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ABSTRACT

Author: Samuel Garcia
Thesis: Plane-Wave Scattering of a Periodic Corrugated Cylinder
Institution: Florida Atlantic University

Dissertation Advisor: Dr. Jonathan Bagby
Degree: Doctorate of Philosophy

Year: 2016

In this dissertation, a novel approach to modeling the scattered field of a periodic
corrugated cylinder, from an oblique incident planewave, is presented. The approach
utilizesradial waveguide approximations for fields within the corrugations, which are
point matched to approximated scattered fields outside of the corrugation to solve for the
expansion coefficients. The point matching is done with TM; and TE, modes
simultaneously, allowing for hybrid modes to exist.

The derivation of the fields and boundary conditions used are discussed in detail.
Axial and radial propagating modes for the scattered fields are derived and discussed.
Close treatment is given to field equations summation truncation and conversion to
matrix form, for numerical computing. A detailed account of the modeling approach
using Mathematica® and NCAlgebra for the noncommutative algebra, involved in

solving for the expansion coefficients, are also given.



The modeling techniques offered provide a full description and prediction of the
scattered field of a periodic corrugated cylinder. The model is configured to approximate
a smooth cylinder, which is then compared against that of a textbook standard smooth
cylinder. The methodology and analysis applied in this research provide a solution for
computational electromagnetics, RF communications, Radar systems and the like, for the
design, development, and analysis of such systems. Through the rapid modeling
techniques developed in this research, early knowledge discovery can be made allowing
for better more effective decision making to be made early in the design and investigation

process of an RF project.
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CHAPTER 1 INTRODUCTION
1.1 Objective

The scattered field due to a large periodic corrugated cylinder of quasi-infinite
length is formulated and numerically determined in this dissertation. It is assumed that
the boundaries and structure of the corrugated cylinder are constructed of Perfect
Electrical Conductors (PECs). The present research provides an alternate technique for
evaluating near-field scattering of a corrugated cylinder due to an incident plane wave
while improving the computational efficiency of infinite array scattering using Floquet
modes. The effect on the total electric field from variations of relative dimensions of the
corrugated cylinder is also investigated.

Problems of scattering from periodic corrugated cylinders have been treated in the
past. There has been investigation into the use of radial waveguide representation of the
corrugated region [1] [2], asymptotic corrugation boundary conditions [3] [4], metallic
ring representation [5], tensor permeability and tensor permittivity [6], and surface
roughness function for corrugation representation [7]. However, treatment of this
problem utilizing radial waveguide representation for the region within the corrugations
and simultaneously working with Transverse Magnetic (TM) and Transverse Electric
(TE) modes appears to be a new contribution to the field of computational

electromagnetics, specifically with regards to scattering structures.



1.2 Background

In today’s modern era of increasingly use of high-tech radio frequency (RF)
communications and radar systems, it has become increasingly important to understand
and mitigate the effects of RF or electromagnetic field scattering from common objects
and geometries involved in those systems. That’s because the more bandwidth and the
greater sensitivity these instruments require, the more impactful inadvertent scattering off
of nearby objects can be. The effect would cause an increase to the noise floor and
distortion of intended signals, which reduces the overall quality and bandwidth of the
data sent through the system. In the case of a ‘stealth’ type aircraft, unintended scattering
would increase the aircraft’s Radar Cross Section (RCS) which would improve an
adversarial radar system’s ability to detect that aircraft.

A common shape seen across all these systems is the cylinder. The fuselage of an
aircraft and many external payloads are approximately cylindrical. The supporting struts
for the transmitter/receiver on parabolic dishes (Figure 1-1), as such used in satellite
communication, radio astronomy, etc. also tend to be cylindrical in shape. The present
research provides a method of analysis for a modified geometry of these cylindrical
structures, utilizing a periodic corrugation, in effect to optimize the design of them

through assessment of their scattering.



Figure 1-1 Example of a parabolic dish used in communications

1.3 Chapter-Wise Organization
In order to provide a coherent and orderly research documentation, this
dissertation has been organized categorically into chapters, which are summarized here:
"1 Chapter 1 Introduction
This chapter (current) is an introduction to the present research. It provides
context and motivation for the field of research. It also provides a summary
for the structure of the dissertation.
1 Chapter 2 Periodic Corrugated Cylinder: Physical Description And
Electromagnetic Application
This chapter describes the problem space in which the research is set. A
detailed description of the geometry and electromagnetic treatment are
discussed. The characteristics of the problem space that are varied are also

3



described. Floquet modes are invoked to represent the phase shift of the fields
due to the periodicity of the structure. The nomenclature for the components,
regions and other aspects of the problem space are established. Also, well
established electromagnetic waveguide equations are represented and
discussed. The overall approach for achieving solutions is also discussed as
well as its validity.

Chapter 3 Incident Field

The incident plane-wave for TM & TE modes is described. The fields are
further derived into their respective cylindrical coordinate components for
both E-fields and H-fields.

Chapter 4 Region I — Radial Waveguide Field Equations

The fields between the corrugations are examined. Radial waveguide field
equations were derived, based on Maxwell’s equations. Boundary conditions
are established as part of the derivation and further reduction of the equations.
Finally, equations are developed for each respective cylindrical coordinate
component for both E-fields and H-fields. Unknown coefficients are identified
for solving in subsequent chapters.

Chapter 5 Region II — Scattered Field Equations

The scattered fields are derived and boundary conditions are established.
Equations are developed for each respective cylindrical coordinate component
for both E-fields and H-fields. Unknown coefficients are identified for solving

in the subsequent chapter.



'] Chapter 6 Boundary Conditions & Point Matching Method
A point matching method is established for solving all the unknown
coefficients. Equation sets are established for boundary conditions intended
for point matching. All the field equations’ summations are truncated from +oo
and -oo, to integers.

'] Chapter 7 Results, Comparisons and Future Research
Results are presented and discussed. General description of mathematical
software tool and use are provided. Expressions identified for full description

of solution space. A description of future research is also discussed.



CHAPTER 2 PERIODIC CORRUGATED CYLINDER: PHYSICAL DESCRIPTION
AND ELECTROMAGNETIC APPLICATION

2.1 Physical Description

The subject of this paper is on the scatterer shown in Figure 2-1. It is a periodic
corrugated cylinder of approximately infinite length, discussed further in the following
section. The different dimensions of its components are referenced in Figure 2-1(b) with
letter reference designators.

The corrugated cylinder is lined vertically with its center axis being on the z-axis.
The inner radius of the corrugation is p1 and the outer radius is p2 along the p axis. The
corrugated cylinder is symmetrical all along the ¢ axis. These corrugation pieces, also
referred to here as discs, have a thickness (height in z direction) of b. The spacing
between the corrugation (or discs) have a dimension of a. The values of these dimensions
are discussed further in later chapters and will be described in terms of A, wavelength of

the incident plane-wave.



(b/2)+(@/2)

~b/2
~=(b/2)-(a/2)

],(a-b)

~ U\\ I~

(@) (b)

P2 P

Figure 2-1 Representation of a Segment of a Periodic Corrugated Cylinder: (a) 3D view of the Periodic
Corrugated Cylinder (b) Cross-sectional view of the Periodic Corrugated Cylinder with Referenced
Dimensions

2.2 Infinite Length Approximation

When a periodic structure of infinite length, in this case a corrugated cylinder, is
radiated by an incident field, the scattered field produced will contain multiple modes or
space harmonics, which are coupled to the boundary conditions in which they must
satisty [8, p. 625]. These spatially periodic fields can be represented through Floquet
modes. Floquet modes are modes of propagating waves that take on the symmetry of the
periodic structure that wave has interfaced with. This is based on Floquet theory, in
which a single period of the periodic structure is used to define the wave and accounting
for the phase shift along the axis of propagation, which is also the axis of periodicity of
the structure. A further description of Floquet modes and Floquet theory can be found in

[9, pp. 264-266] and [8, pp. 605-608].



Practically, one works with smaller and finite length periodic structures and not
infinitely long ones. However, sufficiently long periodic scatterers can be approximated
as infinitely long allowing for simplification for mathematical models of the scattering
fields [10], [11].

2.3 Problem Space

Consider a PEC periodic corrugated cylinder of infinite length as shown in Figure
2-2. Now consider that same corrugated cylinder in the presence of an incident
planewave. That corrugated cylinder will perturb the incident planewave by behaving as
a scatterer. Many have approached the problem of calculating the scattered field, such as

Manara [1] [2], Kishk [4], Freni [5] and Hillion [7].
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Figure 2-2 PEC periodic corrugated cylinder of infinite length, radiated by incident planewave



However, the method proposed in this paper describes the simultaneous use of the
Transverse Magnetic (TM;) and the Transverse Electric (TE,) field modes, with respect
to the z-axis, to solve the problem of predicting the scattered fields. As implied by
Constantine A. Balanis in his work on describing scattering by a conducting circular
cylinder of an oblique planewave, a cylinder structure that deviates from a smooth
cylinder can experience depolarizations of the fields due to the scattering [12, p. 615].
Based on this statement, this work makes the assumption of a hybrid mode when
scattering from a corrugated cylinder. Therefore, the TM, and the TE, modes shall be
accounted for simultaneously and depolarization of the fields from one mode to another
can occur.

Along with TM, and the TE, modes, this approach also utilizes a radial
waveguide representation of the fields within the corrugations (region I) which the full
solution for is formulated in conjunction with the fields outside of the corrugations
(region II). The radial waveguide method has been investigated by Manara [1]. The
combination of TM; and the TE, modes with the radial waveguide representation
provides a more complete description of the scattered field from a periodic corrugated
cylinder, that is novel and has not been observed by the author in previous literature.
2.4 Solution Approach

Having been presented with a description of the problem space, the reader can
now follow along with the solution approach, a step-by-step guide on how to utilize the
problem space components provided in order to solve the problem (predicting the
scattered fields) of a known PEC periodic corrugated cylinder.

Step 1: Identify the incident planewaves



Step 2: Derive solutions to Helmholtz equations for the fields in region I
Step 3: Derive solutions to Helmholtz equations for the scattered fields in region II
Step 4: Truncate all summation equations to finite ranges and represent in matrix form
Step 5: Apply boundary conditions for fields in region I and region II to solve for
unknown coefficients
Step 6: Symbolically and numerically compute solutions for unknown coefficients

This is the solution approach that is represented in this paper. Steps 1, 2 and 3 are
described in chapters 3, 4 and 5 respectively. Steps 4, 5 and 6 are covered in chapter 6.
Step 6 is where a great deal of time and effort was spent by the author in developing the
appropriate numerical computing approach.

In this paper, the fields and incident planewaves are considered to be time

harmonic, as shown in equations ( 2-1 ) and ( 2-2 ). Only the vector phasor component,

E (x,y,z), will be considered and the e will be omitted for simplification.

E(x,y,z,t) = Re[b:)(x,y, z)|elot (2-1)
H(x,y,zt) = Re[ﬁ(x, y,z)]es®t. (2-2)

The field equations and solutions to them, presented in this paper will be in the
cylindrical coordinate form (i.e. p, ¢, and Z axes), with the exception of the introduction

of the incident field in Chapter 3.
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CHAPTER 3 INCIDENT FIELD
Now consider an unbounded medium, referred to here as region II, which is a near
infinite media and void of any scatterers. This description allows for the easy modeling of
a propagating incident planewave. An idealistic view as such is incomplete, with regards
to the scattered field, in the presence of a scatterer (as in the case of the periodic
corrugated cylinder). In order to appropriately describe the total fields (E', H"),
superposition can be used, as shown in equations (3.1) and (3.2), in which the incident
field (E', H') is added to the scattered field (E* & H?, field created by a scatterer in the
presence of a propagating field) in order to get the total field. Deriving the scattered field
is the subject of chapter 5. This chapter will focus on the incident field.
E'=E'+E° (3-1)
H'=H'+ HS. (3-2)
The problem space and solution approach require that the solution set be driven
by two sets of modes, the TM and TE modes. Separate treatment will be given to these
modes when describing the field components. However, when solving for boundary
conditions at the point matching phase, these modes will be combined through invoking
superposition. For now, the driving incident field will be separated in its TM and TE
modes. It’s also important to note here that the present work is done on oblique incident

planewaves and not normal incident planewaves.
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Figure 3-1 Incident field shown with respect to corrugated cylinder for TM, mode (a) and TE. mode (b)

Depicted in Figure 3-1(a) is a TM; mode planewave, in region II, which is
incident to a periodic corrugated cylinder. In Figure 3-1(b), the same structure is shown
only now with a TE, mode planewave that’s incident. In both scenarios, the planewave is
traveling in the same direction, as indicated by 6! (angle of incidence) and the wave
vector Ei, which is given by

ki = k[% sin 6% — 2 cos 0] (3-3)
where k = w+/ue is the wavenumber. In region II, as is the case for the incident field,
k = w+/u; &5 where p = py; and € = g;;. In region I, covered in detail in Chapter 4,
k = w\/ €, where = p; and € = ¢.

Here is a brief description of TM; and TE, modes of a propagating wave, to aid
the reader through this paper. A transverse magnetic mode, with respect to the z-axis

(TM_,), of a propagating wave, is that of a wave that has its magnetic field components in

12



a plane that is perpendicular (transverse) to the z-axis. Therefore, there is no magnetic
field component on the z-axis, or H,=0, for a TM, mode.

A transverse electric mode, with respect to the z-axis (TE,), of a propagating
wave, follows the same logic as that of the transverse magnetic, but rather now it’s the
electric field component that is perpendicular (transverse) to the z-axis. In this case of a
TE, mode, there is no electric field component on the z-axis, or E,=0.

3.1 Incident Field TM, mode
In the case of the TM, incidence, the equation for the electric field is given by

equation (3.4) for rectangular coordinates and (3.5) for cylindrical coordinates. The

component Z = B is intrinsic impedance of region II. Conversion of a vector field

N
between coordinate system types can be found in [12, pp. 920-923] .
E' = Ey[% cos 0 + 2 sin i]e~Jklxsino'~zcos 6] (3-4)

Et = Ey[p cos ¢ cos 8! — ¢ sin ¢ cos 0 + 2 sin §¢]eskzcos 0! Z J (kp sin e/ (3-5)

n=-—oo

The corresponding magnetic fields are given using and expanding on Maxwell’s
curl equations, which a full example can be found in [12, pp. 616-618] to get equations (

3-6 ) for rectangular coordinates and ( 3-7 ) for cylindrical coordinates.

— . 1 ~ . EO ~ . n . ~ . n . . . ai Bi
H! =z kx E" =7[xsin6‘—zcosﬁl]x[xcosﬂ‘+zsin6‘]e‘]k[’”m ~zcos ']
AEO ik ai - . . i i (3_6)
= —y7e1 zcos Z J " (kp sin 6Y)e/™?
n=—oo
—. EO ~ . A ik ai c . , i i
H' = —>[=psing — ¢ cos ple/**c* Z J M (kp sin 6)e/n? (3-7)

n=-oo

13



Further breaking down the electric and magnetic field equations into their

coordinate constituents, we get equations

Ely = Eysin 01 etz cos0' Z M (kp sin 81)ein® (38)
n=-—oo
;; gt = Eo cos @ cos 6 gJkz cos 0! Z i, (kp sin 61)e/n® (3-9)
n=—oo

E(iLTMu = —E, sin ¢ cos ! eJkz cos 6" Z:z_ooj‘”]n(kp sin 8%)elm® (3-10)

i E, . i i o5} L 3 . .
Hy = —sing elkzcos8 % i n(kp sin 6)e/"? (3-11)
HE it = =2 Jlez cos 0! 7, (kp sin 61)e/™? (3-12)

pmll =~ COSQe Jn(kp sin8')e -
n=-—oo

which now provides a more manageable description of the TM; mode incident field as
will be seen in the later chapters.
3.2 Incident Field TE, mode

In the case of the TE, incidence, the equation for the magnetic field is given by
equation ( 3-13) for rectangular coordinates and ( 3-14 ) for cylindrical coordinates.

HY = Hy[# cos 8! + 2 sin §i]e~Jklxsin o'~z cos 6] (3-13)

H' = Hy[p cos ¢ cos 0" — @ sin g cos 6 +

o PRER . 3-14
% sin @i]eskzcos 6"y jT . (kp sin 61)el™®, ( )

n=-oo

The corresponding electric fields are given by ( 3-15 ) for rectangular coordinates
and ( 3-16 ) for cylindrical coordinates.

Ei = ZH'x k = ZH,[% cos 6 + 2 sin 01]x[% sin 0% — 2 cos 9i]e~Iklxsin6'~zcos 6] —

: i oo o (3-15)
§ZHoe# 058" % i n(kp sin 6)e™?
Ei = ZH,[p sin ¢ +  cos plelkzcos®' Z i, (kp sin 01)e/m® (3-16)

n=-oo

As was done in the incident Field TM, mode section, a further breakdown of the

TE, mode field equations into their coordinate constituents gives
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Hli = Hysin gi gikz cos o' Z i, (kp sin 0})en® (3-17)

n=-oo
E:) el = ZH, sin(pe]'kzcosei z j‘"]n(kpsinei)ej"“’ (3-18)
n=-oo
E(,La rEll = ZH, Cos(peijCOSBi z j‘"]n(kpsinei)ej"“’ (3-19)
n=-o
H;; rEll = H, COS(DCOS@i e]'kzcosei Z Y (kp Singi)ejn(p (3-20)
n=-—oo
H;) rEll = —H, sin ¢ cos ot ejkzcosei Z ]_n]n(kp sinei)ejn(p (3-21)
n=-oo

completing the full component breakdown description of the incident field.
33 Total Incident Field

Due to the hybrid nature of the corrugated cylinder, both TM; and TE, modes will
be used simultaneously. Therefore, the TM, and TE, mode fields in the cylindrical

coordinate orientation will be combined to form

Ely = Ey sin 01 ez cos0' Z M (kp sin 81)ein® (3-22)
n=-—oo
E;u = [E, cos @ cos 0% + ZH, sin ple/*zcos®' Z J . (kp sin 81) eI (3-23)
n=-—oo
E;u = [—E, sin ¢ cos 8! + ZH, cos g]e/*zcos e’ Z:z_mj—n]n(kp sin 6V)ein® (3-24)
Hly = Hysin6' /200" 3 i ny (kp sin 6%)e/™® (3-25)
. E, 1. e o
Hon = [—%singo + H, cos @ cos 9‘] glkzcost Z J Y (kp sin 8Y) e/ (3-26)
n=-—oo
, E ' RS o
H(Lpn = [—70005 ¢ — Hysin g cos Hl] eglkzcost z J T (kp sin 84)el™. (3-27)
n=-oco
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CHAPTER 4 REGION I - RADIAL WAVEGUIDE FIELD EQUATIONS

This chapter will focus on deriving the field equations for region I, the region
between the corrugations as can be seen in Figure 3-1. The approach to deriving the
equations shown is to start with the Fundamental Equations of Guided Waves (FEGW) in

cylindrical form, given by

H, =;—g[wei—iz+%‘;—1;z] (4-4)

where

k, = \iZ— k2 (45)

and as mentioned in Chapter 3, k = w+/y;&;, when referring to the wavenumber k in
equations from region I. These equations are derived from Maxwell’s equations and can
be found in any electromagnetic textbook [13, p. 118].

Note that these FEGWs are in terms of H, and E,. When utilizing these equations
for TM, or TE, modes, H; or E; respectively can be set to zero further simplifying the
equations. This will be useful in the subsequent sections, in order to derive the

appropriate form for many of the equations.
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4.1 TM, Mode Equations for Region I

For the TMz mode, the FEGWSs can be rewritten as

By = 7|k 57 (46)
Ey =25 (47)
Hy =555 (48)
Hy = 7| weSE| (49)

by substituting in H,=0.

It is now apparent that all the FEGWs equations are in terms of E,. The only term
now left to develop an equation for is E,. In order to derive a vector field wave equation
for E,, region I will be assumed to be lossless and source free, in order to simplify the
mathematics. This will allow for the use of the Helmholtz vector wave equation in the
form

V2E, + k?E, =0 (4-10)
which can be used to derive an equation for E,. Further detail and derivation of the
Helmholtz equations can be found in [13, p. 116].

The other assumption is that E,, being composed of all the cylindrical field

components, or E, = E,(p, ¢, z), is separable into its constituent components, such that

E, =R, (p)¢,(0)Z,(2) . (4-11)

Now, substituting equation ( 4-11 ) into equation ( 4-10 ) yields 3 sets of
differential second order equations, one for each coordinate component. Since this is a
common process in the field of electromagnets, details of these steps are will not be
shown here but can be found in [13, p. 118]. However, solutions to these second order

homogenous differential equations take the form of
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Aljn(kpp) + B;Y, (kpp) « Standing Wave

R,(p) = (4-12)
(p) {ClH,gl)(kpp) + DIH,EZ)(kpp) « Traveling Wave
A, cosng + B, sinng « Standing Wave
= : ) 4-13
¢2(¢) { C,e /™ + D, etV « Traveling Wave ( )
As cos k,z + By sink,z < Standing Wave
= ; ; . 4-14
Z:(2) { Cye k2?2 + Dyet/kz2 — Traveling Wave ( )

It is important to note the geometry of the structure of region I, which behaves as
a radial waveguide, in order to appropriately select the standing wave or traveling wave
solution for each of the E, subcomponents. The structure allows for traveling waves in
the p and ¢ direction. However, in the z direction, only a standing wave can exist as
depicted in Figure 4-1. Therefore, the solutions for each of the E, subcomponents will be

selected as

R,(p) = C,HP (k,p) + Dy HD (kyop) « Traveling Wave (4-15)
6,(@) = Cye=i"® + D,e*I"®  Traveling Wave (4-16 )
Z,(z) = Az cosk,z + By sink,z « Standing Wave (4-17)

which leads to

E,= (CIH,(ll) (kop) + DIH,EZ)(kpp)) (C,e™ ™ + D,e™I"?) (A5 cos k,z + By sink,z) . (4-18)

z

ki o=

P2 P

Figure 4-1 Standing wave depicted in region I along the z-axis

18



4.1.1 Deriving R.(p) of E; in Region I
From here, the next step is to reduce each E, subcomponents starting with R (p).
This can be done with using the using boundary condition p=pi where R, (p) = 0 or
CH® (kypy) + DyHP (kypy) = 0 (4-19)

Now solve for D; which will give

H (kpp1)
Dl = _Cl Hr(lz)(kipl) . (4_20)

Plug D back into equation ( 4-15) to give

2 (k 2O (k
CHE (ko )~Co iy PP H (k) = € (m&ﬂ(r«pp) - ﬁm@(fcpp)). (421)

4.1.2 Deriving ®,(¢) of E, in Region |

Simplifying @, () is a little bit easier, as it requires very little manipulation.
Since the two terms are exponentials each multiplied by a coefficient, have the same
exponents but just with opposite signs, and will be incorporated into a summation that
has ‘n’ going from -oo to +o0, the two terms can be written as a single term inside a
summation. Doing so yields

> Ane™ (4-22)

where A, is the coefficient with an ‘n’ subscript representing the index where, ‘n’
represents the circumferential (@) variations.
4.1.3  Deriving Z, (z) of E; in Region I

The remaining term (z), for E,, Z,, can be simplified using the boundary condition

07,(z)
z

of z=*a/2 where is set equal to 0. This is possible due to the boundary condition of

E, and E,, being equal to zero at z=+a/2 and both having components of JE, /0z as shown

by
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0Z,(2) B 0(A; cos k,z + By sink,z)
9z 0z

E,~E,~ =7,(2) = —Ask,sink,z + k,Bycosk,z  (4-23)

which will need to be set to zero for this boundary condition. As shown in Figure 4-2, E,,
and E,, are tangential to the PEC at z=*a/2 and therefore equal to zero, leading to

—Ask,sink,z + k,B;cosk,z=0=
a

—Ask;sin (k. 5) + By cos (ky3) =0 z=% (4-24)
—Azk, sin (—kz %) + B3k, cos (_kz%) =0 ,z=-%

Figure 4-2 Cross-sectional view of corrugated cylinder with multiple boundaries identified
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Choosing the equation form where z = %, the coefficient Az can be solved for, which

yields
B3k, cos(kz%)
=272 "\%) 4-25
3 kz sin(kzg) ’ ( )
Plug A3 back into the Z; (z) equation to get
B3k-,;cos(kzﬁ) ] , Cos(kzg)
Z,(z) = ———F—2%cosk,z+ Bysink,z = By | sink,z + ——2Ccos k,z | . (4-26)
legsm(sz) sm(sz)

Since k, is anticipated to be a constant, a new constant B; = B3/ sink, % can be defined
and plugged back into Z, (z) equation giving

Z,(z) = Bj (sin kzgsin k,z + cos k, % cos kzz) ) (4-27)

This expression can be simplified further using the trigonometric identity

cos(x —y) = (sinx siny + cos x cos y) (4-28)
which gives
a
Z,(z) = By cos (k,z — k, E) (4-29)
0Z,(2) ’ r , _
aZZ =7,(z) = —B3kzsm(kzz—kzg). (4-30)

Up to this point in region I, the k, has been left in its general form. Now, k, needs

. 0z, .
to be defined so that % equals zero whenever z = + %, which leads to
a a a
ki (7 =5) = ez (£ 5) = ~hzpa =0 (4-31)
O0=mn Dk, a=—mn 9kzm=_Tm" (4-32)

and therefore, provides the final form of the Z, (z) equation as

a
Z,(z) = By cos kg, (z - E) (4-33)

Note that axial wavenumber k, is now k, where the ‘m” sub-subscript identifies
propagating mode for region I in integer intervals, much the way a classic waveguide

does. This will be used in the TE, mode as well.
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4.1.4  Deriving TM, Mode Equations for Region I
Now that the subcomponents to E, have been defined, they can come together into
a summation as given by

@ H (komp1) | )
z e/ne z nm COS Kz, (Z—E)) Hy (kpmp)—ml']n (kpmp) (4-34)
n pPmP1

n=-—oo

where Anm is the combined coefficients and k, = k,_, k, =k, and the radial wavenumber,

k, ,isderivedas k, = /kz - k%m. From here, E; is plugged into the modified FEGW's

given by equations ( 4-6 ) through ( 4-9 ) to yield

£ 100 in co kZm
E;é_TM =-J Zn:—oo e/n® Zm:—oo kz (Anm cos kZ (Z - _)) ((kpmH£1)1 (kpmp) -
(4-35)
n (1) A (p 1) @) @
D i) = Tt 2 (K Hi s () = Sy (kpmp))>

[oe] [oe]

Epry = % Z nelne Z II;Z%: (Anm cosky, (Z — E)) (H(l)(kpmp)

n=-—oo m=—co

_ H1(11)(kpmp1) H(z)(k p))
Pm

0 (i)

(4-36)

[ee]

we ; 1 a
Hj oy = — " Z nelne Z W (Anm coskz, (Z - E)) (Hél)(kpmp)

n=-—oo m=—oo

_ H1(11)(kpmp1) H(z)(k p))
n Pm

HT(IZ) (kpmpl)

(4-37)

, . ; . 1
H(.Ia,TM = —jwe Zn:—oo el Zm:—oo ? (Anm cos kZm (Z - )) <(k H(l)l (kPmp) -
" (4-38)

n ) Hy (kpy 1) @) n @)
D i) = Tt 2 (K Hi s () = (kpmp))>
4.2 TE, Mode Equations for Region I

The TE, mode will follow the same approach as with the TM, mode starting with

rewriting the FEGWs as
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E, =k—5' o (4-39)
Ey = ;—é[—wui—ﬂ (4-40)
Hp=é[— 5 (4-41)

by substituting in E,=0.

In the case of the TM, mode, the FEGWs were in terms of E,. For the TE, case,
they’re in terms of H,. Just as in the TM; mode, the Helmholtz vector wave equation will
be used, but in the form

V2H, + k?*H, =0 (4-43)
along with the assumption of H, = H,(p, ¢, z), and that it is separable into its constituent
components, such that

H, = R,(p)¢,(9)Z,(2) - (4-44)
Using the same solutions from equations ( 4-15 ) through ( 4-17 ), H, can be
found to be
H, = (C,H (kpp) + DyHP (kpp) ) (Coe ™I + Dye™IM9) (A cos kyz + By sink,z) . (4-45)
4.2.1 Deriving R(p) of H; in Region I
Now, the next step is to reduce each H, subcomponents starting with R, (p). This

approach is similar to the approach taking for E,. However, a boundary condition for H,

OHg ~ 9Rz(p) —

is not directly available but one can be derived from the relationship E,~ 2p 2p

0 at the boundary p=p1, which is given by

aRz(P)

¢} n (1) (2) n@ —
22 = ¢ (i, H ky ) = 2HD K, 0)) + D (K, By, p) =2 HE (U, ) =

0.

(4-46 )

This equation can be rearranged to become
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(Ko Hi2s () = 5 Hi (k)
D, =—C, (447)

(ko ) = 3 HE U, 0))

which can be plugged into R,(p) to give

(kPmH(l)l (kPmpl) - _H(l) (kpmp1)>
Rz(p) = ClHﬁl)(kpmp) - Cl( >H752)(kpmp) =

kPmH(Z)l(kPm 1) - _H(Z)(kpmpl) (4.48)

(N EAOWAEE A OWS))

nP) ~
(kPmH752)1(kpmp1) - aHrEZ)(kpm 1))

G | HP(k,

7’(12)(kpmp)

4.2.2  Deriving @, (¢) of H; in Region I

Deriving @, (¢) H, follows the same process as E.. Both terms can be combined
within a summation forming

> Buem. (4-49)

4.2.3  Deriving Z, (z) of H, in Region I

The last term for H,, Z,(z), will require a boundary condition in order for it to be
simplified. Z,(z) is found to have a relationship with E,~Z, (2), and E, is equal to zero
at the boundary where z=%a/2. This boundary condition will be sufficient to simplify
Z,(z). First, the relationship of E,~Z,(z) needs to be established by using the definitions
of E,, from equation ( 4-39 ) and

g oL o,
¢ k2 p0opdz

(4-50)

which is an alternate form of a FEGW as described in [14, p. 202]. E,, and H,, can be

related as

0E
28 = jouH, (4:51)

dE, OH
and therefore —2 ~—~ and E,~H,,.
0z p
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Now Z,(z), which takes the form of equation ( 4-17 ), can be equated to zero at

the prescribed boundary condition yielding

a a
A3cos(k )+B3sm( 5) , z=5
Ascosk,z + Bysink,z =0 = a " (4-52)
A3cos( k2)+B3sm( k5)=0 , z=—§
which can now be solved for A3z in the form
_ ~B3 sin(kz%) _a 4-53
A3 - cos(kzg) 'z = 2’ ( )
Plugging A3 back into Z,(z) yields
—B3 sm(kz ) sin(kzg)
Z,(z) = ———3#cosk,z + By sink,z = B; | sink,z — 2L cosk,z . (4-54)
cos(kzz) cos(kzg)

Since k, is anticipated to be a constant as was in the derivation for E,, a new constant
B; = B;/sink, % can be defined and plugged back into Z,(z) equation giving

Z,(z) = Bj (cos (kz g) sink,z — sin (kz g) cos kzz) . (4-55)
The trigonometric identity
sin(x —y) = (sinx cosy — cos x siny) (4-56)

is then used to simplify the Z,(z) to give the form

Z,(z) = B} sin (kzz -k, %) = B}sink, (Z - g) (4-57)

and since k, = k,

Z,(z) = By sinky, (z-5). (4-58)
4.2.4  Deriving TE, Mode Equations for Region I

The subcomponents for H, have been defined and are combined as
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[oe] [oe]

HL = Z e/ne Z (Bnmsinkzm (z—%)) H,El)(kpmp)

n=-—oco m=—o ( 4_59)
k, H® (k,, p1) — —H“)( k, p1)

Tk, H(”l(k,,mpl)——H(”( o P1)

7(12) (kpmp)

within summation form. Just as in the TM, mode, Bum is the combined coefficients and

ky=ky ky=k, andk, = [k2— k3 .

Following the same steps as in the TM, mode, H; is plugged into the modified

FEGWs given by equations ( 4-39 ) through ( 4-42 ) to yield

1

Eb 15 = 2 L™ B oz (Bum sin kg, (2= 3)) | i (kpip) -

(4-60)
KomHas 1(kpmpl)— Hn )(Uepmp1) (z)(k )
kpmHy_ 1(kPmp1)__H7(12)(kPm Pmp
i a
El g = jou Z eI Z = (Bunsink, (2-3)) (e H2: ()
n=-oo m=-—oo
~H (k) )
Ko s Uy 1) = i U 1) o (4:61)
- kp, Hy~1(k,. )
Pm =-1\"Ppm
Ko o2y (k1) = 5B (K1)
n
k)
a
pTE - _] z ejn(p z kz nmSLnkZ (Z 2)) (kpmH(l)l(kp p)
n=-—oo =
now
4-62
Ko Hi2s (k1) = - HED pmp1)< 4 G ) (+02)
- k k, p
Pm  n—1\"Pm
kPmHT(IZ)l(kpmpl)__ (2)(kpm 1)
no@
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Hp 15 = 5 X! B o 2 (Bum sin kz,, (2= 5)) | B3 (ko) =

Pm
(4-63)

kPer(ll—)l (kﬂmpi)_p_anr(ll) (kpmP1)

HT(IZ)(kPmp)

KpmHih (pmP1) =gy (ko)
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CHAPTER 5 REGION II - SCATTERED FIELD EQUATIONS

This chapter will focus on the derivation of the scattered field in region II. This is
the same region in which the incident fields were described in Chapter 3. By the end of
this chapter, all the fields in region II would will be covered.

According to [12, p. 615], a perfectly smooth cylinder that is infinitely long and a
PEC does not depolarize an incident wave. Balanis continues on to describe that
deviations from this can cause depolarization of the incident wave [12, p. 615]. Though
not explicitly stated by Balanis, his statement can be interpreted to be applied to that of
the periodic corrugated cylinder which would depolarize an incident plane wave.
Therefore, as stated in section 2.3 , a hybrid mode of TM; and TE, can exist for the
periodic corrugated cylinder and will be examined as such. The field equations for the
TM, and TE, modes will be derived separately, but through the principle of superposition
will be combined in Chapter 5 when finding solutions for the fields.

When deriving the field equations for the scattered field, the FEGWs presented in
Chapter 4, equations ( 4-1 ) through ( 4-4 ), will be made much use of. Also from Chapter
4, deriving the E; and H, scattered fields will use the same Helmholtz equation
representation from ( 4-10 ) and ( 4-43 ) respectively, as well as the same coordinate
constituent separable equations from ( 4-11 ) and ( 4-44 ) respectively. Use of the known
solutions for the Helmholtz equation described in equations ( 4-12 ) through ( 4-14 ) will

also be made in this chapter.
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5.1 Equations for the TM; Mode Scattered Field of Region II
The steps to derive the equations representing the TM, mode of the scattered field
in region II will be the same as that for the TM, mode in region I. This starts with
choosing the appropriate field representation from equations ( 4-12 ) through ( 4-14)
based on geometry and expected behavior in order to describe E,. Since there are no
restrictive boundaries in region II, the traveling wave representation is chosen for each
constituent and replaced into (4-11) to give
E, = (ClH,El)(kpp) + DlH,(lz)(kpp)) (Ce™ /™% + D,e ™) (C3e k27 + Cel*2%) (5-1)
Now, the first and second term of Ez, which make up R.(p) represent inward and
outward traveling waves respectively. Since at the boundary of region II, whether with
the conductive surface or with region I, there is no scattered field expected, the inward
traveling wave portion (the first term) can be eliminated leaving
E, = DiH (kyp)(C,e % + DyetIm9)(Cae /%27 + Cyeie?) (5-2)
This equation can be further simplified by bringing it into summation terms as was done
in Chapter 4 yielding
Eu=Yn—0e™ YR Ce *n?H® (kpp) - (5-3)

Note that axial wavenumber k, has been replaced by k,, and radial wavenumber

k, has been replaced by k, , where k,, = ’kz — kZ, . Here, the sub-subscript ‘1" identifies

the propagating mode for region II in the same way ‘m’ is for region I. To understand the
relationship of the propagating mode with the geometry, a derivation of k,, is required.
This is due to the fact that a propagating wave interfacing with a structure, in this case the
scattered field with the periodic corrugated cylinder, takes on the symmetry of said

structure as depicted in Figure 5-1. This k,, is known as the Floquet harmonic or Floquet
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wavenumber [9, p. 265] or a Bloch wavenumber [15] because of the non-uniqueness and

ability to represent a periodic medium.

ki=%ksin6!

v
=

'S . cell,la+b | Regin 1

I a b
! 1 \J =

- p— - —— - - - -

b5

P2 (4]

Figure 5-1 A depiction of the vector decomposition of the wavenumber in region 11

Figure 5-2 A depiction of constructive interference for a propagating wave along a periodic surface

First, for wave modes to exist, a constructive interference relationship needs to be
established along the path of propagation. This is how wave modes are established within

waveguides and periodic structures. It can be seen from Figure 5-2 that an integer

30



multiple ‘I’ to the wavelength ‘A’ would provide a description of the propagating modes
along the prescribed surface where constructive interface would occur. Also, the
relationship

12 = (a+ b)sin b’ (5-4)

is established. The relationship for the scattered field wave vector
kS = —2kcos 05 + 2k sin 6° (5-5)
is established from Figure 5-1 where the magnitude of kS , which will be referred to as
k,,, the axial wavenumber in region I, is
k,, =kcos@' + ksinf'. (5-6)

when substituting in the relationship of 85= 1 — 6% as per [12, p. 615]. Substituting in the
definition k = 2711 for the second term yields
. 2m .
kzl=kc059‘+7 sin 6! (5-7)

which can further be reduced by using equation ( 5-4 ) to give

v

(aTb): sinGi (5’8)
o 1A  2ml (5-9)
k, =k 0+ — =k 6!
cos + 1 ( n b) cos + (a n b)

which completes the derivation for k. This also completes the definition for E ZS”.
Next, the remaining TM, mode scattered field equations are derived. This is done

by substituting E Zs” into equations ( 4-6 ) through ( 4-9 ) to produce

s ) in Koy o o=ikyz @) nti (kpyp)

E, ppytt = =J X €™ L2 7 2, Cre ™" | kep Hy2y (Kpyp) I — (5-10)

1 - >k,
By rmn = p z nel"? Z k_Zl n ]kleHrEZ)(kmp) (5-11)

n=—oo —0o0
we
HS it = = Z neine Z 7 Gue D (k) (5-12)
n=-oo l=—o00
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Hy it = —jwe Lo €/ Zf‘;_wki’zlenle_jkzl (k HE, (ko0) = M) . (5-13)
5.2 Equations for the TE, Mode Scattered Field of Region II

For the TE, mode, H; is derived much the same way as was in the TE, mode in
region I. Once applying the same assumptions from the geometry and expected field
behavior described in section 5.1 for the TM, mode case, onto the equations ( 4-12)
through ( 4-14 ) and to equation ( 4-44 ), H; is defined as

Hin = Y5 /™ 32 o Dye *"HP (k, p) . (5-14)

where Dy represents the combined coefficients and k,, and k,,, are the axial and radial
wavenumbers defined in section 5.1 respectively.

Now with a fully defined HZSH, the remaining equations can be found by plugging H ; I

into equations ( 4-39 ) through ( 4-42) to yield

. . oo ; © 1 —jkg
E;_TEII = —jop * j YXn-_,ne’™? le_m%Dnle Tk lZH,EZ)(kplp) (5-15)
(2
- nH,”(k,,p
(pTE” = jou Z eine Z k_ZD"le Jkzz < sz(2)1(ksz) M) (5-16)
n=-oo l=—c p
(2
nH,” (k
it = Z elno Z 5 Duie <kle,§2)1(kpl ) - —( o )> (5:17)
n=-oo l=—
. kz s
Hy ppit =~ T el ZE izt Due Tz i (k , p) . (5-18)
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CHAPTER 6 BOUNDARY CONDITIONS & POINT MATCHING METHOD

At this point, the equations for region I and region II have been defined. However,
the equations for region I and the scattered field equations for region II have unknown
coefficients that need to be solved for in order to have a complete representation, and
therefore to be able to calculate and predict the scattered field. In order to achieve this,
boundary conditions need to be established to provide equation sets that allow for
algebraic solving of the unknown coefficients. The equation relationships are established
by point matching, equating points from different equations, that establishes an equal
number of point matches to unknowns.
6.1 General Boundary Conditions

There are two main boundary regions that are utilized in this paper for point
matching, as can be observed from Figure 6-1, which are boundary ‘a’ and boundary ‘b’.
Boundary ‘a’:

"I Boundary between region I and II at p = p, for a z range of _?a <z <

N R

[ The available matching points, p;(p, ¢, z), of a quantity ‘j’ are: p = p, %a <z<
%and 0<¢<2m

] Tangential electric fields from region II, E."" and E,", are equal to tangential
electric fields from region I, E.! and E,/, hence E."=E.' and E,"=E,'[16, p. 178].
] Tangential magnetic fields from region II, H."” and H,", are equal to tangential

magnetic fields from region I, H.! and H,/, hence H."=H." and H,"”=H," when the
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conductivity is finite, hence, not a PEC which is the case at this boundary [16, p.
234].

'] Used to solve for the unknown expansion coefficients Axm and Bym from region 1.

'] Used to solve for the unknown expansion coefficients Cn and Dy from region 11,
which are distinct for each boundary, therefore these will have superscript of (a)
to identify them: Cn® and Dn®.

Boundary ‘b’:
'] Boundary between region II and outer conducting surface of corrugated cylinder

<z< Z4bh.

at p = p, for a z range of >

N R

[ The available matching points, p;(p, ¢, z), of a quantity ‘j’ are: p = pz,% <z <
%+band0£(p < 2m.

'] Tangential electric fields from region II are equal to zero based on the Dirichlet
boundary condition [9, pp. 97-100]: E:" =0 and E,"=0.
'] Used to solve for the unknown expansion coefficients Cn and Dy from region II,

which are distinct and will have superscript (b) to identify them, Cu® and Dy®.
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Regionll | Regionl

7y z=b+a/2
-3 ‘ b
— ‘{ z=a/2
Boundary'b’ a
Egs for Region Il = Boundary 'b'values & eqs > X, p
@matching points p(p2,9,2p)

. Y z=-a/2
Boundary'a'”
Eqs for Region II = Region I

@matching points p(p2¢,2,)

Definitions for z,, z;,, and ¢

z, defined as — = <z < 5

a a
7 defined as N E+b T dm—)

¢ can be arbitrarily assigned

p2 P

Figure 6-1 A depiction for the general boundary conditions utilized to solve for the unknown coefficients

6.2 Matrix Form of Field Equations

In order to effectively apply the boundary conditions and to solve for the
unknown expansion coefficients, the field equations described in Chapter 3, Chapter 4
and Chapter 5 will be represented in matrix form. This will aid in the algebraic
manipulation and solving of the coefficients.

There are a few things to note about the matrix form and indices. The expansion
coefficients of each region need to have the same shape as each other for point matching,
therefore the n X m size matrices of region I need to match the n X [ matrices of region
II. This is accomplished by making “n” of each region equal to each other and having
“m” of region I equal to “I” of region II.

[13%4)

The matrices that contain a subscript “” indicate that there are z’s and ¢’s

[13%4]

referenced in them, where p is always p> for point matches. Each *j” is a matching point,
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which is provided by z’s and ¢’s variation on the specified boundary with a fixed p>and z
range indicated. The number of matching points, which is the number of *“j” points, is
equal to n * m or n * [, thus there’s a matching point for every expanded “n” and “m” or
“n” and “1”. Also, the number of equation matches equals the number of expansion
coefficients. The number of matching points times the number of equation matches
equals the total number of unknown expanded coefficients which provides a complete
system of equations.

In order to separate the coefficients from the rest of the terms for each equation,
the matrices of the unknown expansion coefficients are flattened into an array of a single
column with n * m or n * [ rows and the remainder of the term can stay in a matrix form
of “” rows and n * m or n * [ columns. When multiplied back together, it produces the
summation equation. The incident fields are also “J” rows, but of a single column of
which each entry is a full summation solution.

6.2.1  Matrix form of Region I Equations

The following are the matrix form of the subcomponents of the region I equations
described in Chapter 4. The equations listed below capture the fields E., H., E,/, H,', E,
and H,"in matrix form. For each equation in the list, the corresponding matrix form in

which it’s used is provided. Also, the equation’s substituted form is identified and located

within the matrix form through the use of highlighting and bolding the font.

(1
_ v ing Too a ¢)) Hy (kpmP1) 1;(2)
[hnmj] - Zn:—oo e/n? Zm=—00 (COS kZm (Z - ;)) (HTL (kpmp) - H-r(12)(k2mpi) Hn (kpmp)> (6-] )

€ From E}, = [Py [Anm]

36



[inmj] =™ Y (sin kz,, (Z - g)) Hﬁl) (kpmp) -

(1) n (1)
kPmHn—l(kﬂmpl)_len (kpmP1) )
k, p)| € FromH] = [i,mi|[Bpml
kPer(lz—)l(kﬂmpl)_p_an1(12)(kme1) ( pm ) z [nm]] nm

[Knmjs] = Zn- wnelmeye :2 (cos ks, (z - —)) (H(l) (k,,.p) —

H (k
W::’H)H(Z)(kpmpﬁ € FromE, = [knm]-] [4,] + [lnm]-][Bnm]

[ty = ot B2 meo €7 Doz (sin ki, (2= 5)) | (Koo ) =

kpmH 'r(ll)l(kpmpl)_nH(l)( KpmpP1)
)) o B, (i - H( )k (
P m 1( pmpl) (kpmP1)

FromEl, = [kym;|[Anm] + [Lumj] [Brm]

~H Ky w2 (o) = 2 HE (k) | €

[onm)] = —jwe Xre—we™ Ere oo K2 (COS Kz (Z N 2)) <(kpmH(1)1 (KppP) =

n Hy 7 (k
2 HO (y,,)) = —(Z)Ekpm"1§ (e HZ: ) = 2 Y (kpmp))> € From Hly =

[ nmj] [Anm] + [pnmj][Bnm]

[Prmy] = 2 Eite el T oo 22 (sin ks, (2= 5)) | HS” (kpp) -

kﬂm

1 n (1
kPmHn—j_(kmel)_HHn (kpmpl)

(2) I — ) )
kper(lz—)l(kpmPl)_%Hr(lZ)(kpmpl) Hn (kpmp) é From H(p [Onm]] [Anm] + [pnm]] [Bnm]

[r‘n‘m}] - ] Zn——oo e]n(p Zm —oo :zm (COS kZ (Z - %)) <(kpmH(1)1 (kpmp) -

(2)(k P ) Pm 'n

[rnmj] [Anm] + [Snmj] [Bnm]

n H, k n
2 HO (y,,)) - i Contt) (1 1O (e, ) - 2 (kpmp))> € FromE} =

[sms] = 2 Become?™ Bz (sin ks, (2= 5)) | 1" (kpip) =

kpmH 'r(ll)l(kpmpl)__ (kpmp1)

kpmHp” 1(kpmp1)_—H7(12)(kPmP ) (2)(kpmp) € From Elg = [rnmj] [Anm] + [s"mi] [Bnm]
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(6-2)

(6-3)

(64)

(6-5)

(6-6)

(6-7)

(6-8)



m

[tam] = == Zn——oo ne/™ ¥ o kl (COS Kz (Z B _)) (H(l)(kpmp) -

(6-9)
Wﬂ(@(z«m) € From b} = [tu] ) + [ (B
[unm]] - ] Zn——oo e]n(p Zm —o0 ’,:IZFm (SLn kZ (Z - g)) (k H(l)l(kp p) -
(6-10)

KomHSDy (pmp1)= —H(Z)acpmp )

k - 1(11) (k "y )_nH(l)( mP )
%H"(ll) (kpmp)> - : L ot (kPmH(Z)l(kPmp) __H(Z)(kpmp))

From Hp = [tnmj] nm] + [unm]] [Bnm]

The TM, mode region I field expansion coefficient is represented by [A,,,] and
the TE, mode region I field expansion coefficient is represented by [B,,,,]. The remaining
are region I field components of the respective mode to the coefficient it’s a product with.
6.2.2  Matrix form of Region II Equations

The following are the matrix form of the subcomponents of the region II
equations described in Chapter 3 and Chapter 5. This includes the superposition of all the
region II fields within the same coordinate axis, including TM; and TE, modes for both

the scattered and incident field. Hence, the total field for each axis is summarized as

E} = ELII+EZ mlil (6-11)

Ejl = Eyu + Ey 1y + B oo (6-12)

E” Elu‘l'E TM11+E¢ rEl (6-13)

H”_Hl”-l_HZTE” (6—14)

H’I)I = H;” + H:_TM” + H;_TE” (6—15)

Hé’ZH;11+H TM11+H¢ TEl (6-16)

Below are the field components of E./, B!, E,”, H,"”, E," and H," in matrix form. Just

as in section 6.2.1 , the equation’s substituted form is identified and located within the

matrix form through the use of highlighting and bolding the font.
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[bj] = Eo sin 6! ekzcos6' 3%

‘n.=—OO

. (kp sin 01)e/™? & From EY = [bn]] + [an1[Crl
[anlj] = Z;?:—oo ejn(p Z;x;—oo e_jkleHrEZ) (kplp) € From Eél = [bnj] + [anl] [Cnl]

[fnj] — HO sin 6t ejkzcosei Z‘x’

n=—oo

Jn(kp sin 0)e™ & From HY! = [fpj] + [gni]1[Dni]

(9] = B 0 524D (k) € From Y = [fo] + [gay] 1Du]
[dnj] — [—E, sin ¢ cos 6 + ZH, cos @]e/kzcos 6t zrz_ooj—n]n(kp sin 0)e/™ & From
£ = [du] + ([ea](Ca + [ens] D)

[ens] = %fo:—oo ne/m? ¥, :_;ll e Jkzzpy(?) (kp,p) € From Eyf = [dy;] +

([Cnli][cnl] + [enlj][Dnl])

. . )
o] = o B e (2 00) -0 ) € o =
l
[dnj] + ([Cnlj][cnl + [enlj] nl])

E . : : i o) . .
[mnj] = [—70005 ¢ — Hysing cos 91] glkzcos® Zn:_mj_n]n(kp sin8Y)e/™? & From

H(,IDI = [mnj] + ([nnlj] [Cnl] + [qnlj] [Dnl])
, , )
(] = —jwe Yoo e/ Z?i—wk%z)le_]kzl ( H(z)l(kplp) - #) € FromH}} =
[mnj] + ([nnli] il + [qnlj] nl )
[qni;] = %Z;‘{’:_m ne/ne Zf‘;_m:—Ze_jkzle,gz)(kmp) € FromHY = [my;] +
([nnlj][cnl] + [qnlj] [Dnl])
[¥nj] = [Eq cos @ cos 6 + ZH, sin ple/** cos 6 Z:__m j T (kp sin 81)e/™? & From
E” [Yn]] + ([vnl]] nl] + [Wnl]] nl])
)
[vnij] = = Zmee €™ T2 gie_]kzl ( H(z)l(kplp) —’()kp’p)> € FromE} =
[an] + ([vnli] Crl + [Wnlj] ni )
[Wnlj] = %Z,‘;":_m nelne Zf‘;_mk%le_jkzle,gz)(kmp) € FromE)! = [ynj] +
([vnlj] [Cnl] + [Wnlj] [Dnl])

n=_ooj_n]n(kp sin Gi)ejnfp & From
Hy' = [85;] + ([0 ][Cai] + [y [Di])

[6,] = [—%sinqo + H, cos ¢ cos 6‘] glkzcos6! 3

[%j] = —%Zﬁ;—w nel™® Zf‘;_wki%”e_jkzle,(lz)(kplp) € FromHY = [6,,] +
([xnlj] [Cnl] + [ynlj][Dnl])
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(6-17)
(6-18)
(6-19)

(6-20)

(6-21)

(6-22)

(6-23)

(6-24)

(6-25)

(6-26)

(6-27)

(6-28)

(6-29)

(6-30)

(6-31)



. Kz s )k
[ynij] = =) X €™ Z;x;—ook_‘z)lle Thea? ( H(z)l(kplp) - %) € FromH}! =

[6,;] + ([xtne ) [Cril + [Yaij] [Dri])

(6-32)

The components [bn j], [fn ]-], [dn ]-], [mn ]-], [yn ]-] and [Sn ]-] represent the incident field of
the corresponding cylindrical orientation with both TM; and TE, mode combined. The
TM, mode scattered field expansion coefficient is represented by [C,,;] and the TE, mode
scattered field expansion coefficient is represented by [D,,;]. The remaining are scattered
field components of the respective mode to the coefficient it’s a product with.
6.2.3  Matrix Equation Matches for Point Matching

There are 6 unknown expansion coefficients, each of which expand out to either
n * mor n * [ quantities of unknowns. This means that there needs to be at least 6 matrix
equation matches in order to solve for the unknowns. Based on the boundary conditions
discussed in section 6.1 the following 6 equations will provide a system of equations to

solve for the unknowns.

For boundary ‘a’:

[E2] = [E]“] = [hyms)[Aum] = [buj] + [any][CS) (6-33)
[EL] = [EX®] > [k} Ansn] + [l ) Bum] =[] + ([eny [€P] + [eny][DL])  (6-34)
[H] = [H) ] > [tamj]Bam] = [fus] + [gn/ [P (6-35)

[Hy] = [Hy ] = [oam]lAnm] + [Prmi][Bam] = [mn] + ([ [€°] + [amy][D57]) — (6-36)

For boundary ‘b’:

0=[E"] > 0=[by] +[auy]lc}V'] (6-37)
0=[E,"] > 0= [du] + (leny][C"] + [eny][Dn]) (6-38)
A partially expanded matrix form provides a good aid of the matrix form which is

represented here as well. Subscripts within the matrices will be further observable and the
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matrix shape made obvious. Though, a few notes on the sub-subscripts need to be made.

A sub-subscript of 1 on the subscript “n”, “m”, and “1” signifies the first increment of that
index. A sub-subscript of “n_max”, m”_max”, or “l_max” signifies the last increment of

€e__%% (¢

that index, which are on “n”, “m”, or “I” respectively.

For boundary ‘a’:

hnlmljl hnn_maxmm_male Anlml
[Ezl] — [E;I(a)] 5 . . .
nlmljj_max o nn_maxmm_maxfj_max Ann_maxmm_max 6-39
bnj1 aj1n111 o ajlnn_maxll_max Cy(:zl ( ) )
_ : n . . . i
njj max anlllj)'_mg_x o ann_maxll_maxjj_max C"(lfl)maxll max
" kn1m1j1 kjlnn_maxmm_male Anlml
[Eo] = [E,] - ' ' '
nlmljj_max knn_maxmm_maxjj_max Ann_maxmm_max
[ lnlmljl " lnn_maxmm_male Bn1m1
+ . . .
_lnlmljj_max o nn_maxmm_maxfj_max Bnn_maxmm_max
dnh
=, (6-40)
| "M j max
Cnllljl " Cnn_maxll_male C—,(ltﬁl
" . . A
Cnllljj_max " Cnn_maxll_maxjj_max Cna) 1
n_max‘l_max
[ enllljl o enn_maxll_male D-,(ltﬁl
" . . A
enllljj_max o enn_maxll_maxjj_max D,,(la) 1
| n_max‘l_max
in1m1j1 o inn_maxmm_male Bn1m1 ( 6-41 )
(1] =[] - ' : :
inlmljj_max o inn_maxmm_maxjj_max Bnn_maxmm_max
fnjl 'gflnlll gnn_maxll_male Dy(;ﬁl
_ : n . . . A
fnj]-_max In11jjmax " Innmaxlimaxijmax DT(;:l)maxll e
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Onllljl Onn_maxll_male Anlml ( 6-42 )
1l (a) : : .
[H5] = [H, ] -
4 4
_0711 l1jj_max onn_maxll_maxjj_max ] _A NMn_maxMm_max |
pnllljl pnn_maxll_male Bn1m1
+ H H .
_pn1 l1jj_max pnn_maxll_maxjj_max ] _Bnn_maxmm_max_
Mnj,
_mnj j_max
. . (a)
nnlllh nnn_maxll_maxll Cn1l1
n . . '
. . a
nnllllj_max nnn_maxll_max]j_max 1(1 ) 1
n_max‘l_max |
. . (a)
qnlllll qnn_maxll_maxh nqily
+ H : .
. : (@)
_qnllllj_max qnn_maxll_max]j_max Dnn masxll max
For boundary ‘b’:
) . ) -
bnjl Ayl s O maxlmaxit Cn111 (6-43)
0= [E;I(b)] > 0= + . . .
. . . b
nJjj max an1l1]j_max ann_maxll_max]j_max C.,(l ) L
n_max‘l_max
(b
0=[E,] > 0 (6-44 )
dnf 1
| nj j_max
. . (b)
Cnlllll Cnn_maxll_maxll Cnlll
n . . N
. . b
Cnllllj_max Cnn_maxll_maxjj_max C7’(ln)maxll max
. . )
enlllh enn_maxll_maxh nqly
n . . A
. . b
_enllljj_max enn_maxll_maxjj_max D (b)

6.3 Summation Truncation

It’s also important to note that the summations for

nn_maxll_max

all the equations, and therefore

the matrices, need to be truncated from an infinite to a finite length indices. This is

required prior to numerical computation. Truncation can reduce accuracy, so it follows

that smaller truncated values can be less accurate than when truncated to higher values.

However, it is a fair trade off between computer computational power and available

processing time versus accuracy. That’s due to the fact that the higher
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indices represent higher orders and wave numbers of waves that either don’t propagate
because they’re evanescent or contribute very little overall amplitude and can be
neglected. Also, computing solutions that contribute little to the final solution can be
computationally burdensome. A result of this trade ultimately leads to the truncated size
selection for the summation ranges and matrix sizes.

An example for finding evanescent modes of higher order “m” can be seen when

examining equation ( 4-32 ) with k, = ’kz — k%m. At larger values of “m”, it can be
seen that k% < k%m which makes k,, imaginary, representing evanescent radial wave

modes. When k = w+/p7€; and ( 4-32) are substituted into k* > k7 , where k,_ is still

real, the relationship

2.+2 2,.2

mem a“wue a* w\ & 6-45

w?p g > - ez VA ( )
a? 2 T -

can be established, setting the upper limit for “m”. The same can be done for k,, and

k,,. Following the same approach but using equations k = w+/p;;&;; and ( 5-9 ), the

relationship
. 2ml \? . 2l (6-46)
w2y gy > (k cos 6 + s b)) > w\/u,&; > kcosO' + CED)
(a + b)(w\iy €7 — k cos 68Y) (a + b)k(1 — cos 8Y)
o >l - o > 1

will provide an upper limit for “I”’. These equations are implemented in the code, which
will be discussed in the following sections, as checks for the user to compare his or her
inputs. Violating these limits can prove challenging for the code to find solutions to the
field equations, producing nonsensical, erroneous results with values of orders of

magnitudes 10’s to 100’s of times greater than expected.
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In summary, the “m” and “1” max values are selected in order to restrict the values

of both kpz and kpm to the real domain, which also drives the size of the matrices, for the

following reasons:
1 Imaginary of k,, and k,  produce rapidly decaying evanescent fields that
contribute little to the overall amplitude
'] Computationally it can be burdensome to compute and in some cases challenging
to find a solution.

It’s also important to note here that this restriction is acceptable to the author. In
any approximation technique, there will be areas where computations are truncated and
simplification assumptions are made. The results and comparisons in Chapter 7 will
provide a guide for when the approach presented by this paper is most valid, with respect
to the dimensions of the corrugated cylinder structure when compared to the wavelength
of the incident plane-wave. It will be left for a future endeavor to stress the model
approach presented in this research, to determine the exact limitations of specific
assumptions (e.g. under what conditions can the restricting of k,, and k, = being real be
considered unacceptable).

6.4 Numeric Computation Techniques and Tool Methodology
6.4.1 Tool Selection and Use

This next stage requires that of all the equations get implemented into a
computational tool. There are many computational tools to choose from, however this
author chose to use Mathematica® [17] based on its ability to handle math symbolically.

Also, another significant driver for the selection of Mathematica® is the availability of a
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free toolbox add-on to Mathematica®, available online from UC San Diego known as
NCAlgebra [18], which can handle noncommutative algebra.

NCAlgebra makes it easy in manipulating matrices and vectors algebraically and
symbolically. Its key use in this paper was to solve for each of the unknown expansion
coefficients in terms of known terms, using the matching equations from ( 6-33 ) to (
6-38 ). Essentially, a solve function native to the tool is used, which, once that is done,
numeric values for each of terms are computed, plugged in, computed again and the
coefficients would be solved for.

However, there were some convergence issues in the results. The issue was not
fully identified but at this point, it is important to mention that when NCAlgebra
produces solutions, it checks and validates it. This validation check produced a warning
describing that the solution may be prone to error for certain circumstances, not
described, since it could not guarantee the solution’s accuracy. Based on the results and
the NCAlgebra warning, the fully derived NCAlgebra method was commented out of the
code. It was replaced by a loop solve algorithm developed for this research. However,
NCAlgebra was still used to derive some of the unknown expansion coefficient equations
where the solution check was validated, and were also used to spot check solutions from
the loop solve algorithm used to replace it.

The loop solve algorithm was used to solve partially solved unknown coefficients.
The solve function in Mathematica® was used within a loop to solve for the large matrix
system of equations. As the loop solve algorithm increments, it solves an equation in
terms of an unknown, then plugs that unknown into the equation of the next loop solve

iteration. This process eliminates an unknown with each step. At the last step, the
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unknown is found to have a value. At this point, another loop is implemented working
backwards and plugging in values until all the unknowns are known.

During the numerical computational effort, there were issues that arose in solving
for the unknown coefficients. They were attributed to ill-conditioned matrices which will
be described in the next section.

6.4.2 Ill-Conditioned Matrices

It turned out that during the computation iterations in the process of this work, the
computational tool would produce errors indicating ill-conditioned matrices. This was
found during the inversion process of many of the matrices.

There has been much work behind ill-conditioned matrices, particularly in such a
case as this one, where an ill-conditioned system of linear equations is involved in an
engineering problem. The driving source is from an ill-posed problem, which does not
necessarily stem from an ill-conceived design, but rather a fundamental physical
limitation to the data at hand [19]. Described in such work, are suggestions for the use of
the Moore—Penrose pseudoinverse, which relates to the least squares regression method
in finding the shortest length solution to a problem [20]. Both the pseudoinverse and least
squares method are made use of in the code, in order to eliminate the ill-conditioned
errors and solve for the unknown expansion coefficients.

6.4.3 Tool Methodology

The following section will describe the high-level workflow on how the

computational tools are used. It will show how the tools mentioned in section 6.4.1 are

used in conjunction with the solving methods mentioned in section 6.4.2 . The workflow
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below will describe the code in an already existing state and therefore the workflow steps

describe the sequential flow of data, and not the creation of code.

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

The boundary ‘b’ equations, ( 6-37 ) and ( 6-38 ), are used to solve for Cy® and
Dn® using the least squares method with tool’s built-in least squares solver
function. Equations were rearranged to solve for the specified expansion
coefficient per the least squares solver function required arrangement [21]. See
Figure 6-3 for pictorial form.

The boundary ‘a’ equations ( 6-33 ) and ( 6-35 ) are used to solve for Anm and
Bum. They are rearranged using manual matrix manipulation method with
noncommutative algebra and solve for Anm and Bam in terms of known of field
components, Cu® and Dy
The boundary ‘a’ equation ( 6-34 ) is now used to solve for Cy® in terms of Dy®
using the same method as in step 2.

The new form of Cu® (in terms of D) is plugged into the new form of Anm (in
terms of Cn®) in order to put Apm in terms of Dy®@

The boundary ‘a’ equation ( 6-36 ) is now used to solve for Du® in terms of
known of field components, Anm, and Bam, where Anm, and Bam are substituted by
the solutions in the previous step.

Dn® is now expanded and solved for all the expanded coefficients within the loop
algorithm referenced earlier as the loop solve algorithm. Once complete, Dy@ is

fully solved for numerically.
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Step 7: Dnl(a) is plugged into Cn® and solved for. Both of which are now plugged into
Anm and Bnm, which are solved for as well, completing the numerical solving of
the expansion coefficients. Steps 2 — 7 can be seen in Figure 6-4.

A pictorial overview of this workflow can be seen in Figure 6-2. It includes additional

steps required for configuration and result generation.

Constants,
Parameters
& Formulas

& Symbolic Variables Assigned
e Equations Assigned
e Values Assigned

Numerically Solve Symbolic
Variables & Equations

Calculations for Boundary ‘b’ Calculations for Boundary ‘a’

L Details found in separate figure

Apply Boundary Conditions and Apply Boundary Conditions and
Solve for Boundary ‘b’ Unknown Solve for Boundary ‘a’ Unknown
Coefficients Coefficients

Compute Solutions for Fields using Compute Solutions for Fields using
Boundary ‘b’ Solved Coefficients Boundary ‘a’ Solved Coefficients

Export Boundary ‘b” Export Boundary ‘a’
Solved Fields Solved Fields

Compute Total Fields Generate Plots

Figure 6-2 Software Process Workflow

Apply Boundary Conditions:* Rearranging Equations to
Isolate Variables:”

Eq1. Ef'= 0 [by]+laul[c]=0

ni

Start
e ————
Solve Using Least Squares Method
Solve for D,
Ly i: ::rr:; o;‘
Matrix Stored
knowns

End

Solve for C,,
in terms of
knowns

Solved C,,
Matrix Stored

Figure 6-3 Solving for Boundary ‘b’ Unknown Coefficients Flow Chart
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Isolate Variables:*
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Ep = Egf = ] 4sin] + (Lo [Bon] =
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@
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Starting
Index:
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Rearranged

='m'=1
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CHAPTER 7 RESULTS, COMPARISONS AND FUTURE RESEARCH

7.1 Model Configuration and Parameters

Many configurations and parameters were set up to support the research in this
paper. This section will attempt to describe the key configurations and parameters in
order to facilitate understanding of the results. Note, this model is composed of multiple
smaller models, most centered on the periodic corrugated cylinder. However, there’s also
a smooth cylinder model incorporated, which will be discussed in section 7.3 .
7.1.1  Parameters Relative to Lambda

The model computes and displays many of the results in terms of the wavelength

A, where A = ; , where ‘f’ is the frequency of the incident field and ‘c’ is the speed of

light. Also, the dimensions of the corrugated cylinder are described in units of A, which
include the corrugation opening denoted by ‘a’, thickness of the metallic corrugation
portion denoted by ‘b, the inner corrugation radius p1 and the exterior corrugation radius
p2. Note that the period of the corrugation is equal to ‘a + b’. This includes the plots
displayed later in this chapter, which vary in p and have an axis in units of A, displayed as
p/A. This allows the model to display results that are independent of a specified
frequency/wavelength. However, parameters do have values thus a A is chosen and can be
varied while fixing the geometry, if so desired. For the purpose of this paper, A is fixed

and the geometry and other parameters are varied.
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In the results section, multiple scenarios were run with different parameter
changes. One such parameter was labeled ‘d’ which signifies a relative ‘dimension’ to A,
which the physical dimension parameters of the corrugated and smooth cylinders are
linked to. For example, the dimension ‘b’, the thickness of the protruding part of the
corrugation, is always set equal to ‘d’ in all the scenarios, unless explicitly stated
otherwise. The parameter ‘d’ allows for the description of 3 different groupings of
relative physical dimensions which are d > A by setting d = 204, d = A by setting d =
22, and d < A by setting d = 0.1A4. This was done in order to more clearly gauge the
performance of the model relative to the different scattering regimes laid out by the
figure, as per described in [22]. Also, according to Fuhs [23, p. 18], when in the Rayleigh

scattering region (d > A), polarization is not important for the magnitude of RCS.

Radar Cross Section of Metal Sphere
with Asymptotes

wn

10-13

10-2 k.

monostatic RCS / proJected orea. asymptotes

d=10A

4 6 8 4 6 810! 4 6 8102
relative frequency = circumference / wavelength

Figure 7-1 Relative relationship of target size to illuminated wavelength with associated regions of
scattering approximation, courtesy of Wikipedia [24]
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7.1.2  Incident Field Parameters

The incident field amplitudes are driven by the Eo value for the TM; mode and the
Ho value for the TE, mode. Since these modes are independent of each other, Eo and Ho
values can be selected independent of each other. It is important to note at this point, that

the H-fields amplitudes in the TM; mode are driven by the Eo, where the H-field
amplitude is equal to %, where Z = /? and is the impedance of the medium in which
11

the incident field is in. The same holds true for the E-fields in the TE, mode, in that it’s
dependent on the Hy value, where the E-field amplitude is equal to ZH,.
7.1.3  Point Matching Selection

As discussed in Chapter 6, point matching is required for the numerical solution
of the unknown expansion coefficients. There are various points that could be selected
with the prescribed range for that boundary condition, with p always being equal to p».
The type and quantity of matching points can worsen or improve the numerical results,
though a minimum of ‘j° quantity, expansion number of the coefficients, is required.

Different matching point techniques were attempted during the development of
the model. When the NCAlgebra method was first utilized, it allowed for an
overdetermined solution where there were more equations (or ‘j” points), than unknowns,
(or expansion count of coefficients). That’s because it was fully defined in the
pseudoinverse and least squares method. However, due to its limitations as described in
section 6.4.1 , the NCAlgebra method was abandoned and the new technique did not
allow for an overdetermined solution in its current form.

Two main matching point techniques were maintained in the model. One was
fixing @ to an arbitrary ¢ value from O to 2 while varying z ‘j’ times, evenly spaced
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spanning the distance of the boundary, being ‘a’ or ‘b’ depending on that boundary. The
other was to fix z to an arbitrary z value within the boundary, while varying ¢ ‘j’ times
evenly from O to 2.

The results computed were done fixing z and varying ¢. This produces more
accurate results, which is due to the fact that the computed comparison results did not
vary z values, but did vary ¢ in the changing ¢ results. Therefore, the selection in
matching points that is best suited is the matching points that would reinforce the
intended computational analysis, which was to vary ¢.

7.1.4  Total E-Field Calculation

The total E-field calculation finds the magnitude of the combined fields. The

method is fairly straight forward. The fields are converted from cylindrical coordinates to

rectangular coordinates, which can be found in [12, p. 923] to form

E, =E,cos¢ + E,sin¢ (7-1)
Ey =E,sin¢g + Eg cos ¢ (7-2)
E, = E, (7-3)

Then, each of the rectangular coordinate forms of fields are squared, summed together

and then the square root of that number is attained.

[ (7-4)
Ex2 + EYZ + Ez2 = Erotal

This is done for every data point to generate the total E-field data.
7.1.5 Reconciliation of Boundary ‘a’ and Boundary ‘b’
Up to this point, the equations for boundary ‘a’ and boundary ‘b’ have been given

separate treatment. However, results were computed for the separate field equations and
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results plotted and incorporated into the results section. At the near field, where p <A, the
boundaries can be treated separately.

For the far field, p >> A, boundary ‘a’ and boundary ‘b’ solutions are examined
for their accuracy. Either technique alone should produce a gross representation of the
scatter, though within certain regions the approximations of the field amplitudes can be
poor. However, the hybrid nature of the problem formulation allows for the
depolarization representation of the periodic corrugated cylinder.

A technique described by Kishk et al [25], the asymptotic boundary condition
method, utilizes coefficients that vary with the z axis, and are weighted by a ratio factor
w/p, where ‘w’ is the dimension of the corrugation opening and ‘p’ is the corrugation
period. This is done at the boundary condition to develop a complete field solution,
where more detail can be found in [26]. This technique and variations thereof were
investigated but not implemented.

In the present work, the field solutions for boundary ‘a’ is added with that of
boundary ‘b’. This superposition of fields, produces the results shown for the runs labeled
“Run a_plus_b...”. The results are compared to that of a smooth cylinder as well as to
alternate methods for computing the scattered field of a corrugated cylinder [27]. This
treatment of superposition of fields is done in [28], where the field of a cylinder without
accounting for the corrugated perturbations, represented as metallic rings, and then added
to the scattering due to the metallic rings.

7.2 RCS Computation
The model produces various Radar Cross Section (RCS) plots, as this is a typical

convention in the electromagnetics scattering community, to display and compare
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scattered fields. The RCS symbol, o, is the designated symbol to represent the RCS
value, which is in units of m?. The formula representing c is derived from the free-space
loss factor cause by the spherical spreading of a propagating planewave, which a full

description of its derivation can be found in [29, p. 96]. This model uses ¢ in the form

o = lim |4nR?

R—

|E*|? (7-5)
|E|?

where ‘R’ is the distance of observation from the target, meters. The value ‘R’ needs to
be large enough where R>> than the largest physical dimension of the target and
wavelength so that the propagating planewave representation holds and the formula
remains valid. The RCS, o, can also be calculated in decibels, dB, in order to display a
large range of data. The units are in decibels per square meter or dBsm. This is calculated

as

|52 (7-6)

ERE

Gapsm = lim |10log,o 4R?
It is important to take note of the aspect angles, ¢, that are used in the
calculations, as the computed results can vary. There is the ¢ of the incidence field, ;,
and the @ of the observed or of the scattered field, ¢s. In each of the variations, @s values
are typically swept through from O to 2x. The following are the different methods for
varying the ¢ values in order to get the different ¢ results:
'] RCS ¢ Sweep Method 1: ¢ is swept through 0 to 27 and o; is kept at a fixed
constant value between 0 to 2.
"1 RCS ¢ Sweep Method 2: ¢s is swept through O to 2w and ¢; = @s. This is typically
referred to as a monostatic RCS since it assumes the transmitter and receiver, for

typical radar applications, are at the same location.
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'] RCS ¢ Sweep Method 3: ¢ is swept through O to 2w and @i = Qs+ Qoffset, Where
Qoftset 1 an offset value of . This is typically referred to as a bistatic RCS since it
assumes the transmitter and receiver, for typical radar applications, are at separate
locations.
The technique used in this paper is RCS ¢ sweep method 1.
7.3 Smooth Cylinder Comparison Model

In order to have a comparison model for the periodic corrugated cylinder, a
smooth cylinder was modeled. The dimensions of the corrugated cylinder can be adjusted
to approximate a smooth cylinder and then compared to the smooth cylinder model.

A smooth cylinder model of oblique incidence planewave is found in [12, pp.

614-624] . This textbook model provided the basis for the TM, mode scattered equations

E; (™) _ (7-7)

iE gt gtik-z:cos ot 0o —n _In(kps sin6") H1(7.2—)1(kp Singi)_Hr(12+-)1(kp sin 6") jne
JEoCOSOG € n=-oJ @ " e
Hy(kpy sin %) 2

s(T™M) _ cot 6 +jkz-cos 8¢ yoo —n41 _In(kpzsin8)) | (2) AP 1) (7-8)
E, JEo % ¢ Yo N 5O (kpy sin 00 H,” (kp sin6')e
. . i in @t . . _
EZS (T™) _ E, sin 6 gtikzcos 6! DIl Jn(kpz sin6') H,SZ)(kp sin 6%)e/n® (7-9)

HP (kp, sin 61)

and the TE, mode scattered equations

CH +jk-z-cos 6% L _(k in0\)— k in @t i . . (7—]0
Elf Te) _ _jHoe?” 7 — Y onj ! ]T(‘z)l( P20 .) J"(;;( P2 7 ) H® (kp sin 61)e/m®

wep  sin H,” (kpa sin 0Y)-H, Y, (kpy sin 61)

)

s(TE) _ 7-11

EETE = (
jH H o +jkzecos Bizoo i—n In-1(kp2 sin 81)—Jn41(kp sin ') (H‘r(lz—)l(kp sin 91)‘“1(1231("/’5""91)) eine )
0\ e Hr(lz—)1(kp2 Sinei)_Hr(ler)1(kp2 sin %) 2
)
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The Hankel and Bessel order ‘n’ is set to the same ‘n’ as used in the corrugated cylinder
model. The radius of the smooth cylinder is p,, the same dimension as the larger radius of
the corrugated cylinder.

Note that only the electric field components were used. Using only the electric
fields provides an adequate comparison, as there is no polarization and therefore no need
to fully represent a system of each TM, and TE, mode as in the corrugated case. Each
mode will have the fields calculated separately and then, through the principle of
superposition, combined with each other on certain plots in the following section. Also,
the incident field is the same as that incident onto the corrugated cylinder in the model
described in Chapter 3.

The smooth cylinder results are computed and displayed alongside the periodic
corrugated cylinder results. Since the periodic corrugated cylinder is of a hybrid mode,
both TM, and TE, modes exist within the periodic corrugated cylinder scattered field.
However, the data displayed for the smooth cylinder is made available to show the
separate TM, and TE, modes, as well as the superposition combined modes. The data sets
were created for the different cylindrical coordinate axes.

A subset of the data is collected and analytically compared between periodic
corrugated cylinder and the smooth cylinder, in order to calculate the mean of percent
error between them. This data set is composed of the superposition combined modes, in
RCS dBsm, for each of the cylindrical coordinate axes and the total field. The data points
at each ¢, for the smooth and corrugated cylinders, are subtracted from each other and the
absolute value of that is divided by the smooth cylinder dBsm value, and finally

multiplied by 100% to give the percent error, as in equation ( 7-13 ).
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(7-13)

g -0
| dBsm [smooth]|~9dBsm [corr]l ) 100% —

P ——— % error of Gagsm -
Then, the mean of the percent error is found for each of the data subsets.
7.4 Alternate Corrugated Cylinder Method Comparison

In order to fully validate the results of the periodic corrugated cylinder scattered
field, a comparison to an alternate method for the same geometry is merited. The chosen
comparison method was from A. Freni et al [27] where results for a Finite Element
Method (FEM) and the Method of Moments (MoM) are captured in figure 3 of that
paper. The geometry referenced in figure 3 of [27] was utilized and the cross-polar plot
was recreated in this paper, by extracting the FEM and MoM data curves, shown in
Figure 7-150. Also captured in Figure 7-150 are the results using this research’s
technique. Data was extracted from figure 3 of [27] using a curve mapping and data

extraction tool called WebPlotDigitizer [30]. The data plotted is, oge/Ao (dB), which is the

cross-polar scatter width derived from

E5|°
Opo = ﬁﬂﬁ [ZHp%
6

l (7-14)

which the first subscript is the polarization of the scattered field and the second subscript
is the polarization of the incident field [28]. A comparison of this technique can also be
found in [31] by the author of this research.
7.5 Results

A variety of different runs were executed, as was discussed earlier. Table 1
captures a summary of the boundary ‘a’ simulation runs with the adjusted parameters
identified, on runs comparing the corrugated cylinder to that of the smooth cylinder.
Also, boundary ‘b’ runs were generated (see Table 2), using the same parameters as the

subset runs of boundary ‘a’ shown in this chapter, except with a z position in the
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boundary ‘b’ region. Table 3 captures a summary of the boundary ‘a’ plus boundary ‘b’
runs, which represent the final solution approach. The different runs captured in the
subsequent sections use a title scheme described by the example in Figure 7-1, in order to

help identify the configuration for each run and the plots captured in that section.

Run|a_plus_b.2 (b=202}/a=b*.001, p2=20%, m=0)

0.0.0

Max index value of ‘m’
Approx. ratio of ‘a’ to ‘b’

Ratio of ‘b’ & p, to A

Plot boundary type:
« boundary ‘a’ fields only = ‘a’
===+ boundary ‘b’ fields only = ‘b’
« boundary ‘a’ + ‘b’ fields = ‘a_plus_b’

Figure 7-2 A run title example describing each component of the title and how it relates to the run’s
configuration

From Table 1, it can be seen that some of the runs have a status of ‘Bad Data/Ill-
Condition’. These were mostly runs that had ‘m’ or ‘I’ that were exceeding their max
allowable value, allowing k, to become imaginary. As mentioned in section 6.3 , these
modes in which k,, are imaginary, produce evanescent waves which decay rapidly when
moving away from the field source at the cylinder edge, and thus can be ignored.

Another item to note, is that all the runs were kept at n=3. This an acceptable
mode or Hankel function order as much of the work with similar scattering geometries
have been conducted at n=1 or n= 2, such as [32]. This upper limit was also a
computational limitation. Orders above n=3 would not produce a solution with the
capability and the time allotted for the computer systems used.

The following subsections provide a subset of the simulation runs collected as

part of this research effort. They are pertinent comparative material between the periodic
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corrugated cylinder model and the comparison model which are used to draw conclusions

from. The mean error, as described in section 7.3 are shown for boundary ‘a’(Figure

7-3), boundary ‘b’(Figure 7-4) and boundary ‘a+b’(Figure 7-5).

Each of the presented runs are in their own section with multiple plots. Each

section consists of the following:

0

0

0

1 detailed summary table of all the ¢ changing plot parameters,

4 Polar Plots of RCS dBsm (Ez, E p, E ¢ and Etoa of TM, +TE; modes)

4 XY Plots of RCS dBsm (Ez, E p, E ¢ and Etow of TM; +TE, modes)

1 detailed summary table of all the p changing plot parameters

8 XY field amplitude plots (Absolute value of the fields : Ez, E p, E ¢ and Erotal
of TM; +TE, modes, for scattered field and for scattered + incident field)..

Additional results are also provided here. As mentioned in section 7.4 , an

alternate method in representing scattering of a corrugated cylinder is discussed with

results in section 7.5.10 . Also, the relative dielectric constant in region I is varied and

compared, showing the effects of dielectric loading and lossy dielectric loading, with

results in section 7.5.11 .
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Figure 7-3 Mean of %error between corrugated cylinder and smooth cylinder model, for boundary ‘a
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Figure 7-4 Mean of %error between corrugated cylinder and smooth cylinder model, for boundary ‘b’
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Mean of % Error (n=3,m=0,a=0.001b) - Boundary a+b
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Figure 7-5 Mean of %error between corrugated cylinder and smooth cylinder model, for boundary ‘a+b’
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Table 1 Summary of boundary ‘a’ simulation runs conducted and adjusted parameters for comparing the
corrugated cylinder and smooth cylinder models

Run Titl b o ) £ Stat Plot Max Allowable
un 1itie a ar n m atus
P P P Location "m" or "1"
Run a.20.100.0 20*A b*1 20*\ | p2*¥0.99| p2*10 |3|0 Complete Appendix 17
Run a.20.100.1 20*A b*1 20*\ | p2*0.99( p2*10 | 3|1 Complete - 17
Run a.20.75.0 20*A b*.75 20*\ | p2*0.99| p2*10 |3|0 Complete -- 14
Run a.20.75.1 20*A b*.75 20*\ | p2*¥0.99| p2*10 |3|1 Complete -- 14
<
*O Run a.20.50.0 20*A b*.5 20*\ | p2*0.99| p2*10 |3|0 Complete -- 12
N
.g Run a.20.50.1 20*A b*.5 20*\ | p2*0.99| p2*10 |3|1 Complete -- 12
Run a.20.25.0 20*A b*.25 20*\ | p2*¥0.99| p2*10 |3|0 Complete -- 10
Run a.20.25.1 20*A b*.25 20*\ | p2*¥0.99| p2*10 |3|1 Complete -- 10
Run a.20.0.0 20*A | b*.001 | 20*A |p2*0.99 | p2*10 |3 |0 Complete Chapter 7 0
Run 2.20.0.0 20%A | b*.001 | 20*A |p2*0.99| p2*10 |3 ] el N/A 0
Conditioned
Run a.2.100.0 2%\ b*1 2*\ | p2*0.99| p2*10 [3]0 Complete Appendix 4
Run a.2.100.1 2%\ b*1 2*\ | p2*0.99| p2*10 |3]1 Complete -- 4
Run a.2.75.0 2*\ b*.75 2*\ | p2*0.99| p2*10 [3]0 Complete -- 3
Runa.2.75.1 2*\ b*.75 2%\ | p2*0.99| p2*10 |3]1 Complete -- 3
;f Run a.2.50.0 2*\ b*.5 2*\ | p2*0.99| p2*10 [3]0 Complete -- 2
N
I
= Runa.2.50.1 2*\ b*.5 2*\ | p2*0.99| p2*10 |3]1 Complete -- 2
Run a.2.25.0 2*\ b*.25 2*\ | p2*0.99| p2*10 [3]0 Complete -- 1
Run a.2.25.1 2 | b*25 | 24 |p2r099| pario |31 |Couldnotsolve for'a N/A 1
coefficients “Input
Run a.2.0.0 2*A b*.001 2*A  |p2*0.99 | p2*10 |3 |0 Complete Chapter 7 0
Bad Data/Ill-
R 201 2%\ b*.001 2%\ 2*0.99 2*¥10 |31 N/A 0
una 7 ? Conditioned /
Run a.0.1.100.0 A b*1 A*N | p2*0.99| p2*10 | 3]0 Complete Appendix 0
Run 2.0.1.100.1 1 | b*1 | 1% |p2%0.99| pa*10 |3]1|  BadData/li- N/A 0
Conditioned
Run a.0.1.75.0 ¥ b*.75 A*N | p2*0.99| p2*10 | 3]0 Complete -- 0
Run 2.0.1.75.1 1 | br75 | afA | p2*0.99| p2*10 |31 ] el N/A 0
Conditioned
<
w2 Run a.0.1.50.0 A b*.5 A*A | p2*0.99| p2*10 | 3]0 Complete -- 0
<)
I Run 2.0.1.50.1 20 | bxs | %A |p2*0.99 p2*10 |31 Bad Data/l- N/A 0
= un @ s s Conditioned /
Run a.0.1.25.0 1A b*.25 A*N | p2*0.99| p2*10 | 3]0 Complete -- 0
Run 2.0.1.25.1 1 | b*r2s5 | afA | p2*0.99| p2*10 |31 ) el N/A 0
Conditioned
Run a.0.1.0.0 1*A b*.001 1*A | p2*0.99 | p2*10 |3 |0 Complete Chapter 7 0
Bad Data/Ill-
Run a.0.1.0.1 A\ | broo1 | .1*n |p2*0.99| p2*10 |3]1 ey N/A 0
Conditioned
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Table 2 Summary of boundary ‘b’ simulation runs conducted and adjusted parameters for comparing the
corrugated cylinder and smooth cylinder models

Run Title b a p2 p1 pfar n m Status Plot Max Allowable
Location "m" or "1"
Run b.20.0.0 20*A | b*.001 | 20*A |p2*0.99 | p2*10 |3 |0 Complete Chapter 7 0
Run b.2.0.0 2*A b*.001 2*A  [p2*0.99 | p2*10 (3|0 Complete Chapter 7 0
Run b.0.1.0.0 1*A b*.001 1*A  [p2*0.99 | p2*10 (3|0 Complete Chapter 7 0

Table 3 Summary of boundary ‘a+b’ simulation runs conducted and adjusted parameters for comparing

the corrugated cylinder and smooth cylinder models

Run Title b a p2 p1 pfar n m Status Plot Max Allowable
Location "m" or "1"
Run a_plus_b.20.0.0 20*A | b*.001 | 20*A |p2*0.99 | p2*10 |3 |0 Complete Chapter 7 0
Run a_plus_b..2.0.0 2*A b*.001 2*A  [p2*0.99 | p2*10 (3|0 Complete Chapter 7 0
Run a_plus_b..0.1.0.0 1*A b*.001 1*A [p2*0.99 | p2*10 (3|0 Complete Chapter 7 0

For sections 7.5.1 through 7.5.9 , refer to Figure 7-2 to interpret the title of each

section in order to understand the overall configuration of the model for the plots

captured in that section. Also, the first table in each section will provide a more detailed

set of configuration parameters specifically for the polar plots, preceding the polar plots.

The second table in each section, after the polar plots but prior to the XY phi plots, will

provide a detailed set of configuration parameters specifically for the XY phi plots. The

third table in each section (if present, as not all results had these sets of plots), after the

XY phi plots but prior to the XY rho plots, will provide a detailed set of configuration

parameters specifically for the XY rho plots.

7.5.1  Run a.20.0.0 (b=20A, a=b*.001, p2=20A, m=0)

Table 4 Detailed parameters summary for changing ¢ plots of Run a.20.0.0

value

max

delta

Qty of Points

EO0

1.V/m

HO

0.00265258 A/m

A

1.50105x 10 Hz

Frequency 0.019986m - -
a 0.02 A - -
b 20. X - -
pl 19.98 A - -
P2 20. 2 - - - -
¢ range = 0.327273 Deg|359.673 Deg|0.654545 Deg 550
p (observed) 200. A - - - -
z (observed) 0.25a2&&0.005 2 - - - -
Matching Points - - - - 7
8i 55. Deg = = = &
¢i 37. Deg - - - -
n - -3 5 1 i
1 = 0 0 1 it
m - 0 0 1. 1
max allowable m 0.04 - - - -
max allowable 1 8.537 - - - -

Boundary

Boundary a
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E, TM+TE RCS (dBsmj) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)

Figure 7-6 Polar Plot form of RCS dBsm for Ez of the Smooth Cylinder TM + TE modes and Corrugated
Cylinder hybrid mode for Run a.20.0.0

E, TM+TE RCS (dBsm) Smaath Cylinder (Blue) vs Cornugated Cylinder (Red, -}

Figure 7-7 Polar Plot form of RCS dBsm for Ep of the Smooth Cylinder TM + TE modes and Corrugated
Cylinder hybrid mode for Run a.20.0.0
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E; TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)

Figure 7-8 Polar Plot form of RCS dBsm for Ep of the Smooth Cylinder TM + TE modes and Corrugated
Cylinder hybrid mode for Run a.20.0.0

Erqrs TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, --)

Figure 7-9 Polar Plot form of RCS dBsm for Ety of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run a.20.0.0
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E; TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)

30+
20t

10}

RCS (dBsm)

-10}

Figure 7-10 XY Plot form of RCS dBsm for Ez of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run a.20.0.0

E, TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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Figure 7-11 XY Plot form of RCS dBsm for E, of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run a.20.0.0
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Ey TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, --)
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Figure 7-12 XY Plot form of RCS dBsm for Egp of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run a.20.0.0
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Figure 7-13 XY Plot form of RCS dBsm for Ero of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run a.20.0.0
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Table 5 Detailed parameters summary for changing p plots of Run a.20.0.0

value min max delta Qty of Points
EO 1.V/m - -
HO 0.00265258 A/m - =
A 0.019986m - - - -
Frequency 1.50105x10° Hz - - - -
a 0.02 A - - - -
b 20. A - - = N
pl 19.98 A = - = =
P2 20. A - - - -
P range - 17.982 X[30. A[{0.0218907 A 550
¢ (observed) 37. Deg - - - -
z (observed) 0.25a&&0.0052 - - - -
Matching Points - - - - 7
61 55. Deg - - - -
oi 37. Deg - - - -
n - -3 3 1 7
15 - 0 0 1. 1
m = 0 0 1 I
max allowable m 0.04 - - - -
max allowable 1 8.537 - - - -
Boundary Boundary a - - - -

E, TM+TE Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)

_____
_____

0.05-

______
_____
______
.........
e

Vim

0.00%
18 20 22 24 26 28 30

plA

Figure 7-14 XY Plot of Scattered Field Amplitude Only, for Ez, of the Smooth Cylinder TM + TE mode and
Corrugated Cylinder hybrid mode for Run a.20.0.0
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ooth Cylinder (Blue) vs Corrugated Cylinder (Red, —--)

E; TM+TE Inc + Scattered Sm
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Figure 7-15 XY Plot of Scattered + Incident Field Amplitude, for Ez, of the Smooth Cylinder TM + TE
mode and Corrugated Cylinder hybrid mode for Run a.20.0.0

TM+TE Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)

e,
y e
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Figure 7-16 XY Plot of Scattered Field Amplitude Only, for Ep, of the Smooth Cylinder TM + TE mode and
Corrugated Cylinder hybrid mode for Run a.20.0.0
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Figure 7-17 XY Plot of Scattered + Incident Field Amplitude, for Ep, of the Smooth Cylinder TM + TE

mode and Corrugated Cylinder hybrid mode for Run a.20.0.0
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E, TM+TE Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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Figure 7-18 XY Plot of Scattered Field Amplitude Only, for Ep, of the Smooth Cylinder TM + TE mode and

Corrugated Cylinder hybrid mode for Run a.20.0.0
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Es TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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Figure 7-19 XY Plot of Scattered + Incident Field Amplitude, for Ep, of the Smooth Cylinder TM + TE
mode and Corrugated Cylinder hybrid mode for Run a.20.0.0
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Figure 7-20 XY Plot of Scattered Field Amplitude Only, for Ero, of the Smooth Cylinder TM + TE mode
and Corrugated Cylinder hybrid mode for Run a.20.0.0
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Figure 7-21 XY Plot of Scattered + Incident Field Amplitude, for Eroa, of the Smooth Cylinder TM + TE

mode and Corrugated Cylinder hybrid mode for Run a.20.0.0

7.5.2

Run a.2.0.0 (b=22, a=b*.001, p2=2A, m=0)

Table 6 Detailed parameters summary for changing ¢ plots of Run a.2.0.0

Boundary

Boundary a

value min max delta Qty of Points
EO 1.V/m - = = =
HO 0.00265258 A/m - - = =
A 1.50105x10'° Hz - - - =
Frequency 0.019986m - - = =
a 0.002 A - - = =
b 20X - - = =
Pl 1.998 A = - = _
P2 2.X - - - =
¢ range - 0.327273 Deqg|359.673 Deg |0.654545 Deg 550
p (observed) 20. A - - e =
z (observed) 0.25a&&0.00052 - - - -
Matching Points - - - = 7
61 55. Deg - - - =
¢i 37. Deg - = = =
n S -3 3 1 7]
at - 0 0 1 i1
m = 0 0 1 i
max allowable m 0.004 - - = =
max allowable 1 0.8537 - - - =

73



E; TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, --)

Figure 7-22 Polar Plot form of RCS dBsm for Ez of the Smooth Cylinder TM + TE modes and Corrugated
Cylinder hybrid mode for Run a.2.0.0

E, TM+TE R Bsm, oth Cylinder (Blue; rugated Cylinder (Re«

Figure 7-23 Polar Plot form of RCS dBsm for Ep of the Smooth Cylinder TM + TE modes and Corrugated
Cylinder hybrid mode for Run a.2.0.0
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E4 TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red

Figure 7-24 Polar Plot form of RCS dBsm for Eg of the Smooth Cylinder TM + TE modes and Corrugated
Cylinder hybrid mode for Run a.2.0.0

Eterm TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Comugated Cylinder (Red, —)

Figure 7-25 Polar Plot form of RCS dBsm for ETotal of the Smooth Cylinder TM + TE mode and
Corrugated Cylinder hybrid mode for Run a.2.0.0
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E; TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)

101

RCS (dBsm)
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]
Figure 7-26 XY Plot form of RCS dBsm for Ez of the Smooth Cylinder TM + TE mode and Corrugated

Cylinder hybrid mode for Run a.2.0.0
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Figure 7-27 XY Plot form of RCS dBsm for Ep of the Smooth Cylinder TM + TE mode and Corrugated

Cylinder hybrid mode for Run a.2.0.0
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E; TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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Figure 7-28 XY Plot form of RCS dBsm for Eg of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run a.2.0.0

Etqial TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, ——)

RCS (dBsm)

Figure 7-29 XY Plot form of RCS dBsm for ETotal of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run a.2.0.0
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Table 7 Detailed parameters summary for changing p plots of Run a.2.0.0

wvalue min max delta Qty of Points
EO 1.V/m - -
HO 0.00265258 A/m = =
A 0.019986m - - - -
Frequency 1.50105x10° Hz - - - -
a 0.002 A - - - -
b 2. X = = = =
pl 1.998 A = = = =
P2 2. A - - - -
P range - 1.7982 A[12. 1|0.0185825 A 550
¢ (observed) 37. Deg - - - -
z (observed) 0.25a&&0.0005 - - - -
Matching Points - - - - 7
61 55. Deg - - - -
oi 37. Deg - - - -
n - -3 3 1 i
15 - 0 0 i 1.
m = 0 0 I 1
max allowable m 0.004 - - - -
max allowable 1 0.8537 - - - -
Boundary Boundary a - - - -

E, TM+TE Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
0.30- i

Vim

plA

Figure 7-30 XY Plot of Scattered Field Amplitude Only, for Ez, of the Smooth Cylinder TM + TE mode and
Corrugated Cylinder hybrid mode for Run a.2.0.0
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Figure 7-31 XY Plot of Scattered + Incident Field Amplitude, for Ez, of the Smooth Cylinder TM + TE

mode and Corrugated Cylinder hybrid mode for Run a.2.0.0
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Figure 7-32 XY Plot of Scattered Field Amplitude Only, for Ep, of the Smooth Cylinder TM + TE mode and

Corrugated Cylinder hybrid mode for Run a.2.0.0
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E; TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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Figure 7-34 XY Plot of Scattered Field Amplitude Only, for Egp, of the Smooth Cylinder TM + TE mode and

Corrugated Cylinder hybrid mode for Run a.2.0.0



Ey TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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Figure 7-35 XY Plot of Scattered + Incident Field Amplitude, for Ep, of the Smooth Cylinder TM + TE
mode and Corrugated Cylinder hybrid mode for Run a.2.0.0
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Figure 7-36 XY Plot of Scattered Field Amplitude Only, for Etow, of the Smooth Cylinder TM + TE mode
and Corrugated Cylinder hybrid mode for Run a.2.0.0
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otal TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, ——

Wwip

S

12

10

plA

Figure 7-37 XY Plot of Scattered + Incident Field Amplitude, for Eroa, of the Smooth Cylinder TM + TE

mode and Corrugated Cylinder hybrid mode for Run a.2.0.0
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7.5.3 Runa.0.1.0.0 (b=0.1A, a=b*.001, p2=0.1A, m=0)

Table 8 Detailed parameters summary for changing ¢ plots of Run a.0.1.0.0

value min max delta Qty of Points

EO 1.V/m - - - -

HO 0.00265258 A/m - - - -

A 1.50105x10'" Hz - - - -
Frequency 0.019986m - - - -
a 0.0001 X - - - -

b 0.1X - - - -

pl 0.0999 A = = = =

p2 0.1 - - - -

¢ range - 0.327273 Deg|359.673 Deg|0.654545 Deg 550

p (cbserved) 1. - - -

z (observed) 0.25a &&0.000025 X
Matching Points -

oi 55. Deg - - = e

¢i 37. Deg ™ = = -

n = =3 3 il 7

it - 0 0 1 1

m = 0 0 i 1

max allowable m 0.0002 - - - =
max allowable 1 0.042685 - - - -
Boundary Boundary a N - - =

E, TM+TE RCS (dBsmj) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)

1

Figure 7-38 Polar Plot form of RCS dBsm for Ez of the Smooth Cylinder TM + TE modes and Corrugated
Cylinder hybrid mode for Run a.0.1.0.0
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E, TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)

Figure 7-39 Polar Plot form of RCS dBsm for Ep of the Smooth Cylinder TM + TE modes and Corrugated
Cylinder hybrid mode for Run a.0.1.0.0

Ey TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)

Figure 7-40 Polar Plot form of RCS dBsm for Eg of the Smooth Cylinder TM + TE modes and Corrugated
Cylinder hybrid mode for Run a.0.1.0.0
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Etotss TM+TE RCS (dBsm) Smooth Cylinder (Blue

) vs Corrugated Cylinder (Red, --)

Figure 7-41 Polar Plot form of RCS dBsm for ETotal of the Smooth Cylinder TM + TE mode and
Corrugated Cylinder hybrid mode for Run a.0.1.0.0

E, TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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Figure 7-42 XY Plot form of RCS dBsm for Ez of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run a.0.1.0.0
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E, TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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Figure 7-43 XY Plot form of RCS dBsm for Ep of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run a.0.1.0.0

E; TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)

RCS (dBsm)

3 4 5 @
¢

Figure 7-44 XY Plot form of RCS dBsm for Eg of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run a.0.1.0.0
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Erotal TM+TE RCS

(dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —)
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Figure 7-45 XY Plot form of RCS dBsm for Ery of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run a.0.1.0.0
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Table 9 Detailed parameters summary for changing p plots of Run a.0.1.0.0

value min max delta Qty of Points
EO 1.V/m - -
HO 0.00265258 A/m - -
A 0.019986m - - - -
Frequency 1.50105x10° Hz - - - -
a 0.0001 2 - - - -
b 0.12 - - - -
pl 0.0999 A - - - -
02 0.LX = = = =
P range - 0.089%91 A[10.1 A[0.0182333 2 550
¢ (observed) 37. Deg - -

z (observed) 0.25a&&0.000025 A

Matching Peoints - - - - 7
o1 55. Deg - - - -
¢i 37. Deg - - - -
n - -3 3 1. 7
2k - 0 0 I 1
m = 0 0 I 1

max allowable m 0.0002 - - - -

max allowable 1 0.042685 - - - -
Boundary Boundary a - - - -

E, TM+TE Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, --)

Vim

plA

Figure 7-46 XY Plot of Scattered Field Amplitude Only, for Ez, of the Smooth Cylinder TM + TE mode and
Corrugated Cylinder hybrid mode for Run a.0.10.0.0
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Figure 7-47 XY Plot of Scattered + Incident Field Amplitude Only, for Ep, of the Smooth Cylinder TM +
TE mode and Corrugated Cylinder hybrid mode for Run a.0.10.0.0

E, TM+TE Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)

3

prA

Figure 7-48 XY Plot of Scattered Field Amplitude Only, for Ep, of the Smooth Cylinder TM + TE mode and
Corrugated Cylinder hybrid mode for Run a.0.10.0.0
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E, TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
1.2 ' ' ' ' 3

Vim
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Figure 7-49 XY Plot of Scattered + Incident Field Amplitude Only, for Ep, of the Smooth Cylinder TM +
TE mode and Corrugated Cylinder hybrid mode for Run a.0.10.0.0
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Figure 7-50 XY Plot of Scattered Field Amplitude Only, for Ep, of the Smooth Cylinder TM + TE mode and
Corrugated Cylinder hybrid mode for Run a.0.10.0.0
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Ey TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —)

Vim
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plA

Figure 7-51 XY Plot of Scattered + Incident Field Amplitude Only, for Ep, of the Smooth Cylinder TM +
TE mode and Corrugated Cylinder hybrid mode for Run a.0.10.0.0

Etgial TM+TE Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)

Yim

plA

Figure 7-52 XY Plot of Scattered Field Amplitude Only, for Erow, of the Smooth Cylinder TM + TE mode
and Corrugated Cylinder hybrid mode for Run a.0.10.0.0
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Srotal TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, ——

1.2 i 1

Vim

plA

Figure 7-53 XY Plot of Scattered + Incident Field Amplitude Only, for Etowi, of the Smooth Cylinder TM +
TE mode and Corrugated Cylinder hybrid mode for Run a.0.10.0.0

7.5.4  Run b.20.0.0 (b=204, a=b*.001, p2=20A, m=0)

Table 10 Detailed parameters summary for changing ¢ plots of Run b.20.0.0

value min max delta Qty of Points
EO 1.V/m - = = =
HO 0.00265258 A/m - - = =
A 1.50105x10'° Hz - - - =
Frequency 0.019986m - - = =
a 0.02 A - - = =
b 20. A - - = =
Pl 19.98 A = - = _
p2 20. A - - - =
¢ range - 0.327273 Deqg|359.673 Deg |0.654545 Deg 550
p (observed) 200. A - -

z (observed) 500.5a &&10.01 2

Matching Points - - - = 7
61 55. Deg - - - =
¢i 37. Deg - = = =

n S -3 3 1 7]

at - 0 0 1 i1

m = 0 0 1 i

max allowable m 0.04 - - - =
max allowable 1 8.537 - - - =
Boundary Boundary b = - - E
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E, TM+TE RCS (dBsmj) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)

Figure 7-54 Polar Plot form of RCS dBsm for Ez of the Smooth Cylinder TM + TE modes and Corrugated
Cylinder hybrid mode for Run b.20.0.0

E, TM+TE RCS (dBsm) Smaath Cylinder (Blue) vs Cornugated Cylinder (Red, -}

Figure 7-55 Polar Plot form of RCS dBsm for Ep of the Smooth Cylinder TM + TE modes and Corrugated
Cylinder hybrid mode for Run b.20.0.0
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E; TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)

Figure 7-56 Polar Plot form of RCS dBsm for Eg of the Smooth Cylinder TM + TE modes and Corrugated
Cylinder hybrid mode for Run b.20.0.0

Erqrs TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, --)

Figure 7-57 Polar Plot form of RCS dBsm for Erowu of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run b.20.0.0
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E, TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, --)
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Figure 7-58 XY Plot form of RCS dBsm for Ez of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run b.20.0.0
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Figure 7-59 XY Plot form of RCS dBsm for E, of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run b.20.0.0
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E; TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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Figure 7-60 XY Plot form of RCS dBsm for Eg of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run b.20.0.0
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Figure 7-61 XY Plot form of RCS dBsm for Ero of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run b.20.0.0
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Table 11 Detailed parameters summary for changing p plots of Run b.20.0.0

wvalue min max delta Qty of Points
EO 1.V/m - -
HO 0.00265258 A/m = =
A 0.019986m - - - -
Frequency 1.50105x10° Hz - - - -
a 0.02 2 - - - -
b 20. A = = = =
pl 19.98 A = = = =
P2 20. 2 - - - -
P range - 17.982 X[30. A[{0.0218907 A 550
¢ (observed) 37. Deg - - - -
z (observed) 500.5a&&10.01 A - - - -
Matching Points - - - - 7
61 55. Deg - - - -
oi 37. Deg - - - -
n - -3 3 1 i
15 - 0 0 i 1.
m = 0 0 I 1
max allowable m 0.04 - - - -
max allowable 1 8.537 - - - -
Boundary Boundary b - - - -

E, TM+TE Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)

0.05- -

Vim

0.00 L M . N S T T . M
18 20 22 24 26 28 30

plA

Figure 7-62 XY Plot of Scattered Field Amplitude Only, for Ez, of the Smooth Cylinder TM + TE mode and
Corrugated Cylinder hybrid mode for Run b.20.0.0
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E; TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, --)
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Figure 7-63 XY Plot of Scattered + Incident Field Amplitude, for Ez, of the Smooth Cylinder TM + TE
mode and Corrugated Cylinder hybrid mode for Run b.20.0.0
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Figure 7-64 XY Plot of Scattered Field Amplitude Only, for Ep, of the Smooth Cylinder TM + TE mode and
Corrugated Cylinder hybrid mode for Run b.20.0.0
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E; TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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Figure 7-66 XY Plot of Scattered Field Amplitude Only, for Ep, of the Smooth Cylinder TM + TE mode and
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Corrugated Cylinder hybrid mode for Run b.20.0.0



Es TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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Figure 7-67 XY Plot of Scattered + Incident Field Amplitude, for Ep, of the Smooth Cylinder TM + TE
mode and Corrugated Cylinder hybrid mode for Run b.20.0.0
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Figure 7-68 XY Plot of Scattered Field Amplitude Only, for Etow, of the Smooth Cylinder TM + TE mode
and Corrugated Cylinder hybrid mode for Run b.20.0.0
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Figure 7-69 XY Plot of Scattered + Incident Field Amplitude, for Eroa, of the Smooth Cylinder TM + TE

mode and Corrugated Cylinder hybrid mode for Run b.20.0.0
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7.5.5

Run b.2.0.0 (b=24, a=b*.001, p2=21, m=0)

Table 12 Detailed parameters summary for changing ¢ plots of Run b.2.0.0

value min max delta Oty of Points

E0 1.V/m - - - -

HO 0.00265258 A/m i - N -

A 1.50105x10%° Hz - - - -

Fregquency 0.019986 m - - - -

a 0.002 A - . . =

b 2.2 = = = =

pl 1.998 A - = e -

p2 D - - — -

¢ range = 0.327273Deg |(359.673 Deg (0.654545 Deg 550

p (observed) 20. A - - - -

z (observed) 500.5a &&1.001 A - -
Matching Points - = = =

i 55. Deg =

gi 37. Deg - - - -

n = -3 3 1 i)

1 & 0 0 1 1

m & 0 0 E | 1

max allowable m 0.004 = = = =

max allowable 1 0.8537 = = = S

Boundary Boundary b = = = S

5 H 75

L i e e

Figure 7-70 Polar Plot form of RCS dBsm for Ez of the Smooth Cylinder TM + TE modes and Corrugated
Cylinder hybrid mode for Run b.2.0.0
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E; TM+TE RCS (dB=m) Smooth Cylinder {Blug) vs Corrugated Cylinder (Red, —)

Figure 7-71 Polar Plot form of RCS dBsm for Ep of the Smooth Cylinder TM + TE modes and Corrugated
Cylinder hybrid mode for Run b.2.0.0

Figure 7-72 Polar Plot form of RCS dBsm for Eg of the Smooth Cylinder TM + TE modes and Corrugated
Cylinder hybrid mode for Run b.2.0.0
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Figure 7-73 Polar Plot form of RCS dBsm for ETotal of the Smooth Cylinder TM + TE mode and
Corrugated Cylinder hybrid mode for Run b.2.0.0

E, TM+TE RCS {(dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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Figure 7-74 XY Plot form of RCS dBsm for Ez of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run b.2.0.0
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Figure 7-75 XY Plot form of RCS dBsm for Ep of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run b.2.0.0
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Figure 7-76 XY Plot form of RCS dBsm for Eg of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run b.2.0.0
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Ergtar TM+TE RCS (dBsm) Smooth Cylinder {Blue) vs Corrugated Cylinder {Red, ——)
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Figure 7-77 XY Plot form of RCS dBsm for ETotal of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run b.2.0.0
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Table 13 Detailed parameters summary for changing p plots of Run b.2.0.0

value min max delta Oty of Points
EO0 1.V/m - - - -
HO 0.00265258 A/m . = = =
A 0.019986 m - - - -
Frequency 1.50105%x10%° Hz - - - -
a 0.002 A - - - -
b 2.4 = - 3 =
Pl 1.998 A - - - -
02 2.4 - - - -
p range = 1.7982 A12. A[0.0185825 4 550
¢ (cbserved) 37. Deg - - - -
z (cbserved) 500.5a &&1.001 A4 - - -
Matching Points = = - 5 T
2i 55. Deg = e ZE =
@i 37. Deg - - - -
n - -3 3 1 T
1 - 0 [] 1 1
m = 0 [] 1 1
max allowable m 0.004 - . . .
max allowable 1 0.8537 - N - -
Boundary Boundary b - - - -

E; TM4+TE Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
0.30
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Vim
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T T T T T
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Figure 7-78 XY Plot of Scattered Field Amplitude Only, for Ez, of the Smooth Cylinder TM + TE mode and
Corrugated Cylinder hybrid mode for Run b.2.0.0
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E; TM4TE Inc + Scattered Smooth Cylinder [Blue) vs Corrugated Cylinder (Red, —-)
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Figure 7-79 XY Plot of Scattered + Incident Field Amplitude, for Ez, of the Smooth Cylinder TM + TE
mode and Corrugated Cylinder hybrid mode for Run b.2.0.0
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Figure 7-80 XY Plot of Scattered Field Amplitude Only, for Ep, of the Smooth Cylinder TM + TE mode and
Corrugated Cylinder hybrid mode for Run b.2.0.0
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E; TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —)
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Figure 7-81 XY Plot of Scattered + Incident Field Amplitude, for Ep, of the Smooth Cylinder TM + TE
mode and Corrugated Cylinder hybrid mode for Run b.2.0.0
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Figure 7-82 XY Plot of Scattered Field Amplitude Only, for Ep, of the Smooth Cylinder TM + TE mode and
Corrugated Cylinder hybrid mode for Run b.2.0.0
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E; TM+TE Inc + Scattered Smooth Cylinder {(Blue) vs Corrugated Cylinder (Red, —)
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Figure 7-83 XY Plot of Scattered + Incident Field Amplitude, for Ep, of the Smooth Cylinder TM + TE
mode and Corrugated Cylinder hybrid mode for Run b.2.0.0
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Figure 7-84 XY Plot of Scattered Field Amplitude Only, for Erow, of the Smooth Cylinder TM + TE mode
and Corrugated Cylinder hybrid mode for Run b.2.0.0
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Totat TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —
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Figure 7-85 XY Plot of Scattered + Incident Field Amplitude, for Eroa, of the Smooth Cylinder TM + TE

mode and Corrugated Cylinder hybrid mode for Run b.2.0.0
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7.5.6

Figure 7-86 Polar Plot form of RCS dBsm for Ez of the Smooth Cylinder TM + TE modes and Corrugated

Run b.0.1.0.0 (b=0.12, a=b*.001, p2=0.1A, m=0)

Table 14 Detailed parameters summary for changing ¢ plots of Run b.0.1.0.0

wvalue min max delta Oty of Points

E0 1. Vv/m - - - -

HO 0.00265258 A/m 2 - 3 -

A 1.50105x10%° H= - - - -

Frequency 0.019986m - - - -

a 0.0001 A = B = A

b 0.13 = o = =

ol 0.0999 X = = = =

p2 0.1X = = = =

¢ range = 0.327273Deg (359.673 Deg (0.654545 Deg 550

p (observed) T - - - -

z (observed) 500.5a && 0.05005 A - -
Matching Points = = = =

ei 55. Deg =

$i 37. Deg - - - -

n = -3 3 1 K

I = 0 0 ., 1

m = 0 0 . 1

max allowable m 0.0002 = = = =

max allowable 1 0.042685 = = = =

2 Boundary Boundary b - - - -

Cylinder hybrid mode for Run b.0.1.0.0
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E, TM+TE RCS (dBsm) Smeoth Cyldinder {Blue) vs Comugated Cylinder {Red, —)

Figure 7-87 Polar Plot form of RCS dBsm for Ep of the Smooth Cylinder TM + TE modes and Corrugated
Cylinder hybrid mode for Run b.0.1.0.0

Figure 7-88 Polar Plot form of RCS dBsm for E¢ of the Smooth Cylinder TM + TE modes and Corrugated
Cylinder hybrid mode for Run b.0.1.0.0
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Eteess TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —)

Figure 7-89 Polar Plot form of RCS dBsm for ETotal of the Smooth Cylinder TM + TE mode and
Corrugated Cylinder hybrid mode for Run b.0.1.0.0

E; TM+TE RCS {dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, ——)
-6+ II.I"""I'---....,I-

-22.0

-22.5

-23.0

RCS (dBEsm)

=-23.5

=-24.0

=

Figure 7-90 XY Plot form of RCS dBsm for Ez of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run b.0.1.0.0
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E, TM+TE RC5 (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)

-26F,

RCS [dBsm)

Figure 7-91 XY Plot form of RCS dBsm for Ep of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run b.0.1.0.0

Es TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, --)

RCS [dBsm)

L

Figure 7-92 XY Plot form of RCS dBsm for Eg of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run b.0.1.0.0
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Ergtat TM+TE RCS {dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, ——)

RCS [dBsm)

Figure 7-93 XY Plot form of RCS dBsm for Ero of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run b.0.1.0.0
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Table 15 Detailed parameters summary for changing p plots of Run b.0.1.0.0

value min max delta Oty of Points
EO0 1. V/m - - - -
HO 0.00265258 A/m i - - &
A 0.019986m - - - -
Frequency 1.50105x 10%° Hz - - - -
a 0.0001 A - - - -
b 0.1 - = = -
Pl 0.0999 A - - - -
p2 0.12 - - - -
p range = 0.08991 A[10.14(0.0182333 550
¢ (cbserved) 37. Deg - - - -
z (cbserved) 500.5a && 0.05005 A - -
Matching Points = - = = T
2i 55. Deg = - - o
@i 37. Deg - - - -
n - - 3 1 T
1 - [ [ 1 1
m = [ [] 1 1
max allowable m 0.0002 . . . -
max allowable 1 0.042685 = - - N
Boundary Boundary b - - - -

E; TM+TE Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder {Red, —-)

Vim

Figure 7-94 XY Plot of Scattered Field Amplitude Only, for Ez, of the Smooth Cylinder TM + TE mode and
Corrugated Cylinder hybrid mode for Run b.0.10.0.0
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E; TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
DIE— i X T T 5 T b T T b T T 5 T . T T b T I_

0.4

0.3

¥im

0.2H

04

0.0 1 L 1 1 1 L 1 1

plA

Figure 7-95 XY Plot of Scattered + Incident Field Amplitude Only, for Ez, of the Smooth Cylinder TM +
TE mode and Corrugated Cylinder hybrid mode for Run b.0.10.0.0

E, TM+TE Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)

Vim

Figure 7-96 XY Plot of Scattered Field Amplitude Only, for Ep, of the Smooth Cylinder TM + TE mode and
Corrugated Cylinder hybrid mode for Run b.0.10.0.0
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E, TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)

1.5k e

Figure 7-97 XY Plot of Scattered + Incident Field Amplitude Only, for Ep, of the Smooth Cylinder TM +
TE mode and Corrugated Cylinder hybrid mode for Run b.0.10.0.0

Es TM+TE 5Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, ——)
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plA

Figure 7-98 XY Plot of Scattered Field Amplitude Only, for Ep, of the Smooth Cylinder TM + TE mode and
Corrugated Cylinder hybrid mode for Run b.0.10.0.0

119



E; TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)

0.4} A .

ﬂlﬂ " 1 1 1 1 L 1 1 1 1 L 1 1 1 1 1 L 1 1 I-

plA

Figure 7-99 XY Plot of Scattered + Incident Field Amplitude Only, for Ep, of the Smooth Cylinder TM +
TE mode and Corrugated Cylinder hybrid mode for Run b.0.10.0.0

Etotat TM+TE Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)

Yim

1|

pIA

Figure 7-100 XY Plot of Scattered Field Amplitude Only, for Etowai, of the Smooth Cylinder TM + TE mode
and Corrugated Cylinder hybrid mode for Run b.0.10.0.0
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Totat TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —

Ho b

1.5},

Yim

Figure 7-101 XY Plot of Scattered + Incident Field Amplitude Only, for ETotal, of the Smooth Cylinder TM
+ TE mode and Corrugated Cylinder hybrid mode for Run b.0.10.0.0

7.5.7  Run a_plus_b.20.0.0 (b=204, a=b*.001, p2=20A, m=0)

Table 16 Detailed parameters summary for changing ¢ plots of Run a_plus_b.20.0.0

value min max delta Qty of Points
EO 1.V/m - = _ =
HO 0.00265258 A/m - = = _
P 1.50105x10% Hz - - - -
Frequency 0.019986m - - = =
a 0.02Ax - = = =
b 20. A - - = =
Pl 19.98 2 - - = =
p2 20. A - - = =
¢ range - 0.327273 Deg |359.673 Deg |0.654545 Deg 550
p (observed) 200. 2 - - - =
z (observed) 0.25a&&0.0052 - - = =
Matching Points - - - = 7
ei 55. Deg - - - =
@i 37. Deg - = = =
n - -3 3 1 7
1 - 0 0 1 1
m - 0 0 1 1
max allowable m 0.04 - = = =
max allowable 1 8.537 - - - =
Boundary Boundary a+b - - - =
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E; TM+TE RCS (dBsm) Smooth Cylinder (Blug) vs Corrugated Cylinder (Red. =-)

Figure 7-102 Polar Plot form of RCS dBsm for Ez of the Smooth Cylinder TM + TE modes and Corrugated
Cylinder hybrid mode for Run a_plus_b.20.0.0

E, TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, --)

Figure 7-103 Polar Plot form of RCS dBsm for Ep of the Smooth Cylinder TM + TE modes and Corrugated
Cylinder hybrid mode for Run a_plus_b.20.0.0
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Eg TM+TE RCS (dBsm) Smooth Cylinder (Blug) vs Corrugated Cylinder (Red, --)

270

Figure 7-104 Polar Plot form of RCS dBsm for E¢ of the Smooth Cylinder TM + TE modes and Corrugated
Cylinder hybrid mode for Run a_plus_b.20.0.0

Evstal TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, --)

\
| =t S S U —

Figure 7-105 Polar Plot form of RCS dBsm for Eroia of the Smooth Cylinder TM + TE mode and
Corrugated Cylinder hybrid mode for Run a_plus_b.20.0.0
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E, TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)

30+

)
o

RCS (dBsm)

=y
o
T

0 1 2 3 4 5 6
¢

Figure 7-106 XY Plot form of RCS dBsm for Ez of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run a_plus_b.20.0.0

E, TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)

-
.

RCS (dBsm)

0 1 2 3 4 5 6
L

Figure 7-107 XY Plot form of RCS dBsm for E, of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run a_plus_b.20.0.0
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E; TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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Figure 7-108 XY Plot form of RCS dBsm for Ep of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run a_plus_b.20.0.0
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Figure 7-109 XY Plot form of RCS dBsm for Erow of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run a_plus_b.20.0.0
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Table 17 Detailed parameters summary for changing p plots of Run a_plus_b.20.0.0

value min max delta Qty of Points

EO 1.V/m - - - -

HO 0.00265258 A/m - - - -

A 0.019%86m - - - -
Frequency 1.50105x10%° Hz - L - L
a 0.02 A - - - -

b 20. A - - - -

pl 19.98 2 - - - -

P2 20. A - - - -

p range - 17.982 A [30. A[0.0218907 A 550

¢ (observed) 37.Deg - = = —

z (cbserved) 0.25a&&0.005 2 - - =

Matching Points - - - - 7
el 55. Deg - - - -

o1 37. Deg - - - -

n - -3 3 1 7

a5 - ['] 0 1 1

m - 0 0 1 b

max allowable m 0.04 - - - -
max allowable 1 8.537 - - - -
Boundary Boundary a+b - - - -

E, TM+TE Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)

0.08

Vim

0.06

0.04

0.02

0.00
18

Figure 7-110 XY Plot of Scattered Field Amplitude Only, for Ez, of the Smooth Cylinder TM + TE mode
and Corrugated Cylinder hybrid mode for Run a_plus_b.20.0.0
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E, TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
0.14 ; - iAo - - —

0.12+
0.10 AN\

0.08+

Vim
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UUU 1 1 1 s 1 !
18 20 22 24 26 28 30
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Figure 7-111 XY Plot of Scattered + Incident Field Amplitude, for Ez, of the Smooth Cylinder TM + TE
mode and Corrugated Cylinder hybrid mode for Run a_plus_b.20.0.0

E, TM+TE Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, --)

iy

+

0.08

0.06 -

Vim

0.04+

0.02+

0.00
18

PIA

Figure 7-112 XY Plot of Scattered Field Amplitude Only, for Ep, of the Smooth Cylinder TM + TE mode
and Corrugated Cylinder hybrid mode for Run a_plus_b.20.0.0
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Vim
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0.08}

0.06}

0.04}

0.02}

0.00

E, TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)

18

20 22 24 26 28 30
PIA

Figure 7-113 XY Plot of Scattered + Incident Field Amplitude, for Ep, of the Smooth Cylinder TM + TE
mode and Corrugated Cylinder hybrid mode for Run a_plus_b.20.0.0

Vim

0.10+

0.08+

0.06 -

0.04}

0.02+

0.00

E; TM+TE Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)

------------------

20 22 24 26 28 30
PIA

Figure 7-114 XY Plot of Scattered Field Amplitude Only, for Ep, of the Smooth Cylinder TM + TE mode
and Corrugated Cylinder hybrid mode for Run a_plus_b.20.0.0
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E; TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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30
Figure 7-115 XY Plot of Scattered + Incident Field Amplitude, for Eg, of the Smooth Cylinder TM + TE
mode and Corrugated Cylinder hybrid mode for Run a_plus_b.20.0.0
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Figure 7-116 XY Plot of Scattered Field Amplitude Only, for Etowai, of the Smooth Cylinder TM + TE mode
and Corrugated Cylinder hybrid mode for Run a_plus_b.20.0.0
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Etota TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, --)
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Figure 7-117 XY Plot of Scattered + Incident Field Amplitude, for Etowai, of the Smooth Cylinder TM + TE
mode and Corrugated Cylinder hybrid mode for Run a_plus_b.20.0.0
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7.5.8 Run a_plus_b.2.0.0 (b=2A, a=b*.001, p2=2A, m=0)

Table 18 Detailed parameters summary for changing ¢ plots of Run a_plus_b.2.0.0

value min max delta Qty of Points

EOQ 1.V/m - - = =

HO 0.00265258 A/m - - = =

A 1.50105x10'° Hz = - = =
Frequency 0.019986m - - = =
a 0.002 2 - - - -

b 2. A - - - -

el 1.9982 - - - -

p2 2:A - = = -

¢ range = 0.327273 Deg |359.673 Deg |0.654545 Deg 550

e (observed) 20. A - - = -

z (observed) 0.25a &&£0.00052 - - = —
Matching Points - -

ei 55. Deg - = =
@i 37. Deg - - - =
n - -3 3 1 7
1 - 0 0 1 1
m - 0 0 1 1
max allowable m 0.004 - - = =
max allowable 1 0.8537 - - = =
Boundary Boundary a+b - - = =

E; TM+TE RCS (dBsm) Smooth Cylinder (Blug) vs Corrugated Cylinder (Red. =-)

Figure 7-118 Polar Plot form of RCS dBsm for Ez of the Smooth Cylinder TM + TE modes and Corrugated
Cylinder hybrid mode for Run a_plus_b.2.0.0
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E, TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, --)

Figure 7-119 Polar Plot form of RCS dBsm for Ep of the Smooth Cylinder TM + TE modes and Corrugated
Cylinder hybrid mode for Run a_plus_b.2.0.0

Eg TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, --)

Figure 7-120 Polar Plot form of RCS dBsm for Ep of the Smooth Cylinder TM + TE modes and Corrugated
Cylinder hybrid mode for Run a_plus_b.2.0.0
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Ergial TU-TE RCS (dBsm) Smooth Cylinder (Blug) vs Corrugated Cylinder (Red, --)

Figure 7-121 Polar Plot form of RCS dBsm for ETotal of the Smooth Cylinder TM + TE mode and
Corrugated Cylinder hybrid mode for Run a_plus_b.2.0.0

E, TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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$

Figure 7-122 XY Plot form of RCS dBsm for Ez of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run a_plus_b.2.0.0
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E, TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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RCS (dBsm})
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Figure 7-123 XY Plot form of RCS dBsm for Ep of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run a_plus_b.2.0.0

E; TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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Figure 7-124 XY Plot form of RCS dBsm for Ep of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run a_plus_b.2.0.0
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Etota TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)

RCS (dBsm})
1
t

=10}

Figure 7-125 XY Plot form of RCS dBsm for ETotal of the Smooth Cylinder TM + TE mode and
Corrugated Cylinder hybrid mode for Run a_plus_b.2.0.0
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Table 19 Detailed parameters summary for changing p plots of Run a_plus_b.2.0.0

value min max delta Qty of Points

EOQ0 1.V/m - - - -

HO 0.00265258A/m - - - -

A 0.019986m - - - -
Frequency 1.50105x10%° Hz = = - =
a 0.002 A - - - -

b 2. A - - - -

pl 1.998 A - - - -

02 2. A - - - -

p range - 1.7982 A[12. A[0.0185825 A 550

¢ (observed) 37. Deg = = = =

z (observed) [0.25a&&0.00052 - - - =

Matching Points - - - - 7
ei 55. Deg - - - -

i 37. Deg - - - -

n - - 3 1 7

1 - 0 0 1 1

m - 0 0 1 I

max allowable m 0.004 - - - -
max allowable 1 0.8537 - - - -
Boundary Boundary a+b - - - -

E, TM+TE Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
012+ - - \ - s

0.10
0.08

0.06

Vim

0.04

0.02

PIA

Figure 7-126 XY Plot of Scattered Field Amplitude Only, for Ez, of the Smooth Cylinder TM + TE mode
and Corrugated Cylinder hybrid mode for Run a_plus_b.2.0.0
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E, TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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Figure 7-127 XY Plot of Scattered + Incident Field Amplitude, for Ez, of the Smooth Cylinder TM + TE
mode and Corrugated Cylinder hybrid mode for Run a_plus_b.2.0.0

E, TM+TE Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, --)
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Figure 7-128 XY Plot of Scattered Field Amplitude Only, for Ep, of the Smooth Cylinder TM + TE mode
and Corrugated Cylinder hybrid mode for Run a_plus_b.2.0.0
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E, TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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Figure 7-129 XY Plot of Scattered + Incident Field Amplitude, for Ep, of the Smooth Cylinder TM + TE
mode and Corrugated Cylinder hybrid mode for Run a_plus_b.2.0.0

E; TM+TE Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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Figure 7-130 XY Plot of Scattered Field Amplitude Only, for Ep, of the Smooth Cylinder TM + TE mode
and Corrugated Cylinder hybrid mode for Run a_plus_b.2.0.0
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E; TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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Figure 7-131 XY Plot of Scattered + Incident Field Amplitude, for Ep, of the Smooth Cylinder TM + TE
mode and Corrugated Cylinder hybrid mode for Run a_plus_b.2.0.0

Etotas TM+TE Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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Figure 7-132 XY Plot of Scattered Field Amplitude Only, for Etowai, of the Smooth Cylinder TM + TE mode
and Corrugated Cylinder hybrid mode for Run a_plus_b.2.0.0
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E+otat TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cyllinder (Red, —-)
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Figure 7-133 XY Plot of Scattered + Incident Field Amplitude, for Etowai, of the Smooth Cylinder TM + TE
mode and Corrugated Cylinder hybrid mode for Run a_plus_b.2.0.0
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7.5.9  Runa_plus_b.0.1.0.0 (b=0.12, a=b*.001, p2=0.1A, m=0)

Table 20 Detailed parameters summary for changing ¢ plots of Run a_plus_b.0.1.0.0

value min max delta Oty of Points

EO 1.V/m - - = -

HO 0.00265258 A/m - - - -

A 1.50105x10'° Hz - = = =
Frequency 0.019986m - - B =
a 0.0001 A - - - -

b 0.1 - - - -

el 0.099% 2 - - - -

p2 0.1x - = = =

¢ range = 0.327273 Deg |359.673 Deg |0.654545 Deg 550

p (cbserved) 1.2 - N -

Z (observed) 0.25a &£ 0.000025 &
Matching Points -

i 55. Deg - - =
$i 37. Deg - - = =
= = -3 3 3 7
il - 0 0 1 1
m - 0 0 1 1
max allowable m 0.0002 - - = =
max allowable 1 0.042685 - - = =
Boundary Boundary a+b - - = =

E; TM+TE RCS (dBsm) Smooth Cylinder (Blug) vs Corrugated Cylinder (Red. =-)

Crrrarrr i aa et
0. 5. 0. 15

Figure 7-134 Polar Plot form of RCS dBsm for Ez of the Smooth Cylinder TM + TE modes and Corrugated
Cylinder hybrid mode for Run a_plus_b.0.1.0.0
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E, TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, --)

270

Figure 7-135 Polar Plot form of RCS dBsm for Ep of the Smooth Cylinder TM + TE modes and Corrugated
Cylinder hybrid mode for Run a_plus_b.0.1.0.0

Eg TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, --)

Figure 7-136 Polar Plot form of RCS dBsm for Ep of the Smooth Cylinder TM + TE modes and Corrugated
Cylinder hybrid mode for Run a_plus_b.0.1.0.0
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Ergial TU-TE RCS (dBsm) Smooth Cylinder (Blug) vs Corrugated Cylinder (Red, --)

Figure 7-137 Polar Plot form of RCS dBsm for ETotal of the Smooth Cylinder TM + TE mode and
Corrugated Cylinder hybrid mode for Run a_plus_b.0.1.0.0

E, TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, --)

=16}

=18}

RCS (dBsm)
i
o

Figure 7-138 XY Plot form of RCS dBsm for Ez of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run a_plus_b.0.1.0.0
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E, TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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Figure 7-139 XY Plot form of RCS dBsm for Ep of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run a_plus_b.0.1.0.0

E; TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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Figure 7-140 XY Plot form of RCS dBsm for Ep of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run a_plus_b.0.1.0.0
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Etotas TM+TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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Figure 7-141 XY Plot form of RCS dBsm for Erow of the Smooth Cylinder TM + TE mode and Corrugated
Cylinder hybrid mode for Run a_plus_b.0.1.0.0
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Table 21 Detailed parameters summary for changing p plots of Run a_plus_b.0.1.0.0

value min max delta Qty of Points
EO 1.V/m - - -
HO 0.00265258 A/m - - -
A 0.019986m - - - -
Frequency 1.50105x10%° Hz = = - =
a 0.0001 A - - - -
b UL - - - -
pl 0.0999 A - - - -
P2 0.1 - - - -
p range - 0.089911(10.1(0.0182333 A 550
¢ (observed) 37. Deg = = = =

z (observed) 0.25a && 0.000025 A - - -

Matching Points - - - ]
el 55. Deg - - - -

o1 37. Deg - - - -

n - -3 3 1 7

ik - 0 0 a1 1

m - 0 0 1 I

max allowable m 0.0002 - - - -
max allowable 1 0.042685 - - - -
Boundary Boundary a+b - - - -

E, TM+TE Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)

Vim

0.3} . . 1

0.2} 1

0.1f 1

0.0 ' ' ' ' '

plA

Figure 7-142 XY Plot of Scattered Field Amplitude Only, for Ez, of the Smooth Cylinder TM + TE mode
and Corrugated Cylinder hybrid mode for Run a_plus_b.0.10.0.0
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E, TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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Figure 7-143 XY Plot of Scattered + Incident Field Amplitude Only, for Ez, of the Smooth Cylinder TM +
TE mode and Corrugated Cylinder hybrid mode for Run a_plus_b.0.10.0.0
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Figure 7-144 XY Plot of Scattered Field Amplitude Only, for Ep, of the Smooth Cylinder TM + TE mode
and Corrugated Cylinder hybrid mode for Run a_plus_b.0.10.0.0
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E, TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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Figure 7-145 XY Plot of Scattered + Incident Field Amplitude Only, for Ep, of the Smooth Cylinder TM +
TE mode and Corrugated Cylinder hybrid mode for Run a_plus_b.0.10.0.0

E; TM+TE Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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Figure 7-146 XY Plot of Scattered Field Amplitude Only, for Ep, of the Smooth Cylinder TM + TE mode
and Corrugated Cylinder hybrid mode for Run a_plus_b.0.10.0.0
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E; TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
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Figure 7-147 XY Plot of Scattered + Incident Field Amplitude Only, for Eg, of the Smooth Cylinder TM +
TE mode and Corrugated Cylinder hybrid mode for Run a_plus_b.0.10.0.0
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Figure 7-148 XY Plot of Scattered Field Amplitude Only, for Etowai, of the Smooth Cylinder TM + TE mode
and Corrugated Cylinder hybrid mode for Run a_plus_b.0.10.0.0
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Etotai TM+TE Inc + Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, --)
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Figure 7-149 XY Plot of Scattered + Incident Field Amplitude Only, for ETotal, of the Smooth Cylinder TM
+ TE mode and Corrugated Cylinder hybrid mode for Run a_plus_b.0.10.0.0

7.5.10 Comparison to Other Corrugated Cylinder Methods

Table 22 Detailed parameters summary for changing ¢ plots of Run a_plus_b.compare

value min max delta Qty of Points
EQ 1.V/m - - - -
HO 2.65258x1077 A/m - = = o
A 1.50105x10%° Hz = = - =
Frequency 0.019986m - - - -
a Ovd A - - = =
b 0.12 - = = =
Pl 0.4 - - - =
p2 0.5 - - = =
¢ range - 0.327273 Deg |359.673Deg |0.654545 Deg 550
p (observed) 10 A - - - =
z (observed) 0.25a&&0.052 - - -
Matching Points - - - = 7
61 85. Deg - - - -
¢i 0.01Deg - - = =
n - -3 3 x T
L - 0 0 1 1
m - 0 0 3 1
max allowable m 0.4 - = . =
max allowable 1 0.273853 - - - =
Boundary Boundary a+b - - - -
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Cross-Polar Corr. Cyl. 0,4/A0 (dB) Paper (Red, --) vs FEM (Green, |[) vs MoM (Elue)
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?

0.0

Figure 7-150 XY Plot form of Cross-Polar Corrugated Cylinder ogo/20 (dB) for Run a_plus_b.Compared
with results of the finite element method (FEM) and method of moments (MoM) from [27]

7.5.11 Varied Dielectric Constant with Comparisons
The scattered axial field (E; for TM; mode) vs ¢ is plotted below in Figure 7-151
for several cases of interest with a varying dielectric constant, €., where &; is selected to

be a real value only. It is evident that the corrugated cylinder with dielectric loading has a

generally reduced scattered field compared to the smooth cylinder.

() (b) (c)

Figure 7-151 Comparison of scattered axial fields of a smooth cylinder (solid line) with the corrugated
cylinder (dotted line) with lossless dielectric loading of dielectric constant: e,=1 a) €,=4; b) &:=9; c)
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Now, the case of lossy dielectric loading (¢; is a complex value) is examined with
results of the scattered axial field (E, for TM; mode) vs ¢ is plotted below in Figure

7-152 for several cases. &;.

(a) (b) ()

Figure 7-152 Axial scattered fields of a smooth cylinder (solid line) and corrugated cylinder (dotted line) with lossy
dielectric loading. Dielectric constants: a) e,=4 —jI; b) £,=6.29; ¢) €,=6.29 — j1.73

It is evident that a complex permittivity yields a generally smaller scattered field. The
dielectric constants in (b) and (c) were chosen to correspond to those found in [33]. These
results can also be found in [34] with some additional discussion.
7.6 Conclusions

This dissertation presented an alternate method to calculate the scattered field of a
corrugated cylinder. The method of utilizing a hybrid mode of TM; and TE, with a radial
waveguide representation of the corrugation was demonstrated.

In the comparison between the periodic corrugated cylinder model from this
research and the model of a smooth cylinder, there was a lot of agreement between the
fields of both models with the exception of the E; fields. There are a few reasons for this:

] This technique is an approximation and as such, will have errors
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'] More specifically, the corrugated cylinder is approximated to a smooth
cylinder, by shrinking the ‘a’ dimension, though not eliminated, so there
will be some artifacts that make it different than a smooth cylinder

'] Also, the cross-polarization nature of the problem allows fields to manifest
themselves between TE and TM modes

What’s important to note is what the limitations are and what the capabilities are of a
given method, to know when to best apply it or to seek an alternative method.

Overall, good agreement was attained between the periodic corrugated cylinder
model from this research and the model of a smooth cylinder, for small corrugation
openings approximating a smooth cylinder, where the relative dimensions of the
corrugated cylinder where much greater than A (optical region as indicated in Figure 7-1).
There was some agreement in this same comparison at the Rayleigh scattering region,
where the relative dimensions of the corrugated cylinder where much less than A. There
was also good agreement attained between the periodic corrugated model of this research
when compared to the referenced periodic corrugated cylinder FEM and MoM
techniques, which was modeled in the Rayleigh scattering region.

It is concluded that the techniques discussed in this dissertation is most suitable
for the optical region, where the A of interest is much smaller than the dimensions of the
periodic corrugated cylinder of interest. Also, from the results when compared to the
FEM and MoM techniques, it is concluded that the Rayleigh scattering region, where the
A of interest is much larger than the dimensions of the periodic corrugated cylinder of

interest, is suitable for the technique presented in this research.
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7.7

Open Questions for Future Research

There were limitations discovered of the presented method that merits future

research. Many challenges were faced, especially in the numerical solving of the

unknown expansion coefficients which could benefit from improved methods. Also, there

were many techniques that were investigated but not implemented. Here is a list of future

work that can enhance or build on this research:

0

0

Improve or replace the computationally expensive loop solve method.

Summation truncation using the symmetry of the summation as in [12, p. 603].
Using Poisson’s sum formula to reduce any of the infinite series equations prior to
truncation [34].

Comparison models for varying the permittivity of region I, representing the
dielectric loading of the periodic corrugated cylinder

Using Eigenvalues and Eigenvectors solutions approach for solving the unknown
expansion coefficients

Using a continuous periodic function approximation to asymptotically represent
the periodicity of the corrugated cylinder

Applying the asymptotic boundary condition method, [26], for improving solution
agreement in regimes where the relative dimensions of the corrugated cylinder are
that of A.

Construction and testing of a physical model for further comparison
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APPENDIX A
Mathematica® code for the modeling and comparison of the scattered field of a periodic

cylinder and smooth circular cylinder
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Region Il Fields - Equations and Variables

Equations [NOT USED]
- REXan(Calb ] cabnie (aniiescalb);
EITza[Cnla_] :=bnj+ (anljesCnla);

- HIIzb[Dnlb ] := £nj+ (gnlj++Dalb);

wom- HITza[Dnla_] 1= £a3+ (gnljasDnla);

- EIIphib[Calb_, Dnlb_] := @nj+ { (enlj+sCalb) + (enljssDnlb))
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{eMot utilized for solving umknown comff.s)

HITshob[€alb_, Dalb ] := &nje { (xnl]esCalb) + {ynljesDnlb));

(sMot utilized for sclving vaknown Somfs.+)

- HIlrhoa[Cnla_, Dnla_] :s &n3+ {(xnljwsCnla) + {yaljssDnla));
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Boundary 'b’ Fields - Equations and Variables [REQUIRED FOR CODE

OPERATION ONLY]

(+This section of code was implamentsd for a Pricr appToach. The valas
and solutions of this

ction play no role in the final results,
however, removing them without compensating for the code structure
change would render the entirety of this code in cperable.

changes. It would help to have context in order to make the changa,

though not necessary. The assccisted dissertaticn paper would
suffice [FLANE-WAVE SCATTERING OF A BERIODIC CORRDGATED CYLTNDER,
by Samusl Garcia, Florida Atlantic University, Boca Ratom, FL, Novembar 2016]4)

Equations [NOT USED]

_ Ebx[2n1 ] 1= Ebaas Enl; (s0pdate with correct array length laters)

Eophi[Enl_, Fal ] i= ((EbaesEal) + (Ebaes¥nl));
(+Update with correct array length laters)
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Ebrho[Enl_, Fnl_
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[n1, k24 p2 + S1n[81]]
B2 (01, kZ + 52 + S4n[84] ]

s anfd_, w_, m1_] s

Ez

furs- B2oylTHS[6_, 2, p_] =

E0s singos] atsmeant L [ §F oy, iy kel (a1, 12 d0 v Binled] e =t

s BrcylTME($_, x_, p_) =

EQe sin[i] s et rmt [“"E

seld(nl, ka«p s sinfei)]

puns. BzeylTwsanal[d_, ¢_ Pl i+ BzoylTMS[3, =, p] + BzcylTMI[$L, =, Al;

Erho
o rmyimate, = 5. oo kv m0scontont wistcaind o[ B ante, x, mare

(& (mankelmz(-1+n1, k24 o4 sin(ei]) - mankeln2[i+ni, k24 0+ Sin(ei]]}) st

=

s ErmacylTMILe_, Z_, p] ix
:u.m:[’]om[at)c.l-ux:..uﬂ.( ¢ Doweeldinl, R2epeSialm]} et "]
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vy EehooylTMSandI(#3_, $_, =_, &_]

Erhocylus(e, =, o] +ErhocylTHI(#4, 2, o}

Ephi

v BphicylTME[$_, =, p ] i=dEOs

(R—
o .

cor(o1]
k2ep

[ B mler™'.ante, 2, nl]  RankelBz(nl, k2e 0o Sin(eil] « et );

i fhsn

Ephicylmai(e,

~E0wsin(é] Aw.[,.)..-m-t—mw.( 3 SissSLogal, i p s Blal#l)] it ]

s i A

o _, 4.0

. =, 0] + Ephicylmai(sd, =, o);

Smooth Cylinder Equations TE-Mode

L) e
. e13[-10nl, kv ok v Sin[8i]] - Besseld[1enl, kZ+ o2+ Sin[8i]]
HaakelHZ[-1en1, kZa 2+ Sin[01]] - HankelHZ[1+ 01, k2 +pZ « Sin[84]]

BlBeseeisiot sreciesioles] kaegresiofe:;

[

Thasaua[at m1opdcbim(oa] ] Kanpacein onl] | 7]

Ez

e RacyITES[¢_, z_, o] i= 0;

.- RaoylTEL (¢, 2, 5] 1= 05

P [T

z, o] +EacylTEI[¢1, . 0];

Erho

HO  eisascesiey
577 BEMOCYITES($_, 2, p] = -d ——— s —————
S woezp Sinfei]

(755 menessconte o samssaens, s snion o)

i

' Bassalilal, k2s Sinlei)] at®i¢

s BehooylTEI(é , 2_, 0 ) := T2 O Sinfe] e 4 ceortet "SF %
i

s SPTIrE| mele v o)

10 | PD Ressartn Gare_FinaL_va. 100

Ephi

juss BphicylTES[S_

& E ‘5 wgtrizconies) .Mz“.‘:bn[m Sadj

(2 (ramesmates s, e stntont - mnkermats o, Xt sntost1)) et

EphicylTEIfS_, z_, 0]

R o g Sesmela, )ﬁ:fm[ol]].n :

ol

w- EphicylTESandzl#h_, é_, =, 0_] = BphicylTEs($,

2] + EphicylTEI (¢4, 2, 0);
Geometric Parameters and Other Inputs

User Inputs - Geometric Parameters
jussi- aoeb = "B'; [+ change to "a or "B7s)
ps. draties 1;

spexcent = .001;
fu b = dratio s Lambdad; (+% Thickness of corrugationss}
{47 a = b aperoent; (+% Distance between corrugationss)
s p = dratios Lanbdad;

p1=p2e 999

(+% Max_zadine of cylinder (outer radiusis)
(s% Win. radiva of cylandsr (inner zadius)s)
sk peas = p24i0; (sOBssrvation p for use in polar plotas)
fise a= 37w (B1/180);

(+ Aebitrarilty asaigned value for solving coeffictentss)

s
(+An interpretation of Balanis' wozk in Adv Eng EM Book, chapter 11.5:)
(+has ¢ for scattered and # For incident as separate values. If truly )

t to givalus. If not, and +)

in the point matching section s}

(sconsidarad ssparats, then $i later on

(sthey are considered the
(+¢i=¢ in the rest of the
¢1value = ga;
(s¢ivalue=374 (4/180) ;4)
(+¢ivalue=-Pie.0L;s)

(4 Radial tncidanca anglas)
(+ madial incidence angle:)
(+ Radial incidence angles}

P Rescorch Garcle flnsl v Lok | 11

i [« Chack for max value of '=' and '1' the pravent k_rho
trom going imaginary in k_rho_m and k_rho_1 respectively =)

mmancheck = 3.+ X1 /

Lmaxcheck

m+b)wk2e (1-Coslen]] / (2e24):

User Inputs - Other Parameters

Fesi nmax = 3; (+04d onlys)

resir. mmax e 0;
resu- Thosteps = 550; (% Oty of steps in range for Thos)
\esis. phisteps = 350; (+ Qty of steps in rangs for phis)

Filenames

\e. RboTableName = StringForm|"RhoTebls_

", dratis, spercent » 100, mmax];

\essi- BhiTableName = StringForn[“FhiTable ' _''_''", dratioc, spercent s 100, mmax];

\iesi- RboXYPlotsName = StringForm[ "RhoX¥Plots ' "_""", dratioc, apercent « 100, mmax];

s PRiPolarPlotsNams «

stringrors| 'Phiselarslots © “%, dratio, apercent « 100, mmax];

L PhiRCspolarRlotaName -

stringrorm|"PhiRCSPOlarplots_

dratis, apsrcent 4 100, smax] ;

PRARCSABPO1ATP Lot sHamS -
stringrorm| "PhiRcsdEPolarplots_'_''_"'", dratic, apercent s 100, mmax) ;
vt PRARCSABXYPLot aWame =
StringForm| "PhiRCSABXYPlots "' _'*_'*, dratio, apercent « 100, mmax];
1. RCSdBdataSheetName =
StringForm| "PhiRCSEXYData_

| dratio, apercent « 100, mmax] ;

v Rhofilename = StringForm(“sho_out™"", aozb];

. Phifilename = StringForm["phi_out™ ", morb];

Bt Mk s S e
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Calculated Values Based on Geometric Parameters and Inputs

n, m, | quantity and Ranges, and Matching Point |

e AR
1ni.
1nax

- mmax;
main;

nmin = - nmax;

[t mpl = 1; (soverdeternined matching point factors)

fn ngty = nmax - amin 1
Lavy = max- Imin+1;
33ty = mpL 4 iy« 1qty;

(+Also used i place of ‘m' in many placess)
(sNusber of matehing pointss)
;- nrange = K[Range|nmin, nmax, 1] ];
Lrange = K[Range(lmin, lmax, 1] ;
nrange = N[Range[mmin, mnax, 1] ];

Z Point

ji zpotnta=als
(+2 point for plotting and point matehing, in boundazy ‘a's)
spointb = (a/2) + (5/2):
(+2 point for piotting and point matching, in boundasy 'b's)

(4 Salsctad =z posnts)

zpoint « zpointh;
1

(+zpointa are only used in point matching
when

abled in the point matching sectione)
= zpoint;

Rho Range

(i (sObservation 0, pfar, in section ‘user inputs - geometric parameterss)
Lo chomin e pl- {.1ap1); (+% Min value in coordinate range far rhos)
(7. rhomax = (104 lambdad) +p2;  (+% Max value in cCoordinate range for Thos)
(- ehodalta s (themen - thomin) / (rhosteps - 1)

- rhorange = K[Range[chomin, rhomax, rhodelta] 1)
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Phi Value and Range

o=¢

Lo pridelta (24 91) /phasteps;

Phirange = K[Range[ (0.5 phidelta), (24P4) - {0.5+phidelta], phidelra] | ;

Matching Points - 's and ¢'s

- zstops = davy;
uteps - Jaty;

(43 matching point optionss)
(#A.) Changing z's with fixed #4)

(+B.} Changing ¢'s with fixed za}

(+C.) Changing z's with fixed half 9=0 and half #=Pi/Zs)
(oD} Requi

mors 3'a matohing points than unknownss)

t+  Changing ¢'s with for miltiple =

Polnta bused on matohing point salbiplies, wp »)

[£] D. is mot yet implesented s}

t »
(+ Soundary "' x matching peintes)

{+ Boundary ‘b’ z matoning pointss)

(+ Boundary 'b' & matching pointss)

{rxiblengthab/2; )

tuaibatepszsblongthzstaps;s)

{ex b= Ranga (/2 + (0. Sz ibatep) , (5/2) « (a/2) - (0. Sexibatep), xjbatep] ] ]

overdetermined matrix form,

2gba (8/2) + (b7 zataps)
2sbsten = ((a/2) +B) - ((b/ zstepa))
2jbstep = (zjbstop- zjbstart) / [zsteps-1);
23b - N(Range(z jbstart, & jbstop, sibstep] ] ©

(+ updated matching points to nagats prior matching points -
Fixed zpaint matching method for varying phi point matches =}
=23b = Constantarray(spointh, jatepal;

(+ Boundary '
(+ Boundary

* 2z matching potntss)
* 2 matching peintes)

(+ Boundary = matching pointss)
ngthea2; r)
(rzjastepszjalength/zsteps; )

(sx3a-u[Ranga[ (0. Sezjastep) , {s/2]- (0 Sezjastep] ziastap] | ; +)

(rz3a:

2jastart = (-a/2) « ((a/ zateps)):
23astop = (+a/2) - ((a/zstape))
jastep = (zjastop- ziastart) / (zsteps-1);
2ja= N[Range|zjastart, zjastop, zjastep]]:

(+ updated matching points to negate prior matching points -
Fixed spoint mstching method for varying phi point matches =)

232+ ConstantArzay[zpointa, Isteps];

(+ ¢ matching points, 50% ¢m=0 and 50% om-u/z-)
4m = Constantarray(0, jateps] ;
count = 1;
For[count = 1, count  ssteps, countes,
IE[count < .5 zstey
¢ml (count]] = 0;,
¢m[ (count]] - 24/ 2:

1

(+ updated matching points to neg:
(sdm=Conatancarray(¢a, Jsvops]; »)

e prior matching pointss)

(+ updsted matching posnts to negate Prior matching pointss)
(smatching points of 0 to 2Pis}

satart = (0] + (5424047 Jateps));

stop = (2+P1) - ((.5+2+PL/ duteps));

op = (éstop-éatast) / (Jateps-1);

H[Rangs[#stact, dstop, $step] |;

(+¢anComstantArray(¢n, Jecops];+) (sfor x matching pointes)

Numerical Computation of Coefficients and Fields

P Rescorch Garcle finel vi.Lob |

Setting Empty Matrices to Solve for Coefficients and Field Components

15

EMPTY MATRICES FOR ALL EQUATIONS

(+Eapty Matrices for Eql sst, Boundary 'b's)
Colbprematzix = Array(Cnlb, (agty. lqty}]:
anlibprematrix = Arraylanidb, (naty, laty, Satv)l;
anljbarray = Constanthrray(0, iqtyl;
bnjbprematrix = Array(bnib, (Iqey}l

(smmpcy Matrices for Eg2 mst, Boundary
Colaprematzix = Array(Cnla, (ngty, laty}l:
anljaprematrix = Array[anida, (nqty, 1qty, 3qty}l;
anljaarray = Constanthrray(0, Jatyl:

bajeprematzix = Aecay(buja, (Jatylli
Ammpremstriz = AeraylAam, {nqty, laty)];
homjprematrix « Arcay [nmi, (nqty, laty, Jaty)l;
amjazray - Constanthrray[0, eyl

)

(+Bapty Matrices for Eq3 ast, Boundary 'b's)
nlbpromatrix = Array[onlb, (nqey, lqer}]
cnljbprematrix = Array[enlib, (nqty, laty, jaty});
enl jbarray = ConstantArzay([0, jqryl:

el bprematrix = Array[enlid, (nqty, 1qty, 3qty}l;
enljbarray = Censtantheray(0, jqtyl:
dajbprematzix= Aesay(dnjb, (3qty}l:

(sCnlb alresdy defineds)

(+Eampty Mabrices for Eqd set, Boundary 'a's)
Daleprematzix = Aecay(Dala, (aqty, lqty}]

{#Cnla and Anm already defineds)

caljeprematrix - Array[enlja, (nqty, laty, jaty)];
enlisarray - Constancazzay(0, Saryl:
enljaprematrix = Array[anida, (nqty, laty, 3¢y}l
enljaarray - Constanthrray(0, jatyl;
dnjaprematzix = Aray[dnda, (3geyl];
knmJpramat zix = Aeray (knmi, (nqty, 1qty, qty)l;
knmjarray = ConstantArray[0, jquyl:
1nmjprematrix = Aeray (knnj, (nqty. qty, 3qty)l

Bt Mk s S e
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lomjarray = Constanthrray[0, jqty];

(+Espty Mateices for EqS set, Boundacy 'b'e}
fsbprematrix < Arzay(£n3b, (Iqty}):
gnljbprematrix « Array[gnlib, {aqty, laty, jaty) 1;
gnlibarray - Constantarzayl0, Saty)

Folprematrix = Array[Fal, {nqty, latyhl
#2n1jpremateix - Array[82nl3, (nqry, lqvy, Jqey) )i
$2nljacray - Constantarsay[0, Jaty]

(sBmpty Matrices for Eqé set, Boundary 'a‘e)
fnjaprematrix = Array[fnda, (3qty}];

{ngty, Lqty. Jaty) i
gnljaarray = ConstantArray(0, jaty]
Bampramatrix = Arcay[Bam, {nqty, laty}l;
iamjpramateix = Aecay[inn), (nqty. lqty, Jaty)):
inmjazzay - Constanthzzay(0, Jqty];

goljaprematzix = Arzay[gnl)

(sEmpty Matrices for Eq7 set, Houndary 'B'e)
mnjbpramatrix - Arzay(enib, (3qty}]
nalibpramatrix - Arzay(nnlib, (nqry, lgcy, jaty) )
nnlibarzay = ConstantArray[0, jaty);
quljbprematrix - Arzay[qulib, {aqty, laty. jaty) |
qnljbarray = Constantarray[0, jaty) ;

Ealpramatrix = Array(Eal, {nqty, 1qty}l;
£3n1jprenatrix = Array[83nl3, (nqty, lqty, jgry) ]
53n1jarray = ConstantAzzay(0, Jaty] i
s4nljprematrix = Array[8dnly, {aqty, laty. jgty) |
Sdnljarcay « ConstantArcay[0, jaty]

(sEspty Mstrices for Eqe set, Boundazy ‘a's)
majapramatrix « Aezay(anie, {39ty ¢

{ngty, lgty. jgty)];
nnljaarray = Constantarray[0, jaty);
qnijaprematrix = Array(anlia, (Aqy, Lqty, 3qty) 1
qnljaarzay = ConstantArray[0, jaty]
onmjprematrix = Arzay(onni, (nqty. 1qty, 3qty)]:
onmjarray = Conatantarray[0, jqty);
pamjpramatrix = Array(prmi, (nqty. 1qty. Jqty)l:
pomjazray = Constantazzay(0, Jqty]:

nnljapramatrix - Array(nals

Numerically Solving for Field Components
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(+Boundary Conditions pep2,
(por y'b)

ox Boundary'a’}s)

Jeount = 1;

4 For[jcount = 1, jeount = jgty, jcountes,
4= ém[ [jeount]]; (+¢ matching pointss)
{sdudmn); {+¢ fixed for z point matchings)
#3-¢; (+¢ matcning pointas)
{s¢i=pivalue;a)
{s0mly Af considered unique and distinct from scattersd fislde)

{4Reqion IT Equations, Incident Fiald Components, Boundary 'B's)
bn3b[Jecunt] = bajeq(#1, s3bf(deount]), 221
fa3b[jocunt] = fajeq(#1, z3b[(Jcount]], 52);
dnbljecunt] = dnjeq(41, 23b[[eount]] ., 221
majb| jecunt] = majeq[4i. 23bl[jeount]). 521

{sRagion II Equations, Incident Fisld Components, Boundary 'a's]
brja[jecunt] = bajeq(éi, zjal(jeeunt]). £2];
fajaljecunt] « fajeq(4i, xjalljeownt]), p21;
dnjaljecunt] « dnjeq(#i, z3al(jecunt]), p21;
e[ jeeunt] = majeq[#i, x3allicomnt]), p21;

For[ncount = 1, ncount < nqty, ncount s,
n = nzange[ [neount] ] ;

For[Loount = 1, leount s 1qey, laount.r,

1= lrange([lcount]];

m= Lrange([leount]];

(+Region IT Equstions, Scattered Pield Componsnts, Boundazy 'b's)
an13b[ncount, leount, jeount] « anijeq(s, z3b[[3count]], pZ]:
gmljb[ncount, leount, jecunt] - guljeq(é, =3b[[jeount]], p21;
enlip(ncsunt, loount, jeeunt] - crlisq(é, 23n([jseunt] ], p2];
anliblncount, lcount, jecunt] « enlieqlé, =3b[[3ceunt]], p21;
nljblncount, leount, jeeunt] - naljeq(é, z3bl[jcount]], p2]:
quljb[ncount, leount, jeount] = quijels, =3b{[jeownt], p2];

(+Boundary 'b'Onlys)

s2n13(nasunt, leount, Jaount] -

£anljeqld, z3bllseount]], a21; (+ boundasy '5'+)

3013 {ncount, count, jeount] = 53nljeq(, x3b[ (Jeount]) , p2]:

18 | P0 Ressartn Gare_FinaL_va. 100

(+ boundary 'b's)
sdnlj[ncount, leount, jeount] = Sdnlieqld, =3b[[jcount]], p2]
(+ boundary 'b's)

(+Region IT Equatiens, Scattered rield Components, Boundary 'a’s)
anlja[neount, leount, joount] = anljeqis, z3a[[dcount]], 2] ;
gnlieqle, zjal(Jecunt]]. o2];
cnljeqls, zial(countl], p2);
enlieqlé, zial(jecunt]], o2];
nnljeql¢, zja[jeount]], p2];
= uijeqie. z3a((3eount]], p2];

gnlja(neeunt, leount,
cnljalncount, lcount,
enlja(ncount, leount,

nalja[ncount, leount,
qnlja[ncount, leount,

(+Regicn I Equstions, Boundary 'a's)
hemj[ncount, lcount, jeount] =
hnmjeq(é, z3al(jeount]]. p2]; (« boundary +)
inmj[ncount, leount, joount] = inmjeqlé, =jal [jeount]], p2); (+ boundary '
knmj[ncount, loount, jcount] = knmjeq(d, zial [fcount]], p2]; (+ boundary 'm'i)
Lnmj(neount, loeunt, jcount] = lamjeql4, s3al [deount]], p2]; (+ boundary 'a’+)
onmj[ncount, loount, jcount] = onmjeq(4, =3a( [Jcount]], p2]; (+ boundary 'a’+)
pamj[ncount, locunt, jeount] = pnmjeql4, z3al [jeount]], £2]; (+ boundary )
1
1
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. Wor[jcount = 1, jcount 3 iqty, jcountes,

anljbarzayl [joount]] = Flatcen(Part [anl jbprematzix, ALl All, jcount]];
anljbarray( [josunt]] - Flatcen(Part [anl jbprematzix, ALL, ALL, jeount]];
anijbarzay] [Jcount]] = Flatcen(Part [onljbpramatzis, All, All, jcount]];
enljbarzayl[jeount]] = Flatten(Part [enl jbprematzix, ALL, All, jcount]];
gnigbarzay| [jcount]] = Flatten|Part (gnljbpremateix, All, All, jcount]];
nnljbazzayl[joount]] = Flatten(Pact [nnljbprematzix, ALL, All, joount]];
quijbarcay([jcount]] = Flatten(Part (gnljbprematzix, All, All, jcount]]
aaljanczay] [jocunt]] = Flatten[Pact [anljapramatzix, ALL, AlL, jeount]];
nljaaczayl[jceunt]] = Flatten(Pact [cnljapramatzix, ALL, All, jeount]];
enljsaszayl[joount]] = Flatten[Pact [enljaprematzix, ALL, All, jcount]];
galjmarzay] [jeount]] « Flatten(Part [gnljepramstzix, ALL ALL,

jeount]]
nnljaarzayl[joount]] « Flatten[Fazt [nnljaprematzix, ALL, All, jcount]];
+ M1, jeount]]
621 Jarzayl [joount]] = Flatcen(Part [02nl jpromatzix, ALL, All, joount]];
53n1jarrayl [jcount]] = Flatten(Part [83nl jpramatzix, AL1, All, jcount]];
f4n1jarray( [joount]] = Flatten(Part [64nl jprematzin, ALL, All, jcount]];
bamjarzay({jcount]] = Flatten{Part (hnmipremateix, All, All, joount]];
kamjarray ([ joount] ] AlL, A11, joount]];
inmjarzay((jcount]) AL, AlL, joount]]:
onmjarcay([jcount]] = Flatten{Pact [cnmjpranateix, ALl ALL, jeount]];
pamjaccay[ [ jouat] ] A2, 21, Seeuat]];
inmjarcay[[jcount]] « Flatten(Pact [inmjpremateix, ALl All, jeount]];

e

quijanrray[jcount]] = Flatten(Part [gnljaprematzix, ALL

Solve for Coefficients Cnlb, Dnlb, Fnl, and Enl

Calb = Flattan[ Joarray, -

Dalb = Flattan[ V- cnljbarray.Calb)1];

Cwml - 5 3 gnijbarzay oalb]];
Enl - Platten[LeastSquares[53nl jarsay.

(mnjbprematrixs naljbarzay.Cnlb + qnljbazray.balb) - 64nljarray.Fal]l;

Solve for Coeffi

nts Cnla, Dnla, Anm, and Bnm - Loop Method

Armtamp - Ful [ I \ ]

(bnjapresatrix+ (anijasrray Flatten[Cniaprematrix])}]];

Bamtemp = Fullsimplify(rlatten [Froudoinversalinniarzay]
(fnjaprematrix+ (gnljaarray Flatten[Dnlaprematrix])}]]:

Bt Mk s S e
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(e Colatesp = FullSimplify[
Flatten[Pseudoinverse|enljaarray] . (({knmjarray Anmtemp) + (lnmjarray.Bnmtemp)) -
(eml janrray. M1

f Calatemp? - 1gimpl -
m.

jusmi ARMESmP2 = Flatten|FullSimplify(Anmtemp /. Cnlatempa]];

- Calatemd = Flatten|FullSi

1ify[Cnlatesp /. 13

- Dal

emp = Fullsimplify[rlatten|
Pr— 7) +
angaprematrix- (nnljaarray.colaten3))]]:

y. Bnmtemp)) -

- neount = 17
lesunt = 1;
Dalatesp? - Constantheray|0, Jqty];

Dalascl= ConstantAzzayl0, Jatyl;
For [ncount - 1, neoust £ nqty, ncount s,
Foz[lcount - 1, leount s laey, lcount s,
index = [(ncouat - 1) » (gty)) » lcount;
If[index - 1,
(rrruEs)
Dilatesp2| [index] | = Solva(Dnlatemp| [index] | ==
[lindex)],
Dolasg = Flatten[Dnlatemp2([index]]]:,
(+TRLSES)
Dolatesp - Dulatemp / . Dnlaeg;
Dlatesp2 | [index] | =
Solval (Dnlatesp( (Lndex] ]

[[4ndex)] ];

Flatten(Dnlaprenatrix] ([index]]) /. Dnlaeq,
Flatten(Dulspresstrix] [ [index]]];
Dnlasq = Flatten Append|Flatten(Onlasq], Dnlatemp2[[index]]]];
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. Fox[ncount = ngty, acount = 1, ncount-
Fox[Leount = 1qty, leount z 1, Loount -,
index = ((ncount -1) « {lqty)) + leoust;
If[index = jqty,
(+TRUES)

Snlasol{ [index]] « Flatten[onlatemp2[index]]];
Onlasqg2 - Flazten (onlasol|[index]]];
(4FALSEs)
Dnlasel| [index]] = Flatten[Onlatemp2[[index]] /. Dnlaeql];
Drlaq? - Flatten (Appand (Fiatten(Dnlasq2], Dnlasol([index]]]];
/B
1
1:
Dnlasel = Flatten[Dnlasel] ;

_ Dnla = Dalassl[[A11, 2]];

Cnla = Fullsisplify(Cnlatem3 /. Dnlasel) ;
v Ram = FullSimplify[Aumteng? /. Dalasol];

Fesir- Bom = FullEAMpLAfy [Bnmtemp / . Dalasel] ;

Solve for Coefficients Cnla, Dnla, Anm, and Bnm - NCAlgebra Methed - NOT
USED

v (a WCSolve only Mathod )

ress. (+Dnla

wdolnversal

qaljasrzay-panjarcay. Pseudolavesse|inmjarsay] .qnljasrray] .mnjepremateix:

inmjarray] .gnljsscray]

onm: '. 1
' inmjnrzay] .golj 1
e snmgarzay] “
" arzay. nnmyareay) anijsarray].

dnjapramatrix-PseudeInvarsal
enl;

y-knmjarray \anljasrray] . enk ¥.onlas
T 2
xnm3areay h 1.
knmjarzay ) ) §
lnmjarray inmjarzay]
! £ ) .anljsarzay]

lanjarray. Pseudolnversel

nmjaczay] . galjanczay.Dnle; =)

.cala]; +)

- jareay, { janrzay.Dnla)]; +)

Empty Arrays for Storing Field Solutions - Changing Rho
Corrugated Cylinder Empty Arrays

Scattered + Incident Arrays

(. Eztemp - Constanthrray(0, Length{rherange]];
Ephitesmp = Constantarray(0, Langth(zhorangs] ]:
Erhotemp = Constantarray[0, Length(zhorange] ];

Scattered Only Arrays

s BEtemps = ConstantArray[0, Length[ehorange]]
Ephitemps = Constanthrray[(, Length(zhorange]]:
Erhotesps = Constanthrray[0, Length(rhorange]]:

Incident Only Arrays
jsi. Eztempl= ConstantArray(0, Lemgth(rhorange]];

Ephitespl = Constanthrray[0, Length[shorange]];
Erhotempl = ConstantArzay[0, Length[zhorange]];

Regular (“Smooth") Cylinder Empey Arrays

Scattered + Incident Arrays (TM and TE)

. ) X
ErhoragcylTMSandl - ConstantArray(9, Langth[rhorangs]]
FphiregoylTMSandI = ConstantArray(0, Langthlrhorangel] ;

- 3 1
ErhoregoylTESands = ConstantArray(8, Lengthlrhorange]] ;
EphiregeylTESandI = ConstantArray(0, Langthlrhoranga]] :
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Scattered Only Arrays (TM and TE)

ErhoregeylTES

Constantarray[0, Length(rhorangs]];
EphiregeylTES = ConstantArray(0, Length(shozange]];

Incident Only Arrays (TM and TE)

0, Length zho! 1
Constantaszay[0, Leagth[zhozange]]:
= . 15

- [, 1:

- 0, 1

Changing Rho Do Loop Calculation

Do Loop

eount = 1;
neount = 1;
Loount = 1;
Joount = 1;

L
$=da; (sacattered Fleld ¢, possibly incident ¢ as welle)

Ellzstemp = 0;

Exlphistenp = O;
HItzstemp « 0;

HIIphistemp - O;
EIIrhostemp = 0;
HITzhostemp = ¢;

Bt Mk s S e
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(+Ragion If temp varisbles, Toral Fields)
ElTstenp =
21iphstemp
HITztemp
A1iphitenp - 0;
B Irhotemp = 07
ATzrhotemp = 0;

(sRegion T temp variabless)
Btatemp =
EIphitesp = 0;

Hlrhotesp = 0;

(+Smaoth Cylinders)
1e00 < 02,

(+TRUE.
EBzrageyiTMBanaz([count]) = 0
BerogeyITHS [ [count]] = 0;
ExhoregeylTMSandz| [count] ] = U;
Erhoregoylmes| [count] ] = 0
EphiregeylT™SandT| [count] ] = 0;
EphiregeylTas| [count] )

EzregeylTESandI([eount]]
EzregeylTES[[count]] = 0;
ErhoregeylTESandI| [count]] = 0;

ErhoregeylTES| [count]] « 0;
EphiregeylTESandI[ [ceunt]] = 0;
EphiregeylTES| [count]] « 0;

(+FALSEN)
[eount]] = ¢ 2,00
EzregeylTHs [count]] = BzcylTME($, 2, ol
feount]] = (o4, ¢, %, 0]
ExhoreqoylTds| [count] ] = ErhocylTHS (¢, 2, o] ;
feount]] = & 50l
EphiregeylTuS| [count] ) = EphicylTHS[6, 2, o] ;
[[eount]] = 85, ¢, 2, o1
BrregeylTES|[count]] « BzcylTES[8, 2, o
teeunt] ] « # 5,0l
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ErhoregeylTES[[count]] « BxhocylTES[4, 2, o1;
[count]] =

EphiregeylTes| [counc]] = sphicylTes(é, =, ol;

95,9, =, 01;

2£[02 1. (+Check to mes if inside conductor or mote)
1f[-af2sz3a/2, (+Check to see if in boundary 'a’ or boundary 'b's)
s ~IF TRUE--
(+ In boundary 'a’ but still need to determine if in Ragion T or ITs)
boundarycheck = "Boundary a’:
£[p <02, (sRegion I fields, boundary 'a's)
(+Regicn 1 fialds, boundary 'a‘s)
For[ncount = 1, ncount 3 nqty, ncount+s,
n = nrangs [ [ncount] | ;
For[leount - 1, leownt ¢ lqvy, lesuntes,

"

1= lrange[[lcount]];
m = lrange[[lecunt] ] ;
index = [(ncount- 1) + (1qty}) + Jcount;
Elztemp = Elztemp + (hamjeq(d, 2. o] « Anm[ [index]]):
Elphitesp -
Elphitemp e (knmjeq(¢, 2, o] +Anm[[index]] + lomjeq(#, z, o] v Bnm[[index]]);
RIztemp - lztemp o (inmjeq(d, 1. o] « Bonl (index] 1)
BIphitems -
Biphitemp s {onmjeq(¢, =, o] «Anm[ [index]] + pamjeqs, =, o] »Brm| [index]]);
Elchotems - Eizhotems+ (znmjeqlé, =, 4] + Aamf [index] ] +
snmjeq(4, =, p] + Bum| [index] ]} ;
Hizhotemp = Hizhotemp+ (cnmjeqlé, %, £) s Anm[ [index] ] +
unmjeq(d, =, p] +Bum [index]]};

(+Reglon IT fields, boundazy 'a's)
Pox[ncount = 1, ncoust s nqey, ncount s,
a = nrange[[ncount]];
For[1oount = 1, Leount 5 lqvy, leount s,
1+ Lrange[ [1count] ) ;
m« lranga[[lcount] |
index » (ncount- 1) x (lqty)) + Lcount;
(s8cattared Pisld Partion Firsts)
ExIzstamp = E11zstomp s anljeq(s, %, p] « Cnla[ [index] );
EIIphistemp = BIIphistamp+
(enljeqls, =, o] +Cnlal [index]] + enlieq(s, =, o] +Dnlaf[index]]);
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MIlzstenp = HIlzstemp+ gnlisalé, z, o] +Dnla[ [index]];
HITphistenp . HITphistempe
(anljeqls, 2, o] + Cnla[[index]] + quljeq(d, 2, o) +Dnla[[index]]) ;
ElTrhostemp = EXTrhostempe (vnljeq(, =, o]+ Crlal [index]] +
wnljeq(é, 2, o) « Dnla([dndex]]) ;
HITrhostamp = HIIrhostemp s (xnljeq(s, 2, o] + Cala[ [index] ] +
ynljea(s, 2, &) + Dnla((ndex]]) ;

1

{+Add Tncident and Scattered Fielde)
Ellrtemp = Enjeqied, 2, o] + ElTzstenp;

Elfphitemp « dnjeqléi, 2, o] + EXIphistemp;
Hllztemp - fnlsales, z, o] + HITzstesp;

HIIphitemp = mnjeq(éd, . o] + HITphistemp;
Exirhotemp = ynjeq(éd, z. o] + EXTrhostemp;
iirhotemp - Snjeqled, =, p] + HIrhostemp;

(+scattered Field onlys)
ElZzstenp = EITzstenp;
Ellphistenp - EXTphistenp;
Ellshostesp = EITrhostenp:

F EALSE--
(s In beundary 'B' but still need to determine if in Cylinder or Ragion I1s)

-

boundarychack = “Boundary b*;

I¢[0 <p2, (+in Cylindez, boundary 'B's)
Extemp| [count] ] = Eztemp| [count]] + 0;
Ephitamp( [count]] = Ephitamp( [count]] + 0
Erhotemp[ [count]] = Exhotamp| [count]] + 0;

EztempS([count]] = EztempS| [count]] +0;
Ephitesps([count]] = EphitempS[ [count] ] + 0;
ErhotespS[[count]] = ExhotempS[ [count] ] + 0;

Hixtamp| [count] ] « Hxtamp | [count]] + 0
Hphitemp[ [count]] « Bphitemp( [count]] + 0;
Hirhotemp [ [sount]] » Hzhotemp| [count]] +0; ,
(+Ragion TT Fields, boundary 'b'r)
For[ncount = 1, ncount < nqty, noownt e,
n= nzanga| [neount] ] ;
For|leeunt = 1, lcount s lqey, leeunt+s,
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1= 1range[[lcount] |;
;= Lrange([leount] |;
index = [[ncount -1) + (1gty) } + leount ;
(+Scattersd Fisld Pocticn Firsts)
Elfzstemp » Ellzstemp+ anljeq[4, =, p] » Cnlb[ [index] ] ;
Ellphistemp - EIIphistemp+
(enlieqls, =, p) « Cnlb| [index] ] + anlieq($, =, o] «Drlb[ [index]]);
HiIzatemp = KIIzstemp+ gnljeq(s, s, p] » Dnlb[ [index] ] ;
Hifphistesp - HIIphistamp.
(mnljeql#. =, a] &« CRlb[ [index] ] + qnijeq(a, =, 5] « Dnib[[index]]);
ElIrhostesmp = EIIrhostemp+ (vnljeqlé, z, o] «Cnlb[[index]] «
wnljeq[é, #. o] + Dnlb[[index]]);
HITrhostesp = RITrhostemp. (xnljeqld, 2, o] +Cnlb([index]] «
yaljeq(s, =, o] +Dnlb([index]]);

I#

(+Add Incident and Scattered Fislde)

EIIrtems « bndsqlei, =, o] + ElZzatems;
- dnjeqlei, =, p] + ETIphist
RITztemp = £n3eq(#i, &, A] + HIIzatemp;
RITphitemp = mnjeq(¢d, 2, o] + AITphistemp;
= ynieqléi, =, o] +
=dnjeqled, = 0] +

(sScattered rield onlys)
ElTzstesp = ElTzstemp;
EITphistemp = Ellphistesp;
EIlrhostemp - Ellshostesp;

] (om0 1¢ sTATRMENT.) ;,
Eztemp|[count]] = Eztemp[[count]] +0;

Ephitamp({count] | = Ephitemp|[count] | + 0;
Erhotemp([count] ) = Brhotemp|[count] ] +0;

Eztemps|[sount]] + 03
= Ephitenps | [count] | + 0;
Exhotemps| [count] | +0;

ctenpS| [sount]|
Ephitemps{ [count]
Exhotemps] [count]

Hatemp|[count]] = Hztemp[ [count]] + 0;
Hphitemp[{count] ] = Bphitemp|[count] ] + 0.
Hrhotemp[ [count] | « Brhotemp| [count] | « 0

Bt Mk s S e

B | PO Research Gorcia Aol vi.Lnb

(+R11 E-fialds zeross)

Zxtemp([count]] * Elztemp + ELlztenp;
Ephitesp([count]] « Elphitenp EIIphitemp;
Erhotern( [sount]] = Elrhotemp + E1Izhotemp;

Erramps| [count) ] = Eztemps| [count]] + EXIzstamp;
Ephitemps|[count]] » Ephitemps[ [eount] | + ETTphistesp;
Brhotemps| [count]] = Exhotemps| (count] | + E1Irhostesp;
Hatemp|(count] ) = Aztemp + HITstenp:
Hphitemp([count]] = Iphitenp+ HITphitemp;
Hrhotemp([eount]] = HIzhotemp + HIIrhotemp:

count = sount + 1;
. o, ehomin, rhomax, shodeita)]:
(sClosa of 'Bo locp's)

Solution for Plots - Corrugated Cylinder

&= dn; (vacattered fiald 4, possibly incident ¢ as wells)

#1 = pivalue; (aOnly if considered unique and distinct from scattered fielde)
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(+ncident + Scattered Selutions)
Solkx - N[Aba[Estespl];
dataks - Transposs|{rhorange / lambdat, Solkz}];

Slsphi = N[Abs(Sphitemp]];
datalphi « Transpose| {chorange / Lasbdad, Solephi}];

SolErho = N[Abs(Erhotemp]];
dataBrho - Tzanspose] {chorangs / Lasbda0, SolErho}] :

SolTAL1Sandz = B{Aba[Sqrt[( (Exhotenp) « Cos[4] - (Bphitemp} « Sinfd]) "2+
({Exhotemp) » Sin[¢) + (Ephitemp) « Cos[¢]) “2+ (Eztemp) “21]];
- tsanspose [norange,/ 1ambaao, a5

(+Scatteced Caly Solutionr)
SolEzS = N[Abs[EztempS]];
dataRss - Transpose| | chorange / Lanbda0, SolEzs}|:

SlEphiS - N[Abs[EphitespS]];
datagphis - Transposs|{shorangs [ lambda0, Selkphas)]:

SolErhos = N[Aba[Erhotemps]];
datalrhos = Tranaposa|{rhozange / 1anbda0, SolEzhos)]:

SO1FALLS = N[Abs[Sqrt[ (Erhotemps + Cos(¢] - Ephitampss Sin[9]) “2 +
(Exhotemps + 5in($] + EphAtanps « Coa[#]} 2 + (Bztemps) ~2]]];
datsBA11S = Transpose|{rhorange/ lasbda0, SolEALLS};
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TM Mode Solutions

powse (e Incident

Scattered Solutions)

- 1
dataEzregcylTMSandT = Transpose|{chorange / lanbda0, SolEzregeylTMSandr}] :

- I
aataEzhorsgeylTMsandI - Transpoas|{zhosangs / lanbda0, SelEshorsgeylmsandl)];

1Eph - N[ 1

datasphizegeylTHandI = Transpose[{thoranga / lanbdad, Scliphiregeylmdsandt]]:

SolERLiTMSand:
N[Abs[Sqrt[ ({ErhoregoylTHSandT) « Cos[#]
«Sin(e] +
(BaregeyiTHSandT) *2117
dataBallTMSandT = Transpose|{rhorange/ lasbda0, SolEAliTwsandi}|;

(EphiregeylTHSAndT) « Sin(4]) "2+
4conl4])“2+

(+Scattared Only Seluticns)
SolEzrageylTHS « N[Abs[EzregcylTMS]];

. m / 1amnaa0, 1:

SolErhorageyl s - K[abs[ErhorageylmHs] ) :
datarhoregeylThs « Transpose [{ rhorange / lambdad, Salkrhoregeylmes)];

SolEphiregeylT™S = N[Abs [EphiregeylTHS]]
dataBphiregoyiTis - Transposs {rhorangs, Lasbda0, SolEphiregoylmus)]:

Solution for Plots - Regular “Smoath” Cylinder S coald] - mh ainfél} 4ze
sin(#) + Eph: ATHS « Cos[9]) 2 + 200
N dataEAlITHS - T o lasbaal, SelEAl1TMS}];
6 #0: (sncabtared £iald 4, possibly incidest ¢ aa walle) - e (Dosem) o 1
Cediesin)
i - givalus; (xOnly if considered unique mnd distinct from scattersd £ields)
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TE Mode Solutions TM + TE Mode Solutions
7. (+Incident + Scattersd Salutions) jeow. (sIneident + Scattarsd Solutioms]
5 1 - wans . 1
davagzrageylTEsands - Transposs| (rhorangs / danbda0, SolszrageyiTEsands)]; datamzregeyl MpluATESANAT «
[{=n / Lanbda0, I:
1
TESandr = T / Lasbaao, 1: - 1TESand1 1
datamrhorageyl TMpLusTESandT =
1 Transposa|{rherange / lanbda0, SolErhoregeylTMplusTESand}
dataBphiegeylTESandl = Transpose| {chozange / lasbda0, SolEphizegeylTESandI)];
160k - NIAbs (Ephi 1
SalEALITESand! « dat afphizegey] MplusTESand] «
[Aba (Sart ( *Coslel - »8infel) 20 Zransposa|{rhorange/ lanbda, SolkphiregeylmuplusTesandt)];
i r8in(é] Coslg]) "2+
(Ezregey1TESandr) ~2]1]; 181 « NRBs[Sqre(( - +Cos (8] -

dataEAllTEsandi - Transpose|[rhorange/lambdad, SolEAllTEsand)];

(+scattexed only Solucions)
SolEzrageylTEs = W[Abs [EzregcylTES] ]
= Transpose| | ge / lanbdab, I

SelErhoregeylTES - N[Abs (ExhozegeyiTEs]];
dataErhoregeylTES = Transpose|[rhorange /lambda0, SclErhoregeylTES)|:

SoliphirageylTES - N[Abs [EphizegcylTES]]
dataBphiregeylTES « Transpose|{chorangs / 1ambdad, SolEphiregeylTes)|;

BOIEALLTES = N[Abs [5qrt | (ErhoregcylTES « Coa(4] - EphireqeylTES« Sin[8]) *2+
singe) cos(e]) "2+ ~211
dataEallTss = Transposa|{rhorange /lambda0, Solealltes)];

Bt Mk s S e

(kpii rageylTesandt « EphizeqeylTisandt) « Sin[d]) "2+
((ErhorageylTESandI + Exhorageyl TMSARdT) + Sin[@) +
(KphirageylTEsands + EphiregeylTMsandr) « Cos(9]) 2 +
(R2rogeylTESandl + ExrageylTHSandT) ~2]]] ¢
dataEAllTMplusTESandI = Transpose| {chorangs lanbda, SolEAllTMplusTESand1}];

(+Seattersd Only Scluticns)
W 1
[{zhozange / 1asbda0, SolRzregoylrMplusas]]:

dataBzreqeyl TiplusTE:

- i
dataErhoregeyl TMplusTES = Transposa|{ shorange / lashdal, SolsrhoregeylTHplustes)]

ss1Eph . 1:

datasphiregeyl THplusTES - Transpose|{ rhorange / lanbdal, Solephiregeylmeplustes]];

= n{Aba[sqre((
(EphirageylTES + EphireqeylTs) + Sin(]) * 2+
sin(e] + (Ephi .
Cos[#]1) 2 + (BazegoylTES « BaregoylTs) *2] 1];
dataBALITMplusTES « Transposs||horangs/lambda0, SelEALLTHElusTES)|:

«con(#) -
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Changing Rho XY Plots

Table of Parameters

«- tablevalusa = [ (N[EQ] "W/mr, "=, "=, "%, (o) asmr,
(Lambda0 "m*, Fe%, fo%, fer, o0}, (€0 tHEt, Ua%, 0et,
{a/ tankdan =av, = “}. {5/ 1anbdas
{01/ 1anbdag =av, "-%, * #-*}, 62/ 1anbdag *A", *-¥, = "

, Thonin/ lambdad "A", rhonax/lambda0 "A", rhodelta /lambda0 "a",
Length(cherangel }. {N[¢+ (180 /Pi)] "Dag" wony e,
{=point / a"a® & spoint /lambdad A", "-%, "o%, "ot
(e, an, men, vt Sgey), (N[8iw (180 /8i) | "Deg”, "-",
{w[o1+ (180 /p1)] "Dag, *-v, *ov, "u, nov}

(-, omin, nmax, 1%, ngey), {*-", lmin, lmax, "1'
« lgty), (smaxcheck, "-", -
(imaxchack, "=, "o, -7, "%}, (sowndazycheck,
tablerovheading = {“50
b xange", "¢ (sbssrved)"
#4%, *n", "1%, "m", "nax allowable m", "max allowable 1", "Boundar;

tablacolhsading "dalta”, "gey of Pointa);

. {+ChangingRhoxXYTabla =

Matching Pointa®,

("valve”, "min", "mas

= Qe .

(List ni.
TtemStyle - {Bold, 20), Frame - K11, Background + {{LightGray}, {LightGray}}]

L *t.eet, 1
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Corrugated Cylinder Plots

Plot Ez (Scattered)

aCorss « ListLinePlos|datakss,
Plothangs -» {[zhomin /lambda0, rhomax /lasbdac), {0, Msx[selzes]}],
Plotstyle -> (Red, Dashed}, BaseStyle -> AbsoluteThickness(],
PlotMarkers -> None, Plotlabel -» 'E. Corrugated Cylinder (Scattered Fiald)",
Frame -> True, Frameiabel -> (A", *v/m'},
Gridlines -> {{[p2/lambda0, (Thick, Gray, Dashed)}}, Automatic),
Background > White, Imagesize -> 700,
Basestyle -> (FontSize —> 14, FontWeight —> “Bold"]|;

Plot Ez (Inc + Scattered)

{5 BzCorrSandl = ListLinePlot[datafz,
PlotRange > {[rhomin/lambdad, rhomaxlasbda0), {0, Max(SelEs))],
PlotStyle -> (Red, Dashed}, BaseStyle -> AbsoluteThickness[2], PlotMarkers ->

Nene, Plotlabel -» °E, Corrugated Cylinder (Incident + Scattared Fisld)",
Frame -> True, Framelabal -» ("pfA", "W/m"},

Griditnas -» {[[p2/lambas0, (Thick, Gray, Dashed)}], Awtcmatic),
Background -> White, ImageSize -» 700,

BaseStyls -» (FontSiza - 14, FontWeight -» "Bold"]];

Plot Erho ( Scattered)

“. ErhaCorss = ListLinePlot|datairhas,
PlotRanga -> {{rhomin /lambda0, rhomax/lambda0), {0, Max[SelErhoS]}}.
Plotstyle - (Red, Dashed), Basestyle -> AbsoluteThicknsss[a],

PlotMarkers -> None, Plotlabel -» "E. Corrugated Cylinder (Scattered Field)",
Trame -> True, Framelabel -> ["p/A", "W/m"},

Gridiines - {{[02/lanbda0, (Thick, Gray, Dashed)}}, Automatic],

Background -> White, ImageSize -> 700,

Sasestyis > (Fentsiza > 14, FontWeight > “Boid"]|:
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Plot Erho (Inc + Scattered)

\use. ErhoCorrSamdl « ListLineplot|datairno,
Plothangs -> {{rhomin/ lasbda0, rhomax/lambdac), (0, Max[solerke]}],

> {Red, Dashad}, BasaStyls -> ABsoluteThicknesa(2], PlotMarkers

¥one, PlotLabel -> "E, Corrugated Cylinder (Incident + Scattered Tield)",

Frame -» Trus, FrameLabel > {"p/A", "Vfm'},

Gridlines -> {{{p2/lanbdad, (Thick, Gray, Dashed}}}, Rutomatic],

Background -> Whits, Imagesiza -> 700,

Basestyle -» (FomtSize -»> 14, FomtWeight -» "Bold")];

Plotstyle

Plot Ephi (Scattered)
1o BPhACOTES = ListLinePlot|dataBphis,
> {{rhomin/ lambda0, rhomax/lanbda], (0, Max|SolEphis]}},
> (Red, Dashed), BaseStyls -> AbscluteThicknasa(2],
FlotMackers -» None, Plotlabel -» "Es Corzugated Cylinder (Scattered Field)".
FPrame -» Trus, Framelabel -» {"s/", "Vm'},
Gridlines -» {{{p2/lanbda0, (Thick, Gray, Cashed)]]. Automatic),
Background -> White, ImageSize -> 700,
masestyle -3 (Fomtsize -3 14, Fantweight

"Beld") |;

Plot Ephi (Inc + Scattered)

L BphiCorrSandl - ListLinerlot[datazphi,
PlotRange -» {[rhomin/lambda0, rhomax/lanbdao), (0, Max[solEphi]}},
> {Red, Dashed}, BaseStyle -> AbsoluteThickness(2], PlotMarkers

Plotstyle
None, PlotLabel > 'Es Corrugated Cylinder (Incident : Scattered Field)",
Frame -> True, Framelsbel -> ("p/A", "Vra'},

Gridlines -> {{{p2/lembdan, (Thick, Gzsy, Dashed)}}, Autematic),
Background -> White, ImageSize - 700,

s (Fomesize > 14, Fomewesgnt > "mald”)];

Bassstyls

Bt Mk s S e
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Plot EAIl (Scattered)

{0 EAILCOrES o ListLinePlot|dstaEAlls
#lotRange -> {[rhomin /1ambdad, rhomax /lasbdac), (0, Max|solzalls]}],
Style -> Absclucerhickness[2], PlotMarkers -»

Plotstyle > (Red, Dashed), B
None, Plotlabel -» "Er: Corrugated Cylinder (Scattered Field)®,
Frame -> True, Framelabel —> ("9/A", "V/m"},

GridLines -> {{{p2/1anbda0, {Thick, Gray, Dashed}}}, Automatic),
Background -> White, TmageSize -> 700,

Basestyle > (Fontsize -> 14, FontWeight -> “Beld")|:

Plot EAl (Inc + Scattered)

EAliCorsSandl - ListLinsPlot[dataEAllSandl,
PlotRange -» | [rhomin /lambdal, rhomax /lasbda0), [0, Max|Sc1EAllSandI])},
Plotstyls -: (Rad, Dashad), BassStyls - AbssluteThickness(2], PlotMarkars -»

Nene, Plotlabel -» "Erca: Corrugated Cylinder (Iacideat + Scattered Field)",
Frame -> Trus, Framslabel -» (%A, "W/m'},

Gridiines -> {[{p2/lambda0, (Thick, Gray, Dashed)}}, Autcmatic),

Background > White, ImageSize - 700,

Basestyle > (Fontsize -3 14, Fontmeight -> “Bold"}];

Summary TM Plots

d[ {{ExCorss, v
. (=Allcorss, b
Spacings -> {Scaled[0], Scaled[0]}];
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Smooth Cylinder Plots - TM Plots Erho (TM Inc + Scattered)
' - [ PlotRange ->
Ez (TM Scattered) {{ehomin/ Lambda0, rhomax /lanbdal}., {0, Max[SolErhoregcylTMSandI))},
i . PlotStyle -> Blue, BaseStyle -> AbsoluteThickness[2], PlotMarkers -> Home,
z ! PlotLabel -» °E, Smooth Cylinder (TM Incident + Scattarsd Fiald)"
P;\mluv:h - {Smmnpmu. mu-lx/lmd:n], (: ,..‘.[mz:ngquny AR o} 1 o> (p/A", "Wjmty,
FlotBeylers ALud PAsPCyie -3 Abdclotamuloestdd (4] PCAbAD ™ oM Griditnas > {[[p2/lamban0, (Thick, Gray, Dashed)}], Awtcmatic),
Plotlabel -5 "E. Smooth Cylinder (TM Scattersd Field)", g
Background > Whits, ImageSiza > 700,
Frame -» Trua, Framelabel -3 (“p/A%, *Vim'},
BaseStyle -> (PontSize -> 14, FontWeight -> "Bold"]];
Griduines -> {{{p2/lanbdas, (Thick, Gray, Dashed)}}, Automatic),
Background -> White, Imagesize -> 700,
Basestyle -> (FontSize > 11, FontWeight - "Beld")|; Ephi (TM Scactered)

Ez (TM Inc + Scattered)

Plocaange -» {{homin /1smbaas, rhomax /lambdao], (0, Max(Selsphirageyimes]}},
Plotstyle -> Blue, BaseStyle -> AbsoluteThickness[2], PletMarkers -> Nome,

ipLocaings <1 PlotLabsl -> "Es Smooth Cylinder (TM Scattared Fisld)",

{{#homin / Lanbdad, rhomax/lasbda0), (0, Max[SolfzregcylTHSands)}}, s Sl e oy

Gridiines -> {{{p2 /lasbdad, (Thick, Gray, Dashed)}}, Automatic),

B

Plotstyle -> Blue, Basestyle -> AbsoluteThickness(2], PlotMarkers -» Wone,

PlotLabel -> "E Smooth Cylinder (TH Tncidant + Scattered Field)", e e
e Try Toabel pr Ul BaseStyle -> {FontSize - 14, FontWeight -> “Bold")|;
GridLines => {{{p2/Lembal, (Thick, Gzay, Dashed)}}, Autematic),
Background > Whits, imagesize -> 700,
BaseStyle -> {Fontize -> 14, FontWeight -> "Bald"}|; Ephi (TM Inc + Scattered)
’ = [ PlotRange >
Erho (TM Scattered) [{<homin / LarbdaD, thomax / laxbda0], {0, Max|SolEphiregeylTSandI]] },
Plotstyle -> Blue, BaseStyle -> AbsoluteThickness[2], PlotMarkers -> Nane,
FUBR UErATIN ' KL e | St e oty SlotLabel > "B Smooth Cylinder (TH Incident » Scattered Field)",
Flotkange -> {{rhomin/lanbda0, rhomax /lanbdad], (0, Max[solErhoregeylms])),

Frame o> Trus, Framslabal -» ("s/A", "W/m"},

Plotstyls -> Bius, Basestyls -> ABsSIuteTnickness(2], PlotMarkers -> Nons, S e i Y iniane, tas, oo, S T, aiieig)
Plotlabel -» 'E. Smooth Cylinder (TM Scattered Field)", RN el QR e DG SRR . i
Frams - Trus, FramsLabel -» ("D/A", "Vm'}, 4 s

L S e e = BaseStyle -> (FontSize - 14, FontWelght -> "Bold"}];

Gridlines -> {{{02/lanbda0, (Thick, Gzay, Dashed}}}. Automatic),

Background -> White, ImageSize -> 700,

Basestyle -» {Fontsize -» 14, Fomtweight -» "Bold")];
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EAll (TM Scattered) £z (TE Inc + Scattered)

- EALIRSQCYITHS « Listiineplot [datazallzs, .
Plotaangs <> {{rhomin /Lambda0, rhomax /lanbdao], (0, Max(salealimes])], [{ehomin/ Lanbda0, rhomax / Lambda0]
Plotstyls -» Biue, Basestyls -> AbsaluteThackness(2], PlotMarkars —» Nons,
Plotlabel -» "Erea Smooth Cylinder (TM Scattered Field) ",

Frame > True, FramelLabel - {"p/A"

PlotRangs -5
. (8, max[SolezregeylTEsand1])],
Plosstyle > Blue, Basestyle -> AbaoluteThicknesa[2], PlotMarkers -> tome,
Plotlabel > "E. Smooth Cylinder (T2 Incident + Scattered Field)",

rmy, Trame -> True, Framslabel -> ("p/A", "V/m"},

Gridlines -> {{{p2/lambdad, (Thick, Gray, Dashed}}}, Rutomatic], GridLines -> {{{o2/lambds0, {Thick, Gray, Dashed}}}, Automatic),
Background -> Whits, InageSize -> 700, Background -> White, TmageSize -> 700,

Basestyle -» (FomtSize -»> 14, FomtWeight -» "Bold")]; Basestyle > (Fontsize -> 14, FontWeight -> “Beld")|:

EAIl (TM Inc + Scattered) Erho (TE Scattered)

EAL q [ 1mMsandr, . [

PlotRange > {{zhomin/lambda0, rhomex/lenbdad), (0, Mex[SolEAllTMSandIl)],

PlotRange -> {{shomin/lambda0, rhomax /lasbdsc), (0, Max[SelEshoreqeylTES|}),
PlotStyle -> Blus, BaseStyle -> AbsoluteThickness[Z], PlotMarkers -» Hone,

PlotStyle -» Blue, BaseStyle -» AbsoluteThickness[2], PlotMarkers -> Nome,
Plotlabal -3 "En. Smecth Cylindsr (TM Incident s+ Scattersd ¥isld)®, Plotiabel

Frame -» True, Framelabel -» {"g/A", "V/m'},

Gridlines -> {{{p2/ lambda0, (Thick, Gray, Gashed)]], Automatic),
Background -> White, Imagesize -> 700,

BazeStyle -> (FontSize -> 14, FontWaight -> "Bold"}];

> "5, Smooth Cylinder (T2 Scattarsd Pisld)’,
Framelabel -> ("o/A", "VW/m"},

Gridiines > {[[02/lasbdad, (Thick, Gray, Dashed)}}, Autemstic],
sackground -> White, Imagesize -» 100,

BaseStyle -> {FontSiza -> 14, FontWaight -> “Bold")];

Frame -> T

Summary TM Plots Erho (TE Inc + Scattered)

3. b oo [a
P . (EAL ¥

Spacings -> (Scaled[0], Scaled(0]}];

a - [ Plotrange >

{{rhomin/ lambda0, rhomax/lanbdad}, {9, Max|SolErhoregcylTESandI])},

Plotstyle -> Blue, BaseStyle -> AbsoluteThicknasa[2], PlotMarkers -> fNome,

Plotiabel -> “E. smooth Cylinder (TE Incident + Scattered Field)

Frame -> True, Framslabel -> ["pfA", "W/m"},

Smooth Cylinder Plots - TE Plots Gridiines - {[[e2/lanbda0, (Thick, Gray, Dashed)}}, Automatic],
Background -> White, Imag

ize -> 700,

Basestyle -» {FontSize -3 14, FontWeight -> “Beld"]];
Ez (TE Scattered)

- Eiprs [

PlotRangs -> {[shomin/lambda0, rhomax/lanbdat), (0, Max[SolfzregeylTES])),
Platstyle -> Blus, Basestyls -> AbssluteTnickness(2], PlotMarkers -> Nons,
Plotlabel -> "E, Smooth Cylinder (TE Scattered Fiald)",

Frame - Trus, Framelabel -» ("p/A%, "Vrm'},

Gridiines -> {{{p2/lambdat, (Thick, Gray, Dashed}}}. Automatic},
Background -> White, Imagesiz -> 700,

BaseStyle -> {FontSize -> 14, FontWeight -> "Bold")];
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Ephi (TE Scattered)

PlotRange -> {{rhomin/lambda0, rhomax/lambda0), (0, Max[SolEphiregcylTES]}),
PlotStyle -> Blua, BaseStyle -> AbscluteThickness(2], PlotMarkers -> Noaa,
PlotLabel -3 "E, Smooth Cylinder (TE Scattsred Field)",

Frame -» Trua, FrameLsbel -» {*p/1", "Vm'},

Gridlines -> {{{p2/lambda0, (Thick, Gzay, Dashed)}}, Awtematic),

Background -> Whits, ImagaSize -> 700,

BasesStyle -> (FontSize -5 14, FontWeight -> "Hold")];

Ephi (TE Inc + Scattered)

“u [ Flotnange >
[{rhomsn / Lambdso, rhomax/lambea0), (0, wax[solephirageylTasandi])},
Plotstyle -> Blue, Basestyle -> AbsoluteThickness(2], PlotMarkers -> Nona,
Plotlabel -> "E, Smooth Cylindsr (TE Incident + Scattered Fisld)
Frame -> True, FramelLabsl -» ("p/A", "V/m'},

Gridlines -> {{{p2/lanbdad, (Thick, Gray, Cashed)}}, Automatic),
Background -> White, ImageSize -> 700,

BaseStyle -> {FontSize -> 14, FontWeight -> "Beld"}];

EAIl (TE Scattered)

PlotRange -5 {{rhomin/ lasbdal, rhomax/lambdat), (8, Max[SolEALLTES]}],
PlotStyle -» Blue, BaseStyle -> AbsoluteThickness(2], PlotMarkers - Mone,
PlotLabel => "Enau Smooth Cylinder {(TE Scattered Field)®,

Prame -» Trus, FrameLabel -> {"p/A", "V/m'},

Gridiines -> {{{p2/lanbda0, (Thick, Gray, Dashed)]], Autematic),
Background -> Whits, Imagesiza -> 700,

BasaStyle -> (FemtSize -> 14, FontWeight -> "Beld")];

EAIl (TE Inc + Scattered)

EAl1RegCyITESandI = ListLinePlot [dataEALITESandI,
PlotRange -> {{chomin/lambda0, rhomax/lasbda0), (0. Max(SolEAl1TESandI])},
PlotStyle -> Blue, BaseStyle -> AbsoluteThickness[2], PlotMarkers -> Home,
PlotLabel -3 "B, Smooth Cylinder (TE Incident + Scattersd Fisld)®
Frameiabel -» (pfA", "V/m"},
Griditnas > {[[p2/lamban0, (Thick, Gray, Dashed)}], Awtcmatic),
Background > Whits, ImageSiza > 700,
BaseStyle -> (PontSize -> 14, FontWeight -> "Bold"]];

Frame -> T

Summary TE Plots

o arg

; 178, Eph: 3
(RALIReqCyLTES, EALlRegCyITESandr}), Spacings -» (Scaled[0], scaled[0])];

Smooth Cylinder Plots - TM + TE Plots

Ez (TM+TE Scattered)

& g [dat PlotRange ->
{{ehomin/ Lanbta0, chomex /lsabda0}, (0, Max[SelEzzegeylmMplusTes])},
PlotStyle -> Blus, BaseStyle -» AbsoluteThickness[Z], PlotMarkers -> None,
PlotlLabal -> "E, Smooth Cylinder (TM ¢+ TE Scattered)”,
Frame => True, Framelabal => ("p/A", "W/m"},
Gridiines -» {[[02/lambds0, {Thick, Gray, Dashed)}}, Autcmatic),
Background -> White, Inagedize -» 700,

anssstyls > (Fontsize - 14, Fomewsigar > “Eeidr)|;

Ez (TM+TE Inc + Scattered)

= Lis PletRange ->

{{rhomsn / Lanbda0, thomax /lambda0}. (0, Max{SolEzregeylTHplusTESandr)}},
?lotstyle -> Blue, BaseStyle -> AbsoluteThickness[2], PlotMarkers -> None,
Plotiabal > "Ea Smooth Cylinder (TH + TE Inc and Scattered)",
Frame -> True, FrameLabel —> ("pfA", "w/m"},

Griduines -> {{([p2/lasbds0, (Thick, Gray, Dashed)}}, Automatic),
Background > White, ImageSize 700,
BaseStyle -» (FontSize - 14, FontWeight -> “Bold")];
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Erho (TM+TE Scattered)

. elotaangs -3
[[shomin / Lanbdat, rhomax/lambda0), (0, ax(SelsrhoregeylzwplusTas]]),
Platstyls -> Bius, Basestyls -> ABASISteTnickness(2], PlotMarkers -» Non,
Plotlabel -» "E, Smooth Cylinder (TM + TE Scattared)’,

Frame -» Trus, PrameLabel > {"p/A", "Vfm'},

Gridlines -> {{{p2/lambdad, (Thick, Gray, Dashed}}}, Rutomatic],
Background -> Whits, Imagesiza -> 700,

Basestyle -» (FomtSize -»> 14, FomtWeight -» "Bold")];

Erho (TM+TE Inc + Scattered)

sTESandl = ListLinePlot|

[ PlotRange
{{snomsa/ anbdac, shomax/lasbead}, (0, Max([SclEshoregeylTMplusTESands]}),
PlotStyle -> Blus, BeseStyle -> AbsoluteThickness(2], PlotMarkers -» Hone,
Plotiabal -» °E, Smeoth Cylinder (M + T8 Inc and Scattarsd)”,

Frame -» True, Framelabel -» {"o/A", "V/m'},

Gridlines -> {{{p2/ lambda0, (Thick, Gray, Gashed)]], Automatic),
Background -> White, Imagesize -> 700,

BazeStyle -> (FontSize -> 14, FontWaight -> "Bold"}];

Ephi (TM+TE Scattered)

[dataEphi

= [ Plotrangs
({rhomin/ 1anbda0, rhomax /lambdad}, {0, Max[SelEphiregcylTMplusTES]}},
Plotstyle -> Blus, BaseStyle -> AbsoluteThickness(2], PlotMarkers > Nome,
Plotlabel -> "E; Smooth Cylinder (TM + TE Scattered) ",

Frame -> Trus, Framelabel -> {"p/A", "Vra'},

Gridiines -» {[{02/lanbda0, (Thick, Gray, Dashed)]], Autematic],
Background -> White, ImsgeSize -> 700,

Basastyle - (FomtSiza -: 14, FontWeight -> "Bold”)|;
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Ephi (TM+TE Inc + Scattered)

Plotrange -
[{ehomin/ Lanbaa0, shomax /1anbda0], (0, max[Solphiregeylmmpluarssandi]}],
Plotstyle -> Blus, BaseStyls -> AbaoluceThickness[2], PlotMarkers -> Nons,

PlotLabel -> "E. Smooth Cylinder (TH ¢ TE Inc and Scattered)',

Frame -> True, Framelabel —> ("9/A", "V/m"},

GridLines -> {{{p2/1anbda0, {Thick, Gray, Dashed}}}, Automatic),

Background -> White, TmageSize -> 700,

Basestyle > (Fontsize -> 14, FontWeight -> “Beld")|:

EAIl (TM+TE Scattered)

e BAL - [
Piothangs - {(zhomin/lambda0, rhomax/lesbdad], (0, Max(SelEALITMplusTES|}),
PlotStyle - Blue, BaseStyle -» AbsoluteThickness|2], PlotMarkers > Home,
Plotiabel > "Enuu Smocth Cylinder (T + T2 Scattared)”,

Framelabel -> ("o/A", "W/m"},

Gridiines > {[[02/lasbdad, (Thick, Gray, Dashed)}}, Autemstic],

sackground -> White, Imagesize -» 100,

BaseStyle -> {FontSize -> 14, FontWaight -> “Bold")];

Frame -> T

EAIl (TM+TE Inc + Scattered)

[ Platmange -

{{rhomin/ lambda0, rhomax/lanbda0}, (9, Max[SolEAllTMplusTESandI])},
Plotstyle -> Blue, BaseStyle -> AbsoluteThicknesa[2], PlotMarkers -> fone,
Plotiabel -» "Braw Smooth Cylinder (TM + TE inc and Scattered),
> True, Framelabel -> (0", "W/m"},

Gridiines - {[[e2/lanbda0, (Thick, Gray, Dashed)}}, Automatic],
Background -> White, Imag
BaseStyls -> {FontSize -> 14, FontWeight -> “Beld"]];

Frame

ize -> 700,

Summary TM+TE Plots

£ {d '

(ea AL ¥
spacings -» (scalsa(0], Scalsa[o])];
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Compare (Smooth vs Corrugated) Plots

TM Compare

G

phi

2Grid[{[Show|ExRageylThs, aCorrs, PlotRange ->
[{rhomin [ lambda0, rhomax/lambdan), (0, Max[SolEzrageylTus, SelEzs]}},
BaseStyle -> (FontSize -> 14, Bold"},
Framelabal > ["e/A", "Wia"),
FlotLabel -> “E: TM Scattered Smooth Cylinder (Blue)
va Corrugated Cylinder (Rad, --)],
show[BzRegCylTmsandI, EzCorrsandl, PlotRange —> ({rhomin/ lambdad,
thomax/ lanbdad], (0, Max[SolSzragcylTHSandl, SolE]}},
BaseStyle -> (FontSize -> 14, FontWeight -> "Beld"},
Frame - True, Framelabal -5 ("0/A", "Wa")
Plotiabel -> “E. T Inc + Scattered Smooth Cylinder
(Blus) va Corrugated Cylinder (Red, --1"|},
{Show|ErhoRagcylis, Eshocorss, PlotRange - |[shemin/lembda0, rhomaz/ lamsdad),
{0, Max[SolErhoregeylT™s, Solfrbos])),
BaseStyle - (Fontsizs -> 14, FontWeight - "Bald’},

Frame > Tru

Frame -> True, Framelabel -> ["pfi", "W

)
™ Scattersd Smosth Cylinder (Blue)
ws Corrugated Cylinder (Red, -},
Show[ErhoRegCylTMSandl, ErhoCorrSandl, PlotRangs -> {{rhomin/ lamhdan,
rhomax  lanbda0}], {0, Max[SolErhoreqcylTMSandI, SelErho]}}.
BaseStyle -» (FontSize -> 14, FontWeight —> "Bold"},
Frane -> True, Framelabel -> ("0/A", "Wa"),
PlotLabel -5

5, T™M Inc » Scattered Smooth Cylinder
(Blue) va Corrugated Cylinder (Red, --1"]},
(Show[EphitegCylTys, EphiCorrs, PlotRangs -> {[rhomin/lambdsd, rhomax/ lamsdat},
{9, Max(SolRphizegcylTs, SolEphis)}}.
BaseStyle -> (PontSize -> 14, PontWeight -> "Bold'},
Frama - Trus, Framslabal - ['a/A%, "Wm),
Plotlabel -> %, TH Scattered Smooth Cylinder (Blue)
va Corrugated Cylinder (med, --)°|.
Show|SphiRegCylTHSandI, EphiCorrsand?, TlotRange -» {{rhowin/ lasbdan,
thomax / lambda0], {9, Max[SolEphiregeylTMsandI, SelEphi]}).
BaseStyle -> (FontSize -> 14, FontWeight -> "Bold"},
Frame —» True, Framelabel - ('0/A", "W/m"),
PlotLabel -> ", TH Tnc + Scattered Smooth Cylinder
(Blus) vs Corrugated Cylinder (Red, --1"]},
{Show|[EAL1RegEy1TMS, EAL1CarzS, PlotRange -> {{zhomin /lanbdad,

P

rhomax / lesbdaC), (0, Max[SSLEAILS, SolEALLTME])},

BasasStyle -> (FontSize -> 14, FontWeight -> "Bold"},

Fraze -> True, FrameLabel -> (“p/i%, V/w'),

Plotlabel -> "Er.e.. TH Scattarad Smooth Cylindar

{Blue) vs Corrugated Cylinder (Red, V—J"].

Show| EALIRegCy THSARAl, EALICorrSandl, PlotRange -> {{rhomin,lambaa0,
rhomax / lanbdac), (0, Max[SSLEA1ITMSendI, SolEALLSandI]}},
eStyle -> {FontSize -> 14, FontWeight -> "Bold"},
Frase -> True, FrameLabel -> ("0/A", "V/a'),
Plotlabel -> "Erea T Tnc + Scattersd Smoth Cylinder

(Blue) vs Corrugated Cylinder (Red, --)"]}

i

TE Compare

s GraphicaGrid] [{show[EzRegcylTes, EzCorrs, PlotRange -»

{{bomin/lambdad, rhomax /lambda0}, (0, Max(SclEzregcylTES, SolEzs])).

BaseStyle -> (FontSize -> 14, PontWeight -> "Bald"},

Frame > Trus, FrameLabel > [“p/A%, "jm'),

Plotlabel -> "E. TE Scattarsd Smooth Cylinder (Blus)

e Corrugated Cylinder (Red, --1"],
Show|EaRegCy I TESandE, EECorrsandl, PlotRangs - |[rhominlambdad,

rhomaz / lanbda0), {0, Max[SclEzregcylTESandl, SolEz]}}.
eStyle -> {FontSize -> 14, FontWeight -> "Bold"},
Frame -> True, FrameLabel —» ("p/A", "V/m'},

Plotlabel -> "E, TE Ine + Scattered Smooth Cylinder
{Blus) ve Corrugsted Cylinder (Red, --)"]].
[Show|EchoReqCylTES, ErhoCorsS, PlotRange -» |[chomin/ lanidal, chomax /lambdad],
(0, Max[SclErhoregoylTEs, SolErhos]l],
BasaStyle -> (FontSize -> 14, FontWeight -> "Bold"},
Prame -> Trus, Framelabel -> {"m/d", "V/m"),
Plotiabel -> K, TE Scattered Smooth Cylinder (Blue)
va Corrugated Cylinder (Red,
Show|ErhoRegCy1TESandI, ErhoCorrSandl, FletRange -> {{rhomin/lambda0,
Fhomax / lambda0), (0, Wax[solErhoregoylTESandl, SolErha])}.

style -> (FontSize -» 14, FontWeight -> "Bold"},
Prase -> Trus, Framelabel -> {"e/", "V/m"),
Plotlabel -> "E, TE Inc + Scattered Smooth Cylinder

{Blue) va Corrugated Cylinder (Red, --)"|},

{Show|EphiReqCyLTES, EphiCozsS, PlotRange —» ([chomin/ lanidall, shomax/lanbda0},
{0, Max[SolBphiregcylTES, SolEphis])],

Style -> (FontSize -> 14, FontWeight -» "Bold"},

rme).

FPrame -> Trus, Framelsbel -> {"p/i",
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PlotLabel -> "E, TR Scattered Smooth Cylinder (Blue)
va Corrugated cylinder (Red, —)°|,
Show|EphiRegCyITESaadl, EphiCorzSandl, PlotRange -» | {chosin/ lasbdan,
shomax/ lambda0), (0, Max[SolEphiregcylTESandl, Selfphil}].
BaseStyle -> (PontSize -> 14, PontWeight -> "Bold'},
¥rama -> Trus, FramelLabal -> {"p/A%, *W, .
Plotiabel -> "E, TE Tnc + Scattered Smooth Cylinder
(Blue) vs Corrugated Cylinder (Red, --)7]},
Show[EAL1ReqeylTES, EALlCorss, PlotRange -> | [rhomin/lambdad,
Thomax/ lanbda0), (0, Max[SOlEALLTES, SolEAlls])},
BaseStyle -> (FontSize -> 14, FontWeight -> "Bold"},
Frame -> True, FrameLabel —> ("0/A", "W/m"},
PlotLabel -> "Er.s TE Scattersd Smooth Cylinder
(Blue) vs Corrugated Cylinder (Red, --)"
Show|EAl1RegCy1TESandl, EAl1CorzSandl, PlotRange -» {{rhomin/ lasbdan,
ehomax/ Lasbda0), (0, Max[SOlEAIITESandY, SolEAllSandl]}},
Bassstyls -> (FentSiza > 14, FontWeight > "Beld},
FrameLabal -> {"p/A"
PlotLabel —» "y TE Inc + Szattersd Smocth Cylinder

(Blus) vs Corrugated Cylinder (Red, --17]}

TM+TE Compare

- Graphicagrid|
{{shew[EsRegCyl THpluaTES, ExCorzs, PlotRange -> {{rhomin /lambdad, rhomax/
lambdac), (0, Max[solEzregeylTHplusTEs, SolEzs)}],
BaseStyle -> (FontSize -> 14, FontWeight -> "Bold'}, Frame -> True,
FrameLabel > ["5/1", "V/m’}, Plotlabel > "E. TH:TE Scattered Smooth
Cylindex (Blue) ve Corrugated Cylinder (Red, --)],
ho PlotRange -> [{chomin/ lanbda0,
homax/ lanbda0), {0, Max[SolEzregeylTMplusTESandI, Solkz]}),
BasaStyle -> (FoatSiza -> 14, FontWaight -> "Bold'},
Framelabel -> ("efA". "Wim")
PlotLabel -> ", TMTE Inc + Seattered Smooth Cylinder
(B1ua}
(show[Exhoregey mplusTEs, Erhocors, Platmangs > [ {rhomin/lasbdad,
thomax/ lanbda0), {0, Max[SolErhoreqcylTMplusTES, SolErnos]]),
Basestyle -» (vemtsiza > L4, Poncweight > 'Bold’),
Trame -> True, Framelabel -> ("p/A", "W/m")
PlotLabel > "E. THOTE Scattered Smooth Cylinder
(Blue) ve Corrugated Cylinder (Red, --)"],
Show|; PlotRange - {{chomin/ Lanbdad,

Frame > Tru

Corrugated Cylinder (msd, --]°])

Bt Mk s S e
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rhomax / lambda0}, {0, Max[SclErhoregcylTHplusTRSandl, SolErho]}}.
Basestyle -> (FontSize - 14, FentWeight —» "Bold"},
FPrase -> True, FraseLabel -> {"p/A", "V/a'),
Ploblabel -3 "E, TGTE In + Scattersd Smooth Cylinder
{Blus) va Corrugated Cylinder (Red, --)"]}.
{Show[EphiRegCyloMplusTiS, EphiCores, Pletkangs -» {[rhomin/ lambdad,
rhomax / lambdat), (0, Wax[Solfphiregey]THplusTES, Solsphis))},
stylo -» (Fontsize - 14, Fontwaight -» "Bold"),
Frame o> Trus, FrameLabel > ["p/i%, "Vjm'),
Plotiabel -3 "E, TMiTE Hcattared Smooth Cylindsr
{Blue) vs Corrugated Cylinder (Red, --]"].
PlotRange > [[rhomin / lasbdat,
rhomax / lanbdat), {0, Max[SclEphiregoylTMplusTESandT, SolEphi]}}.
Basestyle -> (FontSize -> 14, FontWeight -> "Bold"}
v/mey,
Plotlabel -> "E, TM.TE Inc + Scattared Smooth Cylinder
(Blum) ve Corrugated Cylinder (Red, -]},
{Show| EXL1RegCy1TES, EAl1CorsS, PlotRange -> ||rhomin/ lasbdad,
rhemax [ lambdad), (0, Max[SSlEALLS, SolEAllmMpluszss])],
BaseStyle -» (FontSize -» 14, FontWeight - "Bald’},
Frame -» Trus, FramsLabsl -» ("p/A", "V/m"l,
Plotlabel - "Er.. TH:TE Scattersd Smooth Cylinder
(Red, -

FPrame -> Trus, Framelsbel -> {"p/i",

{Blua) vs Corrugated Cylind

Plothange > {[rhomin/ lasbdad,
rhomax / lambda0}, {0, Max[SclEA11TMplusTESandl, SolEAl1Sandr)}},
Basestyle - (FontSize -> 14, FontWeight -> "Bold"},
Frase -> Trus, Framelabel -> ("p/A", "V/a"),
PlotLabel -3 "Ene. TH4TE Inc + Scattered Smooth
Cylinder (Blus) vs Corrugsted Cylinder (Red, -="]}

i

TM, TE, TM+TE Compare

{41 ROXYPlots = GraphicsGrid||{Show|EzRegCylTeS, ExCorrs, PlotRange ->
{{sbomin/ Lambdad, rhomax/lambdad), (0, Max[SolEzregeylms, SolEzs])}.
Basestyle -5 (Foneaizs -3 14, Fontweignt -5 "Bald"}

Frame -> True, FrameLabel -> (“p/A%, *V
Plotiabel -3 "E, TM Scattersd Smooth Cylinder (Bius)
va Corrugated Cylinger (aed, --)'],
"Es TE Does Mot Exist”,
Show|EeRegCy 1 THpLUATES, BeCorrs, PlotRange —» [{rhomin /lambaad,
rhomaz / lanbda0}, (0, Max[SclEzregcylTMplusTES, SolEzs])},
BaseStyle -> (FontSize - 14, FontWeight -> "Beld"},
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Frame

Trus, Framalabel -> ('e/A%, "W/m"),
Plotlabel -5 "E. TM.TE Scattered Smooth Cylinder
(8lue) vs Corrugated Cylinder (Red, --)"]},

{show[szRegcylTmsands, EaCorzsandI, PlotRange -
{{rhomin /1ambaa0, rhomax /lambdau), (0, Max[SolEzregeylTMsandT, SelEz]}},
BaseStyle > (FentSize -» 14, FontWeight > "Beld'},
Frame -> True, Framelabel -> ("0fA", "W/},
PlotLabel > "E, TH Tnc + Scattered Smooth Cylinder
(Blue) va Corrugated Cylinder (Red, --]"],
“E, TE Doss Not Exist’,
Show|ExRageylTplusTESandl,
EzCorssandl, Plethangs > [[shomin/lembda0, rhomax/lambdao),
{0, Max[SolEzregcylTMplusTESandl, SolBz]}},
Basestyle -> (FontSize -> 14, FontWeight -> "Bold"},
Frame => True, Frametabel => ["pfA®, “W/m"),
PlotLabel -> "E. TMOTE Inc + Seattarad Smooth cylinder
Blue) ve Corrugated Cylinder (Red, —-}"]}.

{$how[EzhoRegCylTHS, ErhoCorsS, PletRange ->

{{rhomin/ lanbaa0, rhomax/lanbdan), (0, Max[SolErhoregeylTS, SolErhes]}}.
BaseStyle -» (FontSize -> 14, FontWeight -> "Bold'},

Frame -> True, Framelabal -> ["e/A", "W/

)
PlotLabel -> "E. T Scattesed Smocth Cylinder (Elue)
vs Corrugated Cylinder (Red, =-}7],
Show|ErhoRasCyITES, ErhoCerss, Ploshange -» |(zhomin/ lambdad,
chomax/ lanbda0), {0, Max[SolErhoregeylTEs, Solfrhos]})
Basestyle -> (FontSize -> 14, Fontweight -> "Bold"},
Frame -> True, FrameLabel -> {"p/i". "W,

)
Plotiacel - "E, TR Scattered Smocth Cylinder (Elue)
ws Corrugated Cylinder (Red, --)"].
Show[ErhoRegCy TMpLuATES, Erhocorrs, PletRange - |[rhemin/lasbdad,
cthomax / lanbda0], {0, Max[SolErhcregeylTMplusTES, SelErhoSl)}.
BaseStyle -> (FontSize -> 14, FontWaight -> "Bold'},
Frame -> True, Framelabal -> ("e/A%, "Wa"),
PlotLabel -» °E, TMOTE Scattared Smooth Cylinder
(Blus) vs Gorrugated Cylinder (Red, --1°]],

{Show[ExhoReqCylTHSandI, ErhoCorrSandl, PlotRange -» [{rhomin lasbdal,
chomax / lambdan], (0, Max[SolErhoregeylTSandl, SalBrko]}),

Basestyle -> (Fontsize -> 14, Fontwaight -> "Bold*),

Frana -> Trus, FrameLabel -> ('p/X%, "Wmr),

PlotLabel —> "E, TM Inc + Seattered Smooth Cylinder

50 | PO Resaaron Garen_Fn_va.1.00

{Blus) vs Corrugated Cylinder (Red, --)"],

Show[ExhoRegCy1TESandl, ErhoforrSand?, Plotfangs -> {[rhomin/lambdad,
rhomax / lambdad), (0, Max[SclErhoregeylTEsandi, Solirkall},

BaseStyle -> (FontSize -> 14, FontWeight -> "Bold"},

Frame -> True, FrameLabel -» ("p/A", "V/m'},

Plotlabel -> 'E, TE Inc + Scattered Smooth Cylinder (Blus) ve Corrugated
Cylinder (Red, --}7], Show[ErhoResCylTHplusTESandI,

EchoCorrSandl, PlotRange -> {{rhomin/lambda0, rhomax/lanbdad},
(0. Max(SolErhoregoylTiplusTESandl. SolEcho)}.

Style -> (FontSize -> 14, FontWeight -> "Bald"},

Frase -> Trus, FrameLabel -» ("5/d", "V/m'}.
Flotlabel -> “E, THeTE Inc + Scattersd Smeoth Cylinder
(Blsa) vs Corrugates cylinar (Red, --)]}.

{show[Fphinegcylmus, Ephicorss, plotmangs —»
{{#homin / Lambdad, rhomax/lambda0), [0, Max[SelEphiregeylrss, Solkphis])},
Basestyls -> (Fontsize -> 14, FontWaight -> "Bold’},
Frame -> Trus, FrameLabel -» ("p/A, "Vim"},
Plotlabel -» "B, TM Seattered Smooth Gylinder (Blue)
vs Corrugated Cylinder (Red, --)'],
Show|EphiRegCy1TES, EphiCorrS, PlotRange -» |{rhomin/ lambdal,
rhomax / lagbdaC), (0, Max[SclEphizegoylTES, SolEphis]}},
Style -> (FontSize -» 14, FontWeight -> "Bold"},

Frase -> Trus, Framelabel -> ("e/A", "V/m'},
Ploblebel -5 "E, TE Scattered Smooth Cylinder (Blus}
va Corrugated Cylindez (Red, --)'],
Show[EphiRegCy1THplusTeS, EphiCorsS, FlotRange > {[rhamin/lambda0,
rhomax / lanbda0), (0, Max[SolEphiregcylTMplusTeS, solEphis])},
Basestyle -> {FontSize -> 14, FontWeight -> "Bold"},
Frame -> Trus, FrameLabel -> {"p/A", "V/m'},
Plotlabel -> "E, TM.TE Scattered Smooth Cylinder
(Blue) va Corrugated Cylindsr (Red, --)"]}.

{show|EphiRegCy1TMSandI, EphiCorrSandl. PlotRange -> {{chemin/ lambda0,
rhomaz / lanbda0), (0, Max[SolEphiregcylTMSandl, SolEphi])},

Basestyle -> (FontSize - 14, FontWeight -> "Bald"}

Frame -> Trus, Framelabel > [“p/A%, "Vjm'),
Ploblebel -5 "E, TM Inc + Scattered Smooth Cylinder
{Blue) vs Corrugated Cylinder (Ked, =-)'],
Show| EphiRegCy1TESand!, EphiCorrSand?, PlotRange > {{zhomin /lambda0,
rhomax /[ 1ambdal], (0, Max[SelEphiregcylTEsandr, Solephill},
Basestyls -> (FontSize -> 14, FontwWaight -> "Bold"},
Frame -> True, FrameLabel -» ("p/A", "V/m'},
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PlotLabel -> "E, TE Tnc + Scattered Smooth Cylinder (Blus) va Corrugated
Cylinder (Red, —-)'|, Show[EphiRegCylTMplusTESandI,
EphiCarzSandl, PlotRangs -> |[rhomin/lasbdad, rhemax/lasbda0),
10, Max({SollphizegeylTMplusTESandl, SolEphil)},
BaseStyle -> (PontSize -> 14, PontWeight -> "Bold'},
Frams - Trus, Framslabal - ['a/AT, "Wmt),
PlotLabel -> K, TMTE Inc + Scattersd Smooth Cylinder
Bluo) vs Corrugated Cylinder (Red, —-17]],

{show[sALiRegeyl TS, EALiCorzs, PlotRange ->
{{rhomin /lanbda0, rhomax/lambdal}, (0, Max[SolEALLS, SolEA11THS]}},
BaseStyle —» (FontSize -> 14, FontWeight —> "Bold"},
Frame -> True, Framelabal -> ("a/A", "Wa"),
PlotLabel -> "Er.. TH Scattered Smooth Cylinder
(Blue) vs Corrugated Cylinder (Red, =-]"],
Show|EALIRagCy1TES, EAl1CorcS, PlotRange -> {[rhomin/lambdan,
chomax/ lambdal], {0, Mex[SolEALLS, SclEAILTES])},
BasaStyle -> (FontSize -> 14, PontWeight -> "Bold'},

FrameLabal -3 (/A" "V,

1
Plotiabel > "Ry TE Seattersd Smacth Cylinder
(81us) ve Gerrugared cylinder (Red, —)7].
Show[EALIRegCy1TMpluaTES, EALICorrS, PlotRange
{{zhomin /lambaa0, rhomax/lambdan), (0, Max[SolEAllS, SolEAllTMpluaTES|}},
Basestyle -» (Fontsize -> 14, FontWeight - "Bold'},
Framelabel -> {"p/A", "W/m"},
PlotLabel -3 “Er. THATE Scattered Smooth Cylinder
(Blue) ve Corrugated Cylinder (Red, --17]},

Frama -> Trus

{Show[EA11Regey] THSandT, EAI1CorrSand), PlotRange -> ({rhomin/lambdad,
rhomax/ lambda0), {0, Max[SolEAllTMSandI, SolEAllSandI]}},
BaseStyle - (FoatSizs -> 14, FontWeight -> "Beld'},

¥rame > Tru

FrameLabal -> ["p/A’

Plotiabal -» " TH Inc + Szattsrsd Smooth Cylinder
(Blug) vs Corrugated Cylinder (Red, --)"],

Plotrangs —> ({rhomin/ lambda0,
rhomax / lanbda0}, {0, Max[SolEAl1TMplusTESandI, SelEAllSandI]}},

BaseStyle > (FontSiza -> 14, FontWaight > "Bold"},

Frane - True, Framelabel - ("0/A", “Wim®),

PlotLabel -> "Ersis THTE Inc + Scattered Smooth
Cylinder (Blue) vs Corrugated Cylinder (Red, --37],

Show|[EALIRagCy 1 THpl us TESandl, EA11CorsSandl, PlotRange - ({rhomin/ lanbdal,
rhomax/ lambda), (0, Max[SolEAllTMplusTESandl, SolEALlSandI]]],

BaseStyle -» (FontSiza -> 14, FontWeight -> "Bold},

Bt Mk s S e

52 | PhD Research Gorcia Final vi.Lnb

Frame -> True, Framelabal -> {"p/A", "V/ar),
Plotlabel -> "Ersi THOTE Ing + Scattered Smooth
Cylinder (Blus) va Corrugated Cylinder (Red, --)"]}

port | ing( ra", 1 ;

Speak["The rho plots are done”]

Empty Arrays for Storing Field Solutions - Changing Phi
Corrugated Cylinder Empty Arrays

Scattered + Incident Arrays

jwss. Eatemp = ConstantArzay(0, Length{phizange]]:
Fphitesp = ConstantArray[0, Length(phizange] ];
Erhotesp = Constantarray(0, Length(phizange] )

Scattered Only Arrays

‘e EatempS = Constaathsray(0, Length[phirangel]l;
Ephitesps = Constanthrray[0, Length(phirange]
Exhotesps = Constanthrzay[0, Length[phirange]

Incident Only Arrays

ExtempI= Constanthrray[0, Length(phirange]];
Ephitespl = Constanthrray[0, Length(phirange]]:
Exhotespl « Constanthrray[0, Length[phirange]

Regular (“Smooth") Cylinder Empty Arrays

Scattered + Incident Arrays (TM and TE)

] (o, 1

= 1
EphiregcylTESandI = ConstantArray(D, Lengthphizange]] ;
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Scattered Only Arrays (TM and TE)

to, 1
0. 1

- o, i
- 0, 1i

Incident Only Arrays (TM and TE}

- [
- o, 1
= o, f
- o, i

Changing Phi Do Loop Calculation

Do Loop

" ount s 1;
neount = 1;
pr
Joount = 1;

b= pfax; (eObservation p for use in polar plotss)

oo
(s8te814)
#1 = #ivalue; (+Only if considered unique and distinct from scattered fields)

{sRegion 11 temp variables, Scattered Field Componants)
EiTzatemp = 0;

ElTphistemp
Ellrhostesp = 0;

HITzstemp =

S4 | PO Resaaron Garen_Fin_ve.1.00

HIIphistems = O
HIIrhostemp - O

(sRegion IT temp variables, Incident Field Components)
EXlstenp = 0;

EITphiTtamg = 0;

EXlsnoltems = 0;

(+Region II tesp varisbles, Total Fielde)

Elfrhotesp = 0;
iTehotemp = O;

(+Ragion T tamp variablass)
Elzcamp= 0;

EIphitenp = 0;

Hlztemp= 0;

HIphitesp = 0;

Elshotemp = 0;

Hlrhotemp = 0

(+Smooth Cylindezs)

[p < 02,
{+TADRS)
EzrogoylTHsandi| [count] | = 0;
ErregeylTHS | [count]] = 0;
Errageylc [ [eount]] - 0
ErhoregeylTHSandI [ [count]
ErhorageylTHS [ [count]] = 0
ErhoregeylTHI[ [count]] = 0;
‘EphirageylTHSandI [ [count]
‘Ephiregeyl TS| [eount]]
EphiregeylTMI[ [count]] = 0
Exrogeyl ESandi| [count] | - 0;
ExregeylTES| [count]] = 0;
EzregeylTEI[ [eount]] = B;
Erhoregeyl TESandD [ [count] | - 0;
ErhoregeylTas [ [count]] = 0
‘ErhorageylTRI[ [count]] = 0;
‘EphiregeylTESandI( [count]
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Ephizegey1TES|[count]] = 0
EphizegeyiTEI((ceunt]] = 0

(+FALSE:)
[eount]] « o xooli
Ezzegeylmua([eount] | » EzeylmSld, =, ol
ExregeylTHE|[count] | = EcylTMI|®, z, pl
[oount]] - o= 0l

ErhorsgoyiTHS([count]] = BrhacylTHS[s, =, 4] ;
ErhoregeylTHI([cownt]] = ErhocylTHI[#4, =, o)

foount]] = Bph oz o0l
EphizegeylTus|[count]] = EphicylTNS[8, =, o] ;
EphizegeylTHI| [count]] = EphicylTMI[$3, =, £];

[eeunt]] = (62, 8. 2, 01
ExrageylTES|[count] | « ExeylTRS[4, =, o]/
EBzzegeylTEr([count] ] « EscylTEI[SL, £, Al

feoune ] - oz o)
ExhoregeylTES([count]] = ErhocylTES(#, =, o]
ErhoregeylTET|[count]] - ErhocylTEI[$1, %, p];

{count] ] = DRy

EphiregeylTES|[count]] = Ephiey)TES[®. £, 0] ;
EphizegeylTET{[count]] = EphicyITEI[84, 2, 7

I£[p 3 5L, (sChack to sse if inside conductor or mote)
1£[-a/2:258/2, (sChack to sem if in boundazy 'a’ er beundary 'B's)
(e )
(+ In boundary 'a’ but atill nesd to determine if in Region I or Iis)
boundarycheck = "Boundary a";
If[o <02, (+Region I fields, boundazy 'a'e)
(sRegion I fields, beundary ‘a's)
Fox[ncount = 1, acount s ngty, ncount +s,
= nrange( (neount] ] :
For[lcount = 1, leount = lgty, leountes,
1+ 1range[[1count]];
=« Lrange[[lcount]];

17 TRUE-.
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index = [{ncount - 1) « (1qty)} + lcount;
Elstemp - EXztecp . (hamjeq(e, 2, o]  Anm( (index] ) ;
Elphitenp - Elphitempe
(knmjeq(#, z, 2] « Anm[[index]] + lamjeq|
HIztemp « HIztesp s {inmjeq[d, =, p] = Bom[[index] ]) ;
HIphitamp - HIphitemp +
(onmjeql#, x, p] + Anm|[index]] « pamjeq(4, =, o] + Bum [index]]);
Elrhotemp = Elrhotemp + (rnmjeq(¢, =, p| « Anm[[index]] +
snmjoqld, =, p] + Snn| [index]] )¢
HIrhotamp = RIrhotemp + (trm3iaqgle, =, o] « Anm[[indax]] +
unmjeq(é, =, p] « Bum| [index]]):

» 2. o]+ Bom[ [index]]) ;

i

(+Region 1T fields, boundary
Fox[ncount = 1, neount < nqty, ncount s,

o = nrange[ [neount]];

ate)

For[Leount = 1, leount < lgty, leount.s

1« dzangs( [1eamnt]];
m = lrange[ [leount]] ;
sndax - [ [noount - 1) 4 (lqey) ) + lesune:
{+Scattered Field Portion Firsts)
SXTratemp = BiTcatemps anljeq(d, =, p] = Calaf [index]]
S17phistesp = EIphistenp -

(enldeqld, =, o] +Cnla[ [1ndax]] + enljeqls, 2, p] «Dnla[[index]]);
HITzatenp = HITzatemps gnljeq(#, z, o] & Dnlaf (index)]|
HITphistesp - HIIphistemp+

(nnljeqis. =, o] +Calal [index]] + gnl3eq(s. =, o] Dnla[ {index]])
ElIrhostenp « ExZrhostemp+ (valjeq(d, =, p] »Cola[[index]] »

wnljeq(@, z, p] +Dnlal[indax]]);

HIIrhostemp - HIIrhostemp+ (xnljeq(e, =, o] »Cala[[index]] +

yaljeq(d, =, p] + Onla[[index]]};

)s
(+ada Incident and Scattered Fialds)
Ellztenp = bnjeq(#4, 2. o] + EXTzatemp:
EIlphitenp - dnjeq(éi. #, o] + EXIphistemp:
RIZztenp = fnjeq(#i, 2, o] + RETzatemp;
mndeqlél, =, p)
Ellrhotenp = ynjeq(oi. =, o] + EXIzhostemp:
EITrhoteap - éajeqléi, z, o] + HIIzhostemp;

{+Incident Fields Onlys)
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Eztempl[ [ccunt]] = bnjeqléi, =, o1 yalisalé, z, o1 +Dnlbl[index]]};
Ephitenp?{[count]] = dnisaléd, =, p); 1
Erhotempi{ [count] ) = ynjeqled, =, o): 1
(+Add Incident and Scattered Fialds)
(+Scattered Field onlys)
EITzatemp - EXTzatenp; EIlztenp - bnjeq(#1, 7, p] + EXTzstemp;
EIlphistemp = EXIphistemp: Exiphitenp - dnjeqidi. z, o] + EXiphistenp;
EXTrhostemp = ElIrhostemp; AIlstenp = fjeq($1, =, o] + RITzatemp;
EIIphitemp = majeq(éL. =, 5] + HITphistemp;
B RIT:hotenp = ynjeqléi, =, p] »EXIrhostemp;
BIlrnotemp s snjeq(éi. z, o] +HITrhostemp:
(e -1% ravse- 2} (o In boundazy ©
B Eut still nesd o datermine if in Cylindes or Region 15s) (+Incident Fislds Onlys}
boundarycheck = "Boundary b ExtempI[[count]] = bjeqléd, x, ol;
[0 <p2, (+In Cylindar, boundary 'b's) Ephitenpi| [count]] = dnjeq(ed, =, 0];
Eztemp[[count]] = Extamp| [count]] + 0; Exhotempl| [seunt]] = ynjeqlé, =, pl:
Ephitemp[[count]] = Ephitemp([count]] +
Exhotemp[[count]] = Ezhotemp([count]] + O; (+Scattared Field onlys)
ElTzstesp = EITastenp;
EztempS[ [count]] = EstempS| [count] ] +0; EITphistenp = EXTphistenp;
Ephitenps|[count]] = EphitempS| [count]]  0; Ellrhostemp = EXLchostamp;
Echotenps| [count]] = EchotempS| [count]] + 0;
Bztemp| [count]] = Hztemp| [count]] + 05 ] cmwe zr starEam) ;,
Bphitemp[ [count]] = Hphitemp([count]] + ©; Eztemp([count]] = Extemp[[count]] + 0;
Erhotemp[[count]] « Bzhotenp[[count]) + Ephitemp| [count] ] « Ephitemp] [sount] ] + 0
(+Ragion IT fislds, boundary 'b's) Erhotemp| [count] ] = Erhotemp] [count] ] + 0;
For[ncount = 1, ncount < nqry, Reount 4+,
£ = arange| [ncount] ] ; ErtompS[ [count]] = ExtempS|[count]] + 0;
Foz[lcount = 1, loount 5 lgty, Loountes, Ephitemps [ [count]] = Ephitemps| [count]] + 0;
1= lranga[[leount]]: Erhotemps [ [count]] = Erhotemps| [count]] + 0;
range[[1count]]
index = [ (ncount -1) « (1qty)) + lcount; Hatemp|[count]] = Hztemp([count]] + 0;
(+Seattered Field Portion Fizsts) Hphitemp| [eount] | = Bphitemp] [count] ] + 0
Ellzstesp = Rllzstesp« anljeqld, z, o] «Calb|[index]]; Hrhotemp| [count] | = Rrhotemp] [couat] ] = 0;
Ellphistemp « EIIphistemp s
(enljeqld, z, p] + Crlb[[index]] + enljeal$, =, p] = Onlb[ [index]]}; (+AL1 E-fialds zeross)
Ellastesy = HTIssteny o gnlieqld, =, o = Dalb{[index]]; i
H1iphistemp « HIIphistenp s
(nnljeqlé, z. p] » Cnlb|[index]] + guljeqlé. =, o] = Onlb( [index]] Extemp|[count]] - Elztesp. RITztemp;
=11rhostemp = 21Irhostemp + (valjeq(4, =, o] + Calb] [index]] + Ephitemp] [count] | = siphitemp+ E1Iphitamp;
wn1jeqls, =, p] « Onlb[ [index]]) ; Erhotamp| [count] | = EIrhotamp s EXIEhotamp;
AITrhostemp = KITrhostemp: (xnljeq(d, 2, 0] + Calb[ [index)] +
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Extemps| [count] ] = EztempS|[count]] + ETTzatemp;
Ephitemps({count]] = Ephitemps| (count| ] + EXIphistanp:
Erhotesps[[count]] = ExhotempS| [count] ] + EXTrhostamp;

Hetemp[[count]] = BIztemp e HIIztenp;
fiphitamp [[count]] - Hiphitenp + G1Iphitenp;
Sirhotesp | [count]] = Trhotemp  BITxhotemp;

count - count« 1;
. (@, phirange[[1]], phirange|[Lengch(phirangs]] ), phidelta)];
{sClose of 'Do loop's)

Solution for Plots - Corrugated Cylinder

{Incident s Scattered Soluticns)
SolEe = W[Abs (Eztemp]];
datals - Transpose({phirangs, SelEz)];

SolEphs « N[Abs[Ephitemm]];
dataZphi - Transpose|(phirange, SolZphil];

SolErho = N[Abs[Erhotemp]];
dataErho = Transpose|(phirangs, SolErho}];

SolEAL1SandT =
[ ((Erhotenp) - (Ephitemp) +
{ {Echotesp) 5 + (Ephitemp) « Cos [ph
dataEAllSandl = Transpose| (phirange, SolEALlSandl)];

yras
132+ (Rxtemp) 2111

(+8cattersd Only Solutione)
N [Abs [Extemps] ] ;
datazS « Transpose[ {phirange, SolEx8]];

solEzs

SolEphis = N[Abs[Ephitemps]];
dataEphis = Transposs|{phirange, SolEphis));

SolErhos = N[Abs[Erhotesps]];

datagrhos = Transpose|{phirange, SolErhos)];

SolEALLS = N{Abs[Sqrt[ (Erhotemps + Cos|phirange] - Ephitemps s Sin{phirange]) “2+
: +Rphi {phiranga]) “2 + (Extemps) “2111;
SoLEALLS} ¢

dataBALlS = Transpo:

1 (phizange,
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(+RES Solutions)
RCSSolEs = (44Pis (2°2)) + ([ (Abe(Extenps)) ~2) / ( (Abs(EatempI]
RCSdatal: = Transpose[{phizange, RCSSO1Es)];

ACSSolEsho

{8+Pix (p72)) » (((Abs(Echotemps]) “2) / {(Abs[Echotanp1]) ~2)) ;

Ressolephi = (4+Pis (5°2)) « ([ (Abs(Ephitemps]) ~2) / ((Abs[Ephitemp1]) “2));

RCSS01EALLS = Sqrt| phirange] %2
(Erhotemps + $in (phirange] + Ephitemps « Cos(phirange]) “2+ (Bztemps) “2];
RCSSOLERLLT = Sqrt| (ExhotempT » Cos [phirange] - EphitempT » Sin[phizange]) “2 +
(Echotemp! + Sin(phizange] + EphitenpT « Cos(phirange]) 2+ (Eztempl) “2];
RC3SOIENLL = (4= Bin (p2)) v | ({Aos[RCIS01EA11S]) ~2) / [ (Abe [RCSSOIEALIT]) *2));
RCSAAtaIALl - Transpose[ (phirange, RCSSOlEALL}];

(+RES Solution - in dBa)

. 0. i

ReSdata¥rhods - Transpose|[phirange, 10+ Logl0[ReS8olZzhe] )]
RCSAataFEhids = Transposs((Phirangs, 10+ Logl[RCSSolmphi])];
RCSdataBAlldE = Transpesel(phirange, 10 +Logl0[RCSSolEALL]}];

Solution for Plots - Regular “Smooth” Cylinder

TM Mode Solutions

(+Incident  Scattered Solutionms)

dataEzregoylTisandl = Transpose|{phizange, SolEzregoylTsand)];

= 1
dataErhoregeyl TMSand] « Transpose[ (phirange, SalErhoregeylTMSandl}];

AEphi - L IR

dataBphizegeylTHARd = Transpoas | (PhiTangs, SalFphiregeyliMsandr}];

SolEALLTHS =

(Baregeylmis) “2)]];
dataEALITMS - Transpose[ {phirange, SolEALITMS)];
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(+8cattered Gnly Solutione)
SolEzregeyliMs = N[Abs (EzregeylTMs]);
dataBzregeylTHS = Transpose| [phirange, SolSzregeylTHs));

SolErhorageylTHS = N[Aba [ErhoregeylTHs]] ;
dataEshorequylTiS = Transpose( (phirange, SelEzhoregeylTMs));

SolEphiregeylTHS = N[Abs Ephiregeylms]] ;
dataBphizeqoylTHS = Transpose| {phirange, SolEphiregeylTMS}];

So1EAL1TMSandl = N[Abs[Sqrt[
t B h: 1724
¢ « 5in(phizange] « )n2e
(EzregayiTHSandz) *2]1];
dacaEAllTMSandl « Transpose[(phirange, SolEAllTMSandI)];

(+Rcs solutions)
ROSSolEEreqeylTH =
(4epie(on2)) = (( yra) /o )r2))s

RCSdataBzregeylTH = Transpose[ (phizange, RESSolEzregeylTH)]

RCSSolErhorageylT™H =
{aais(on2)) s [( yr2) / ((amsg
RCSdataBrhoregeylf « Transpose| (phirangs, RCSSolErhoregeylT)];

10 -2))s

RESSo1EphirageylTH -

{4emieo=2)) o (( y2) / ((absp )~2))s
- 1
FCSSolEregeylTHALLE =
sqzt . . yeas
. phicangs]) "2+
(Becegeylmus) “2|;
RCSSolEragey)HALLY = Sqzt [
e - Epharegeylmers )oze
s ouphi phicange]) *2+
(Exregeylmur) ~2]
RCSSolEregeylTMALL s (42 2is (5°2)] »
((aear 181y 2) / ( 11])~2)) ;

Resdatazregeylnall - Transpose| (phirange, RCSSolfregeylTHALL}];

(+RCS Solution - in dBe)
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RCSdatakzregoylTMdE « Transposs|{phirangs, 10+ LoglO[RCSSclEzregeoylT™™])];
- phirangs, 10+ i
. phirange, 10+ i i
RCSdataZregoylTHALLAE = Transpose {phizange, 10 Loglo(RC3Sc1Eregoylmaall] }];

TE Mode Solutions

pmir. (sIncident + Scattared Solutioms)

TESandT - 1

dataBzreqoylTESandI = Transposs|(Phirangs, SolEzreqoylTESandI)];

11s
[{phizange, SolErhoregeylTESandl}];

dat aErhoregey]TESand] = Tranepos

SolEph - N[ 1

dataZphiregeylTESandl « Transpess((phirange, SolEphirsgeylTESandl}];

SolERLLTESandX « N[abs[Sqrt[
( « Cos[ph: T

« Sin[phiranga]) "2+

} + Sin[phiranga] + . )24
(EzregeylTESandr) ~21)1;
dataEALITESAndT = Transpose|(phirange, SolEAlITESandI}];

{+5cattered Only Solutions)
SolEzregeylTEs = N[Abs(EzregoylTes]);

- 8o 1

SolErhoregeylTES = K[Abs[EchoregeylTES]];
datafrhoregeylTES » Transposs [{phizange, SolEzhoregeylTES)];

SolEphirageylTES « N[Abs[EphiregeylTEs]):
datasphiregeylTES « Transposs |{phirange, SoliphiregeylTes)];

SolERLLTES =

-~ Eph )2s
inphi N 1oz
(BaregeylTEs) “2]]];
dataEALITES - Transpose[ {phirange, SolEALITES)];

(-GS Seluticns)
(+RCSSolExregeylTE « DNE:s)
(+RCSdatalzregeylTE =DNE;e)
AeSSalErhoregeylTE -
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{4emiapn2)) o ({ y=2) / ((absp y2))
= 1
sesbotmiisuiinn s
(ee2ae fon2) « (( yo2) / ((ant 12))s

ReSdataEphiregcylfe = Transpese|(phirangs, RCSSolEphiregeyliz}];

RCsSolErageylTEALLS =
sazt| - =
. ez
(ExregeylTES) "21;
RoSSolEregeylTEALLE = Squt.(
. - EphiregeylTET. )e2.
. . + Cos(phirange]) "2+
(Exregey1Ten) “2);
RCSSolEregeylTEAIL = (44 Pie (072))

(st 151 °2) / ( 11))2)):
P e T e L L e e e

[+RCS Solution - in du}
RCSdataErhereqoylTEAB = Transposs| (phiranga, 104 Logi0[ RCSSolEFhoregaylTE])];
RCsdatalphiregoylTEdE = Transpose| [phirange, 10+ logl0[RCSSolEphiregeylTE]}];

TEAL1dE = 104 1

TM + TE Mode Solutions

{eIncident + Scattered Solutions)
H{Absl . 10
dataEzregoylTMplusTESand! = Transpose| (phicange, SolEzregeylTMplusTESendl)];

= + Erhoregeylmisandr] ]
dat aBrhoreqgeyl THplusTESand] = Transpose| (phirange, SolrhoregeylTMplusTESandI}];

g - 5 TESand? + £phi 3

dataBphd regey] TMp LuSTESARAI - Transposa| (phirange, SolEphiregeylTHplusTESsndr)];
asphi rageyl T sposal (phirangs, iphi ragey 1 Tap: 1

501BALLTHMpIUSTESANAE =
(ABa [SarE ( . -

. . )rze

¢ + Behe L a1y o +

{Ephi + Cos[phi 1) ~2+

(BzregeylTESandI + ExregeylTSandI) “2] 1]
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dataEAllTMplusTESand] = Transpose|{phirange, SolEALlTMplusTESandT}];

(+Scattered Only Sclutions)

1
dataBzregeylTiplusTES « Transposs[ (phirange, SolEzregeylTHplusTES)];

= L .

datagzhoregoyl THplusTES = Transposal (Fhirang

1
selErhoregeylTMplusTES} ] ;

dataBphiregoyl THplusTES = Transpose({phirange, SelEphiregcylTHplusTRS}

SoIERLITHplusTES = W[Abs[Sqrt[( -
(EphiregeylTES + EphiregeylTis) « Sin(phirange]) “2+
¢ sk 3
s « Cos[ph 1) "2+ 2111
dataEALITMplusTES - Transposs[{phizange, SclERLLTMplusTES)];

(+8eS Saluticns)
RC8SolErregoyl THplusTE = [4+Fie (7))
172) /( 1°2))s

ReSdataBzregoylTMplusTE = Transpose| (phirange, RCSSolEzregeylTMplusTE)]:

RCSSolErhoregoylMplusTe =
(42540 [0°2)) « ({¢Aba[EchoregeylTES « Rrhorageylmus) ) 2] /
((AbsExhoregeyl BT + Erhoregoylmu] | “2)) ;
RCSdutaBrhoregaylTHplusTE = Transpose| (phirangs, RCSSolRrhoregaylfMplusTE}]:

RESSo1Ephiregeyl iplasTE «
[ax21s [p~2)) | (ADS[EphirageylTES + EphirageylTos] ) ~2) /
({Abs[EphiregeylTEL + Ephizageylmui]) ~2));
RESdataZphiregoylTMplusTE « Transpose((phirange, RCSSolZphiregeylTplusTE)];

RCESolEragoyl TMplusTEALLS = Sqrt[
g ~ (mph .

praet + Sin[phirange] +
)

2+ (BeragoyiTEs + EzzegoylTHs) “2);
RESSolErageylTHplusTEALLE = Sqrt[( (EshoregoylTET + ExhorageylTHI) « Cos (phirange] -
o)

o )oze
( . «$in[ph 1+
TEL + Cos{phirangs]) -

2+ (ExrageylTEI. EzregeylTel) “3];
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RCSSolEregeylTHelusTERLL » (4+Pis (542)) +
(b 18)) ~2) / { 1) ~2) )

1 11= @ n1;

(+RCs solution - in dBa)
RCSdataEzregeyITMPLUSTEES =

Transpose[ (phirange, 10+Logl0[RCSSolEzregeylTMplusTE])];
FRosdatazhoregeyl THplusTEdD =

Transpose [ (phirange, 10+Logl0[RCSSolErhoregeylTHplusTE]}) ¢
RCSdataEphiregeylTHplusTEdS =

Transpose[ (phirange, 10+ Logl0[RCSSolEphiregeylTHplusTE]}] ¢
RCSdatakregey] TolusTERL 1B «

Transposs((phirangs, 10+Logl0[RCSSolEragey THplusTEALL]}] ¢

Export Data [Changing Rho Data]

dataZ = (a, b, 02, pl, Eztemps, Bzempl, Erhotemps, Erhotempl, Ephitemps, Ephitempl,
s 1mae

18T, ™ 1
EphiregeylTMI, shorange, o, lanbdal, 61, ¢, EO, HO, £0, rhomin, rhomax,
shodelta, zpoint, jgty, #3, nmin, nmax, ngey, lmin, lmax, lgty, mmin, mmex, 1qty,
mmaxcheck, lmaxcheck, boundarychack, Eztemp, Ephitemp, Erhotenp, da, ¢ivalue);

", 1, data)
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Changing Phi Polar Plots

Table of Parameters

i3
-5}, (£0 e, nav, e
4 “}. {n/ Lambdat "2+,
(b/ Lambda0 "%, "=, “=4}, {01/ Lambdad *ar, #-7, 0-e, vor, 0],

{p2/ 1amban0 "an, non, wan, = . u[ (phiranga((1]]) » (180/1)] "Dag",
N[ (phirange( [Length{phizange]]1]) + (180 /R4) | "Deg",

H[ (phidelts) + (160 /i) ] "Deg”, Leagth(phizange]], [o/ lasbda0 A", ",

o tablevalues = {(N[EO) "¥/m", *
(N[HO] “A/m", "=,
{Lambctat m,

1an, nen, 5n], (apeint 7 a"a® &4 spoint/ Laabdad A", "%, 1%, tat, 120,
(7o, mam, nan, mn, oty (W[6L (180/34)] "Dage, nun, nan, o, won),
{¥[ess (180 /3] ] "Dage, *-, #-%, w-v, =0,

("-", nmin, nmax, "1%, nqty), {*-", lmin, lmax, "1%, lqty),
("=, mmin, mmax, "1%, lgy), (mmaxehack, '-%, "7, "o,
{imaxcheck, "-", "-*, "=, "."}, {boundarycheck, "-", "-*, "-", "-"}};

tablarowhsading = {"EQ", "HO", "A, "Fraguency", *a", "b*, "n1", "p2",

" range", " {obsarved]”, "z (cbsrvad)", "Matching Polnta®, "6i",
“417, *ne, "1%, 'me, 'max allowabla m*, “max allowabls 1%, "Boundary’ )
tablecolheading = {"value”, "min", "max", "delta”, "Qty of Points"};

i

Table [{TTER S .
(List ni.
ItemStyle - {Bold, 20}, Frame + All, Background - {{LightGray), (LightGray})]

ea"s il Table]

Export [Testringl

Corrugated Cylinder Plots

Plot Ez (Scattered)

Zacorrs = ListPolarplot[datakes, Joined -+ True, Pelarcridiines + Automatic,
PolarTicks » ("Degrees”, Automstie}, PletStyls -> {Red, Dashed),
Basestyls -» AbsoluteThickness(2], PlotMarkers -> Nene,

Plotlabel -» "Ex Corrugated Cylinder (Scattered Field)',
Imagesize -3 700, Style -> (FemtSize -» 14, FontWeight -> “Bold"),
Polarhxes = True, PolarkxesOrigin - {0, Max[SolEz8]}];
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Plot Ez (Inc + Scattered)

BrCorrsandl « ListPolarPlot[dataBz, Joined Trus, PolarGridlines + Automatic
Polarricks + {“Degress’, Autematic), Plotstyle -» (Red, Dashed),
Bassstyls —> AbsolutaThickn
PlotLabel —> "E, Corrugated Cylinder (Incident + Scattered Field
Inagesize -> 700, BaseStyle -> {FontSize —> 14, FontWeight -> "Bold"],
True, Dol -0, Hi

(2], Piotmarkers -> Noms,

Plat Erho ( Scattered)

ErhoCorrs = ListPolarPlot [dataErhos, Joinad - Trua, PolarGridLines + Automatic,
PolarTicks + {"Degrees”, Automatic}, Plotstyle > (Red, Dashed},
BaseStyle -> AbsoluteThickness[2], PlotMarkers -> None,

PlotLabel -> "E, Corrugated Cylinder (Scattered Fisld)”,
InageSize -» 700, HaseStyle -> [FomtSize - 14, FomtWeight -> "Bold
Polarazes 4 Trus, PolarAxesOrigin + (€, Max[SolEchaS]}];

Plot Erho (Inc + Scattered)

ErhoCorrSandl = ListPolarPlot[datalzho, Joined - Prus, PolarGridlines + Automatic,
PolarfTicks + ["Degrees, hutcmatic}, PlotStyle -» (Red, Dashed},
Sasastyle -» Absolutefhickness(2], PlotMarksrs - Mona,
Plotlabel -» "E, Corrugated Cylinder (Incidant + Scatterad Field)
magesize - 700, Basestyle —» {Fontsize —» 14, FontwWeight —» "Bold"),
FolarAxes + True, PolarhxesOrigin + (0, Max[SolEzhol )] ;

Plot Ephi (Scattered)

EphiCorrs = ListPolarPlot[dataEphis, Joined+ Trus, PolarGridlines s Autcmatic,
PolarTicks + {"Degrees’, Automatic), Plotstyls -» (Red, Dashed},
BaseStyle -> AbsoluteThickness[2], PlotMarkers -> None,
Plotlabel -» "B, Corrugated Cylinder (Scattered Field)",
ImageSize -» 700, BaseStyle -> (FontSize -> 14, FontWeight -» "Bold"},
PolarAxes 4 Trus, PolarkxesOrigin + (0, Max[SolEphiS]}

Bt Mk s S e
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Plot Ephi (Inc + Scattered)

{30/ BphiCorrSandl « ListPolarPlot[datakphi, Joined s Trus, PolarGridLines - Rutomatic,
Polarricks 4 (“Degress’, Automatic), Plotstyle -> (Red, Dashed),
Bassstyls —> AbsoluteThickness(2], PlotMarkers -3 Nom
Plotlabel -> "E, Cerrugated Cylinder {Incidemt + Scattersd Fiald)",
Imagesize —> 700, BaseStyle -> {FontSize -> 14, FontWeight -> “Bold'},
Polarhxes - True, PolarhxesOrigin -+ (U, Max[SolEphi]}] ;

Plot EAl (Scattered)

-+ Rutomatic,

EAllCerrs = 115, Joinad - Trus,
PolarFicks + {"Degress”, Automatic), PlotStyle —> (Red, Dashed),
BaseStyle -> AbscluteThickness[2], PlotMarkers -> None,
Plotlabel -> "Eney Corrugated Cylinder (Scattsred Fisld)",
eStyle -» (FontSize - 14, FontWeight -» "Bold'},

ImageSize -» 700, B
PolarAxas + Trus, PolarAxssOrigin -+ (U, Max[SolEALLS]) ];

Plot EAIl (Inc + Scattered)

EM1CorzSandl
ListPolarPlot[dataEAllSandl, Joined - Trus, Polarfridiines » Automatic,
Polarficks+ (“Degress’, Automatic), PlotStyle —> (Red, Dashed),
BaseStyle -» AbsoluteThickness(2], FlotMarkers -> None,
Plotiabel -» "Brww Corrugated Cylinder (Incident + Scattered Field)",
ImageSize -> 700, DaseStyle -> (FontSize -> 14, FontWeight -> "Bold'},
FolarAxesOrigin - (0, Max|SolEALLSandT] }];

Polarixes = Tru

Summary Corrugated Cylinder Plots

Graphicsrid(
{{maCorrs, ), {ErhoCorrs, )e Zpht

{EALlCorrs, EAllCorrsandl)), Spacings -> (Sealed(0], Scaled(d]}]:
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Smooth Cylinder Plots - TM Plots

Ez (TM Scattered)

- - Listeol

Joined + True,
PolazGridiines + Automatic, PolarTicks -+ {“Degress’, Automatic),
Plotstyle -> Blus, Basestyle -> AbsoluteThickness(2], PlotMarkers -> Nona,
Plotlebel -> "E Smooth Cylinder (TM Scattered Fiald)",

Imagesize -> 700, BaseStyle -> (Fomtsize -> 14, Fontweight -> "Eald"},

10, Max( n;

PolarAxes + Troe,

Ez (TM Inc + Scattered)

e - . Joined -+ True,
PolarGridiines + Automatic, PolarTicks -+ {“Degrees”, Automatic),

Plotstyls -» Blus, Bassstyle -> AbsoluteThickness[2], PlotMarkers -> Wons,
Plotlabel -> "E: Smooth Cylinder (TM Incident + Scattered Field)
Imagesize -> 700, Basestyle -> {Fontsize -> 14, Fontweight -> "Bald"},
Folarhxes + True, Fol 4 10, Max( "

Erho (TM Scattered)

Joined + Trus,

PolazGridlines - Automatic, PolarTicks + { “Degrees”, Automatic),

Plotstyls -> Blus, BaseStyls -> AbsoluteThickness[2], PlotMarkars -» Nons,

Plotlabel -> "E, Smooth Cylinder (TM Scattered Fisld)",

Imagesize -> 700, BasaStyls -> {FontSize -> 1&, FontWeight -> "Bold"},
True, Bol {0, sax] n:

Erho (TM Inc + Scattered)

aotned s T
PolarGridLines + Automatic, PolarTicks - (“Degreas, Automatic),
Plotstyle -» Blue, BassStyle -> AbsluteThickness(2], PlotMarksrs -» Nons,
Plotiabel -» "E. smooth Cylinder (T Incidant + Scatvered Field),
Tmagesize -> 700, BaseStyle -> {FontSize -> 14, FontWeight -> "Bold"},
Polaraxes + Trus, Pol o, M
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Ephi (TM Scattered)

- ListPol

ATHS, Joined - True,
PolarGridLines + Automatic, PolarTicks + {'Degrees”, Automatic),

PlotStyle -» Blue, BaseStyle -» AbsoluteThickness[2], PlotMarkers -> Home,
PlotLabel -» "B, Smooth Cylindar (TM Scattared Pisld)",

ImageSize -» 700, BaseStyle -> (FontSize -» 14, FontWeight -> “Bold'},

Polaraxas -+ Trus, 1o, 1

TM Inc + Secattered)

Joined = Tru
PolarGridLines = Automatic, PolarTicks » {'Degrees”, Automatic),

lotstyle —» Blus, BaseStyle -» AbsoluteThickness[2], PlotMarkers -» Noma,
Plotlabal -> "E, Smooth Cylindar (TM Incident + Scattarsd Fiald)"
Imagesiza —> 700, Basestyle -> (Fontsiza -> 14, FontWeight -> “Bold'},
Polaraxes + Trus, -, 1831}

EAII(TM Scattered)

" = Listpol Joined + Trua,
PolarGridiines - Automatic, PolarTicks + {"Degrees”, Automatic),

Plotstyle -> Blue, BaseStyle -> AbsoluteThickness[2), PlotMarkers -> None,
Plotlabel -> "Exs. Smooth Cylinder (TM Scattered Field)",

ImageSize -> 700, BaseStyls -> (FontSize -> 14, FoatWeight -» “Bold'},
Polarhxes = Trus, PolarAxesOrigin = ({, Max|SolERILTHS]}]

EAIl (TM Inc + Scattered)

EAL -

= 1THSandlI, Joined +True,
PolarGridLines + hutomatic, PolarTicks - {"Degrees”, Automatic),

Plotstyls -» Blue, BassStyla -» AbsoluteThicknass[2], PlotMarkers -3 Noms,
Blotisbel —» "Er,, Smosth Cylinder (TM Incident + Scattersd Fiald)",
Imagedize —> 700, Basestyls -> (FontSize -> 14, FontWeight -> "Bola'],
Polarhxas + Trua, o, ¥

Summary TM Plots

u :

Spactngs > (Scaled[0], Scalsd[0])];
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Smooth Cylinder Plots - TE Plots

Ez (TE Scattered)

= Joined + Trus,
PolazGridlines » Automatic, PolarTicks — { “Degss Automatic),

Plotstyle -> Blue, Basestyle -> AbsoluteThickness(2], PlotMarkers -> Mone,
Pletlabel -» "E. Smooth Cylinder (TE Scattered Field)",

ImageSize -> 700, BaseStyls -> {FostSize -> 18, FontWeight -> "Bald"},
Polachees + Trus, Pol H 10, Max( n:

Ez (TE Inc + Scattered)

u , Joined - True,
", Automatic),

PlotStyle -» Blus, BaseStyle -> AbsoluteThickness[2], PlotMarkers -» None,
Plotlabel -> "E, Smooth Cylinder (TE Incident « Scattered Field)
Imagesize -» 700, E

PolarGridiines + Automatic, PolarTicks - (“Degr:

Style -» (Fontsize -» 14, Fontweight -» "Bald’},

PolarAxes - Troe, 10, Max( e

Erho (TE Scattered)

v TES = L , Joined 4 True,
PolarGridiines - Automatic, PolarTicks - {"Degrees”, Automatich,

Plotstyle -> Blue, Basestyle -> AbsoluteThickness(2], PlotMarkers -» Wone,
Plotiabel -» ", smeoth Cylinder (T Scattered Field)",

Imagesize -> 700, BaseStyle -> {FontSize -> 14, Fontweight -> "Bald"},
Polarhxes + True, o M

Erho (TE Inc + Scattered)

- Joined + True
PolarGridlines « Rutomatic, PolarTicks = {“Degrs

", hutomatic),
PlotStyle -> Blus, BaseStyle -> AbsoluteThickness[2], PlotMarkers -» Nome,

Plotlabel -> "E, Smooth Cylinder (TE Incident « Scattered Field)",
Imagesize -3 700, BasaStyls -> {FomtSize -3 14, FontWeight -> "Bald’},
Polarkxes + True, 1 (o, "
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Ephi (TE Scattered)

. 1725, Joined Trua,
PolarGridiines « Automatic, PolarTicks + ('Degreas”, Automatic),

Plotstyle —> Blus, BaseStyle -> AbsoluteThickness[2], PlotMarkers -> None,
Plotlabal -> "E, Smeoth Cylinder (TE Scattared Fisld)",

Imagesize —> 700, BaseStyle -> {FontSize -> 14, FontWeight -> “Bold'},

Solarhxes - True, o, RS
Ephi (TE Inc + Scattered)
= Joined + Tru
1 ke + ("Degrees”, .

PlotStyle -> Blue, BaseStyle -> AbsoluteThickness[2], PlotMarkers -> None,
Plotlabel - "Ee Smooth Cylindes (TE Incident + Scattersd Fisld)",
ImageSize -» 700, BaseStyle -> (FontSize -» 14, FontWeight -» "Bold'},
PolarAxas + Trus, ~10, M

EAIl (TE Scattered)

EA1lRegCylTE8 - ListPolarPlot[dstaBALLTES, Joined -+ Tru
PolarGridLines - Automatic, PalarTicks + ['Degress”, Autamatic),

Plotstyle -» Blus, SaseStyle -> AbsolutaThicknesa[2], PlotMarkers -» Hana,
Plotlabel -> "Bnys Smooth Cylinder (TE Scattersd Field)',

mageaize -» 700, Basestyla > (FontSize -> 14, Fontweight - "Bold'},
Polarhxes - True, PolarAxesOrigin + (0, Max| SOLEALLTES]}]

EAIl (TE Inc + Scattered)

- 17ESand1, Joined + True,
PolarGridiines + Automatic, PalarTicks + ('Degress”, Automatic),

Plotstyle -> Blue, BaseStyle -> AbsoluteThickness[2], PlotMarkers -> Hone,
Plotlabel -> "Bxe. Smooth Cylinder (TE Incident + Scattered Field)",
ImageSize -> 700, B "Bo1a'},

eStyle -> (FontSize -> 14, FoatWeight
1TESandI]}

Polarixes - True (o,

Summary TE Plots
GraphicaGrid(((EeRegGyITES, EsRegCylTESandT),

{EshoRegCy1TES, ErhcRegCylTESsndl), (EphikegCylTES, EphiReqCylTESaadl],
{EALIRsqCy1TES, EALIRegCylTESandl)}, Spacings -> (Scaled(0], Scaled[0]}]:
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Smooth Cylinder Plots - TM + TE Plots

Ez (TM+TE Scattered)

Joined = Trus,
PolarGridiines + Automatic, PolarTicks -+ (“Degress’, Autamatic),
Plotstyle -> Blus, Basestyle -> AbsoluteThickness(2], PlotMarkers -> Nona,
Plotlabel -5 "Es Smooth Cylinder (TM + TE Scattared Field}",

ImageSize -» 700, BaseStyle -> {(FontSize -» 14, FontWeight “Bold"},
PolarAxes + True, {0, Max| 1
Ez (TM+TE Inc + Scattered)
T o Joinad + Trus

PolarGridiines + Automatic, PolarTicks -+ {“Degrees”, Automatic),

Plotstyls -» Blus, Bassstyle -> AbsoluteThickness[2], PlotMarkars -> Wons,
Plotlabel -> "E: Smooth Cylinder (TM + TE Incident + Scattered Field)
Imagesize -> 700, Basestyle -> {Fontsize -> 14, Fontweight -> "Bald"},
Folarhxes + True, Fol 4 10, Max( 191;

Erho (TM+TE Scattered)

= Joined + Trus,

PolazGridlines - Automatic, PolarTicks + { “Degrees”, Automatic),

Plotstyls -> Blus, BaseStyls -> AbsoluteThickness[2], PlotMarkars -» Nons,

Plotlabel -> "E, Smooth Cylinder (TM + TE Scattered Field)",

Imagesize -> 700, BasaStyls -> {FontSize -> 1&, FontWeight -> "Bold’},
True, Bol {0, sax] 0

Erho (TM+TE Inc + Scattered)

Joined + Trve,
PolarGridLines + Automatic, PolarTicks - ("Degreas, Automatic),

Plotstyle -» Blus, BassStyle -> AbsluteThickness(2], PlotMarksrs -» Nons,
Plotiabel <> "E, smooth Cylinder (TM + T8 Incident + Scattered Field)",
Tmagesize -> 700, BaseStyle -> {FontSize -> 14, FontWeight -> "Bold"},
Polaraxes + Trus, Pol o, Wi

Ephi (TM+TE Scatcered)

s Joined + True,
PolarGridLines + Automatic, PolarTicks + {'Degrees”, Automatic),
PlotStyle -» Blue, BaseStyle -» AbsoluteThickness[2], PlotMarkers -> Home,
PlotLabel -» "B, Smooth Cylindar (TM + TE Scattersd Fisld)®,
ImageSize -» 700, BaseStyle -> (FontSize -» 14, FontWeight -> “Bold'},

Polaraxes + Trus, (o, Hi

(TM+TE Inc + Scattered)

= ListPolazPlotl, lusTESandl, Joined s True,
PolarGridiines - kutomatic, PalarTicks + ("Degrees”, Automatic),

Plotstyle -> Elus, Rasestyle -» AbsoluteThickness[2], FlotMarkers -> tams,
Plotiabal -> ", Smooth Cylinder (T + TE Incident « Scattarad Field)”,
magesize > 700, Basestyle -> (Fontsise -> 14, FontWeight - “Bold'},
Polaraxes - Trus, - 1o, "

EAIl (TM+TE Scarttered)

a - Joined + Trua.
PolarGridlines + Automatic, FolarTicks + {"Degrees”, Automatic),

Plotstyle -» Blue, Basestyle -> AbsoluteThickness(2], PlotMarkers —> Nome,
Plotlabel -> "Exy. Smooth Cylindar (TM + TE Scattered Field)
Imagesize - 700, BassStyls -> (FontSize -> 14, FontWeight —> “Bold'},
Polarkxes = True, -, n

EAIl (TM+TE Inc + Scattered)

wsowt- EAL -1 dataEal Joined + True,
PolarGridlines + hutomatic, PolarTicks - {"Degrees”, Automatic),
Plotstyls -» Blue, BassStyla -» AbsoluteThicknass[2], PlotMarkers -3 Noms,
Elotiabel —» "Er,, Smosth Cylinder (TM + T8 Incident + Scattered Field)®,

Imagedize -> 700, Basestyls -> (FontSize -> 14, FontWeight -> "Bola'],
Polarhxas + Trua, o, M
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Summary TM+TE Plots

{EAL1RagCy] THpLuaTES, EALIRegCy1TMplusTESandI)},
spacings -> (Scaled[0], Scaled[0))]:

Compare (Regular vs Corrugated) Plots

TM Compare

GraphicsGrid] {{ListPolarPlot|
(dataBzrageyliMs, dataBzS], Joined +Trus, PolarGridlines + Autsmatis,
PolarTicks + ("Degrees”, Automatic), BlotStyle -> {Blue, {Red, Dashed)},
BaseStyle -> AbsoluteThickness(2], PlotMarkers -» Nons, PlotLabel ->

“B. T Scattersd Smooth Cylinder (slus) vs Corrugsted Cylinder (Red, -]
Style -> (FontSize -> 14, FontWeight -> "Bold"},
< {0, max( solEzs]) ],

Imagesize -> 700, E:

PolarAxes = True,

ListPolarplot|(datakzregeyl™Sandl, dataks)
Joined - True, PolarGridLines - Automatic,
PolarTicks + {"Degrees”, Automatic), PlotStyle -» {Blue, (Red, Bashed)},
BassStyle > AbsoluteThickness(2], PlotMarkers -» Nene,
PlotLabel -> "E, T Incident + Scattered Sacoth Cylinder {Blue)
va Cozrugated Cylinder (Red, --)", ImageSizs -> 700,
BaseStyle -> {FontSire -> 14, FontWeight -> "Bold"), Polarhxes = Trus,
ol 0, a1, selez]}l),

Joined + True, PolarGridiines + Automatic,

PolarTicks  {"Degress”, Automatic), PlotStyle -> {Blue, {Red, Dashed)},
Basestyla —> RbsoluteThicknesa(2), PlotMarkers -»> Wone, PlotLabel ->

"E, TH Scattered Smooth Cylinder (Blue} ve Corrugated Cylinder (Red, --17,

Imagesize -3 700, BaseStyls -> {FontSiza -> 14, FontWeight —»
Polazhxes = True, - {0, Max

014},
SolEshos] )],

ListPolarPlot[{datalrhoregeylTSandl, dataErhe),
Joined » True, PolacGridLines -+ Rutomatic,

Polarficks + {"Degreas”, Automatic], PlotStyls

> {Blus, {Red, Dasked) ),
BaseStyle -> AbsoluteThickness[2], PlotMarkers -» Mons,
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PlotLabel -> "E, TM Incident + Scattered Smooth Cylinder (Blue)
ve Corrugated Cylinder (Red, —-)", Imagesize -> 700,
Basastyle -> [FentSize -> 14, FontWeight -> "Bold"), Polarhxes + True,
+ 10, soizene] )]},

{ListPolarplot [{datakphiregeylTis, datakphis),
Joined + True, PolarGridLines -+ kutomatic,
Polarricks - { "Degrass”, Autematic), Plotstyle -> (Blue, (Red, Dashed)],
BasaStyle -» AbsoluteThickness[2], PlotMarkers -> Noma, PlotLabal ->
"Es TM Scattersd Smooth Cylindsr (Blus) va Corrugated Cylindsr (Red,
ImageSize -> 700, BaseStyle -> (FontSize -> 14, FontWeight -> "Bold"},
PolarAxes + True, {0, Solmphis)}].

ListPolarPlot[ (dataEphiregeylTMSandT, datagphi),
Joined + Trus, PolarGridlines - hutematic,
PolarTicks  { "Degrees”, Automatic), PlotStyle -> (Blue, {Red, Dashed]),
Bassstyle -» AbsoluteThicksess[2], PlotMackers -> Nome,
PlotLabel -> "By TM Incident + Scattered Smooth Cylinder (Blush
wa Corrugsted Cylinder (Red, --}", ImageSize -> 700,
FontWeight > 'Bold"), PolarAxes + Trus,
+ 10, so1Epni])]) .

BaseStyle —» [FontSize -> 18

{ListPolarPlot [{dataBAl1THS, dataBAll5), Joined True,
-+ Automatic,

= {*Degreaa’, i
PlotStyle -> [Blus, {Red, Dashed)), BaseStyle -> AbsoluteThicknesa(2],
PlotMarkers -> Wone, PlotTabel -» "Erwss TH Scattered Smooth

Cylinder (Blus) va Corrugated Cylinder (Red, --)",
TmageSize -> 700, BassStyle -> (FontSize -> 14, FontWeight -> "Bold"),
Polarkeas + Trus, Bolarhxzasorigin -+ {0, Max[ SolEALITMS, SolEALLS] }],

ListPolarPlot|(dataBAllTHSsnd], dataEAllSandl),
Joined « Trus, BolarGridLines - kutomatis,

PolarTicks + ("Degress”, Automatic), PlatStyls -> (Blus, (Red, Dashad)),
BaseStyle -> AbsoluteThickness[2], PlotMarkers -> Nona,
PlotLabel —> "Exes. TH Incident + Scattored Smooth Cylinder (Blus)
ve Corrugated Cylinder {Red, --}", ImageSize -> 700,
Basestyls -> (FontSize -> 14, FontHeight -> "Bold"}, PolarAxes + True,

0, 1 i ny

i

TE Compare

fou- GraphiesGrid({{ListPolarplot(
{datalzregcylTES, datafas), Joimed- True, PolarGridlines - Automatisc,
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PolarTicks + {"Dagrsss’, Automatic}, PlotStyla -» {Blus, {Red, Dashed}),

BaseStyle -» AbsoluteThickness[2]. PlotMarkers -> Nome, PlotLabel >
“E. TE Scattered Smooth Cylinder (alue) ws Corrugated Cylinder (Red, -

ImageSize -> 700, BaseStyle -> (FontSize -> 14, FontWaight -> "Bold"],
1 True, , solxzs))),

Listolarplot((dataEzregeylTESandl, dataks),
Joined » True, PolarGridLines » Automatic,
PolarTicks + {"Degrees”, Automatic}, PlotStyle -» {Blue, {Red, Dashed}),

BaseStyle -> AbsoluteThickness[2], PlotMarkers -> Nome,
PlotLabel -> °E, TE Incident + Scattered Smooth Cylinder (Blus)
vs Corrugated Cylinder (Red, --)”, ImageSize -» 700,
Basestyle -> (FontSiza -> 14, FontWaight -> "Bold'}, PalazAxes + Trua,
- (0, Max Solx] 11,

Joined + Trus, PolarGridLines + Automatic,
PolarTicks + {"Dagreas’, Automatic}, Plotstyle -> {Blue, {Red, Dashed)),
BaseStyle —> AbsoluteThickness[2], PlotMarkers -» Nome, PlotLabel —»

"E, TE Scattered Smooth Cylinder (Blue) ve Corrugated Cylinder (Red, --}",
Imagesize -> 700, BaseStyle -> (FontSize -> 14, FontWeight -> "Bold"),
0, SolE:hos] )],

Tzue,

Listpolarpiot ((datakrhoragcy L TESandD, dataBrhe),
Joined = True, PolarGridlines + Automatic,
PolarTicks + {"Dagress’, Automatic}, PlotStyls -> (Elus, (Red, Dashed)),
BaseSityle -> AbsoluteThickness[Z], FlotMarkers -> Hone,
Plotiabel -> ‘%, TE Incident » Scattered smcoth Cylinder (Blus)
wva Corrugated Cylinder (Red, --}*, ImageSize -> 700,
Basedtyle - (sontstze - 14, FORTHEAFNE - "BOld’), PolazAxss s TEus,
= (0, Max SolErhe] }]},

It?

Joined + Trus, PolarGridLim

-+ Rutematic,

PolarTicks + {"Dagrees”, Automatic}, PlotStyle -» {Blus, {Red, Dashed}],

BasaStyle -> AbsoluteThicknass[2]. PlotMarkars -> Nons, PlotLabal -3
“E, TE Scattered Smooth Cylinder (Rlue) ws Corrugated Cylinder (Red, -

ImageSize -> 700, BaseStyle -» (FontSize -> 14, FontWeight -> "Bold"],

Polarhxes + Tru ina (0, SolEphis])],

zistrolarrlot] (datacphiregeyl TEsand, dacasphi),
Joined + Trus, PolarGridLines s Autematic,
PolarTicks + {"Degrees”, Automatic}, Plotstyle - {Blue, (R

7% | 0 Ressartn Gare_FinaL_va. 100

iStyle -> AbsoluteThickness[2], PlotMarkers -> Nens,
Plotlabel -> "By TE Incident + Scattered Smooth Cylinder (Blus)
vs Corrugated Cylinder (Red, )%, Imagesize -> 700,
Basastyle -> (FontSize -> 14, FontWaight -> "Bold"}, Polarhxes + Trus,
+ (0, Max( solEphil}]},

(ListPolasplot( (dataEALLTES, dataERlls), Joined+ True,
PolarGridLines + Automatic, PolarTicks + { "Degress”, Autcmatic),
Plotstyle -> (Blue, (Red, Dashed)}, BaseStyle -> AbsoluteThickness(2],
PlotMarkers -> Nonm, PlotLabal -> "Ers TE Scattered Smooth
Cylinder (Blue) vs Corrugated Cylinder (Red, --)",
TnageSize -> 700, BaseStyla -> (FontSize -> 14, FontMeight -> "Bold™),
Polacaxes + Trus, PolarAvasorigin -+ (0, Mam(SlEALITES, SelEALIS]}],

Larplot((d 11 dr, d 115and1}

Jmined + Trus, PolarGridiines + Autcmatic,

PolarTicks » ("

grass”, Automatic), Plotstyls -> (Elus, [Red, Dashed}),
style -> Absoluterhickness[2], PlotMarkers —> Nena,
Plotlabel -> "Eg. TE Incident + Scattered Smooth Cylinder (Blus)
ve Corrugated Cylinder (Red, --]", ImageSize -» 700,
BaseStyle -> {FontSize -> 14, FomtWeight -> "Bold"}, Polarhxes + True,
PolasAxesOrigin - {0, Max[$olEALITESandl, SolEAL1Sandl]}] )
i

TM+TE Compare

s GrephicsGrid{{(ListPolacPlot(
{dataBzregeylTHplusTES, dataEzS), Joined +Trus, PolarGridlines + Automatic,
Polarficks + ("Degrees”, Automstic), PlotStyls -> (Blus, (Red, Dashed)},
BaseStyle -> AbsoluteThickness[2], PlotMarkers -> Yone,

Plotlabel -> "E, TMsTE Scattersd Smooth Cylindsr (Blus) vs
Corrugated Cylinder (Red, --)°
Basestyls -> (FontSize -> 14, FontwWaight -
10, Max(

Imagesize -» 700,

Bald"}, PolarAxes + Trua,
solRzs] )],

ListPolarPlot[{dataEzregoylTMplusTESandI, dataEz),
Joined + True, PolarGridLines + Automatic,
PolarTicks = {"Degrees”, utcmatic), PlotStyls -> (Blus, (Red, Dashed}},
Basestyle -> AbsoluteThickness(2], PlotMarkezs -> None,
Plotlabel -> "E, TH.TE Incident + Scatbezed Smcoth Cylinder (Blus)
va Corrugated Cylinder (Red, --]", InsgeSize -> 700,
seStyle -» (FontSize -» 14, FomtWeight -» “Bold"}, Polarhxes - True,
- (0, Max( se1zx] 1),
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Joined » Trus, PolasGridLim

-+ Rutematic,
PolarTicks + {*Degress’, hutomatich, PlotStyla -> (Blus, {Red, Dashed]),
BaseStyle -> AbsoluteThickness[2], PlotMarkers -» None
Plotiabel -> "E, T TE Scattered Smooth Cylinder (8lus) va
Corrugated Cylinder (Rad, --}°, ImageSize -> 700,
Basestyle -> (Fontsize -> 14, FontWeight -> "Bold"}, PolarAxes + True,
- (0, SolErhos) )],

" dataErho},

Joined + True, PolarGridLines + Autcmatic,

PolarTicks + {"Dagrees”, Automatic}, PlotStyle -» [Blue, {Red, Dashed}]
BaseStyle -> AbsoluteThickness[2], PlotMarkers -3 Nome.

PlotLsbel -» ", TMeTE Incident + Scattersd Smooth Cylinder (Blue)

va Corrugated Cylinder (Red, --)”, ImageSize -> 700,
Basestyle -> (FontSiza -> 14, FontWeight —» "Bold'}, PolazAxes + Trus,
- {0, K SolEzho] )11,

94ned + Trus, PolarGridLines + AutemAtic,
PolarTicks + {"Degrees”, Automatic}, PlotStyle -> [Blve,
BaseStyle -> AbsoluteThickness[2], PlotMarkers -> Nome,
Plotiabel -» “Es THATE Scattered smooth Cylindex (slue) va
Corrugated Cylinder (Red, --}°, ImageSize -> 100,
Basestyle -» (Fontsize -> 14, FontWeight - "Bold"}, PolarAxes + True,
igin- (0, Max[SelEph SolEphis] )],

Dashed}),

i i

dataEphi},
Joined + Trus, PolarGridLines s hutematic,
PolarTicks + {"Degress’, Automatic}, PlotStyls -> (Blus, {Red, Dashed)),
BaseStyle -> AbsoluteThickness[2], BlotMarkers -» None,
Plotiabel -> "E, TMTE Incident + Scactarsd Smecth Cylinder (Blus)

vs Corrugated Cylinder (Red, --)", ImageSize -» 700,
BaseStyle - (FontSize -> 14, FontWeight —> "Bold"}, PolarAxes + Trus,

{0, Max[SelZphi SelEphi] 113,

{Liatpolarplot] (datasAllTRLUGTES, datakalls),
Jolned + True, FolarGridLin

-+ Butomatic,
PolarTicks + {"Degrees”, Automatic}, PlotStyle -> {Blue, {Red, Dashed}),
BaseStyle -> AbsoluteThickness[2], PlotMarkers -> Nome,
PlotLabel => "By, TMeTE Scattersd Smooth Cylinder (Blus)
ws Corrugated Cylinder (Red, --)", ImageSize -» 700,
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@style -> (FontSize -> 14, FontWeight -> "Bold"}, Polarhxes - True,
+ (0, Max( solElls) )],

ListPolarPlot[(dataBhliTMplusTESandl, dataEAllSandl},

Joined -+ True, PolarGridlines » Automatic,

Polarticks + ("Degrass”, Automatic), PlotStyls -> (Blua, (Red, Dashed)),

BaseStyle -> AbsoluteThicknesa[2], PlotMarkers -> None,

Plotiabel -> "Es.. TH:TE Incident + Scattered Smooth Cylinder (Blue)
va Corrugated Cylinder (Red, --]", ImageSize -> 700,

Basestyls -> (Fontgize -» 14, Fontweignt -

{0, Max( 501

Bald"}, PolarAxes + Trus,
113

TM, TE, and TM+TE Compare

v PhiPolarPlots =
GraphicsGrid] {{ListPolarplot|(dataBzregeylTis, datases), Joined+ True,
FPolarGridLines+ Rutomatic, PolarTicks -+ {"Degrees”, Autcastic),
Plotstyle -> (Blue, (Red, Dashed)}, BaseStyle -> AbsoluteThickness[2].
PlotMarkers -> None, PlotLabel -> "E, TM Scattered (W/m) Smooth
Cylinder (Blus) va Corrugated Cylinder (Red, --)",
Imagesize -> T00, BaseStyle -» (FontSize -> 14, Fontweight -> ‘mold®),
Polarixes + True, 1o,
"E. TE Dosa Not Exist’,
ListFolarPlot[(dataRzregcyl THpluaTss, datakes),
Joined + Trus, PolarGridiines + Automatic,
PolarTicks - {"Degrees”, Automatic), PlotStyle -» {Blue, {Red, Dashed}},
Basestyle -> AbsoluteThickness(2], PlotMarkers —> None,
Plotlebel -> "E. TM+TE (V/m) Scattered Swooth Cylinder (Blue)
vs Corzugated Cylinder (Red, --)", ImageSize -> 700,
Basestyle -; (FontSize -> 14, FontWeight -> "Bold"), Polarhxes + True,
-+ {0, Max(

SolExs])],

SalEzs]}]),

(ListPolarelot((datatzregeylTHSandl, datasr}

Joined « True, PolarGridiines » Avtomatic,

PolarTicks + ("Degrees”, Automatic), Plotstyls -» {(Blus, {Red, Dashed]},

Bassstyls -: AbsolutaThickneaa(2], PlotMarksza - Nens,

FPlotlabel -> "E: TM Incident + Scattered (V/m) Smooth Cylinder (Blue)
vs Gorrugated Gylinder (Red, --)*, Imagesize -» 700,

BaseStyle -> {FontSize -» 14, FontWeight -» "Bold"}, Polarhxes + True,

-+ (0, Max( 1, selke]} ],
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"E. TE Doss Mot Exist',
ListPolarflot[[datatzregeylTplusTESand!, datalz),

Joined + True, FolarGriduines + Autamatic,
PolarTicks + {"Dagrees”, Automatic}, PlotStyle -> {Blue, {Red, Dashed)],
Basestyle - AbsoluteThickness[2], PlotMarkers -» Neme,
Plotlanel -> "E, TMeTE Incident + Scattared (V/m) Smooth Cylinder
Blue) vs Corrugated Cylinder (Red, —-)", ImageSize -» 700,
BaseStyle -> (FontSize -> 14, FontWeight -> "Bold"}, PolarAxes - True,
- (0, Max SelEe]} ]},

T

Joined + Trus, PolarGridLines + Autcmatic,
Automatic}, PlotStyle -> {Blue, {R
Basestyle - AbsoluteThickness[2], Plotkarkers -» Nane,
Plotiabel > “E, TM Scattersd (v/m) Smooth Cylinder (Slue)

vs Corrugated Cylinder (Red, --)°, Imagasira -> 700,
Basestyle -> (Fontsize -> 14, FontWeight —> "Bold"}, PolazAxes + True,

- (0, Max SolEzhos]]],
L TES, | Joined - True,
ines + Automatic, + ["Degrees”,

PlotStyle -> (Blus, {Red, Dashed) ], BassStyle -» AbsoluteThicknes
PlotMarkers -» None, Plotlabel -> "E, TE Scattered (V/m) Smooth

PolarTicks + ("

Dashed}),

Cylinder (Blus) vs Corrugated Cylinder (Red, --)".
ImageSize => 700, BaseStyle -» (FontSize > 14, FontWeight -> "Bold"],
Polarhxas + Trus, ino (0, Solzhas])],

! THpluaTES, . Joined- Trus,

-+ Automatie, Pol icks 4 {"Degrees”, "
PlotStyla -> (Slus, (Red, Dashed}],
Sasadtyle > Abssluterhickness[2], PlosMazkers > Nans
PlotLabel -> "E. TM:TE Scattered (V/m} Smooth Cylinder (Blue)
e Corrugated Cylinder (Red, —-)", Inmagesize -» 700,
BaseStyle -> {FontSize -> 14, FontWeight -> "Bold"}, PolarAxes - True,
- {0, Max| SolEchos] }1) »

{ListPolarplot| (dataBrhorsgeylTMSandl, datakrho),
Joined + Trus, BolaxGridLines + Autcmatic,
PolarTicks » {"Degrees”, Automatic}, PlotStyle =» {Blue, {Red, Dashed])
BaseStyle -> AbsoluteThickness[2], PlotMarkers -> None,
PlotLabel -

s TH Incident o Scattersd (V/m) Smooth Cylinder (Blue}
vs Corrugated Cylinder (Red, --)°, Imagesize -» 700,

BaseStyle -> (FontSize -> 14, FontWaight -> "Bold"}, PolarAxes - Trus,

(0, Max solche) },
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ListPolazPlot({databrhoregeylTBSandl, datalrha), Jeined + Trus,

PolarGridlines + Automatic, Polarficks + {“Degress”, Autcmatic)

Plotstyle -> (Slue, (Red, Dashed)},

BaseStyle -> AbsoluteThicknesa[Z], PlotMarks

Plotiabel -» "B, TE Inciden: + Scattered (v/m) smooth Cylinder (Blue)
vs Corrugated Cylinder (Red, Inagesize -> 700,

style -» (FomtSize -» 14, FontWeight -> "Buld"}), Polachxes + Trus,

=+ {0, Max( SolErhol}],

ListPolarPlot[{dstaBrhoregeylTMplusTESandT, dataBzho),

Joined = True, PolarGridLines » Automatic,

PolarTicks + ("Degrees”, Autamatic), PlotStyle -» {Blue, {Red, Dashed)}.

BaseStyle -> AbsoluteThickness[Z], PlotMarkers -» Nene,

Plotlabel -: "E, TM.TE Incidant + Scattersd (V/m) Smosth Cylindar
{Blue) s Corrugated Cylinder (Red, --)", ImageSize -> 700,

Basestyle -; (Fontaize -» 14, FontwWeight -> "Bold"}), Polarawes + Trus,

{0, wax( Solrho]}]),

-> None,

Joined + Trus, PolarGridlines -+ Automatic,
PolarTicks = ("Degrees”, Automstic), PlotStyle -> {Blue, (Red, Dashed)},
Style -» AbsoluteThickness[2], PlotMarkess -» None,
Plotlabel -> "E; TM Scattered (V/m) Smooth Cylinder (Blue)
vs Corrugated Cylinder (Red, --]", ImsgeSize -> 700,
BaseStyle -> {FontSize -> 14, FomtWeight -» "Bold"}, PolarAxes + Trus,
-+ (0, Max] solephis] )],

Joined « Trus,

+ Automatic, FolarTicks + {*Degre ;
PlokStyle -> (Blus, (Red, Dashed)}, BaseStyle -> AbsoluteThickness[2],
Plotmarkers -> Noms, Flotiabel -» "E, TE Scattarsd (v/m) Smooth
Cylindar (lve) va Corrugated Cylinder (Red, --)",

Tnagesise -» 700, Basestyls > {FontSize > 11, Fontweight - "Beld”) .
PolarAxes -+ True, Pol . SolEphis])],
ListPolarPlot|{dataBphizegeylTHplusTES, dataEphis), Joined - Teue,
PolacGridlines + Rutomatic, PolarTicke + { “Degrees”, Autcastic),
Plotseyle > (Blue, (Red, Dashed)},

aseStyle -> Absolutefhickness[2], PlotMarkers -> Nane,

Plotlabel -> "B, TMsTE Scattered (V/m) Smooth Cylinder (Blue)
vs Corrugated Cylinder (Red, --]", ImageSize -> 700,
BaseStyls -> (FontSize -> 14, FontWeight -
{0, wax(

"Bold"}, Polaxhxes = Tru

solephis]})),
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{ListPolarPlot| (dataBphiregeylTMSandl, dataEphi},
Joined + Trus, PelarGridLines + Autcmatic,
PolarTicks + {"Dagress", Automatic}, PlotStyle -> {Blus, {Red, Dashed}),
BaseStyls -> AbsoluteThickness[2], PlotMarkers -> Nome,
PlotLabel -> °E, TH Incident + Scattersd (V/m) Smooth Cylinder (Blus)
vs Corrugated Cylinder (Red,

), Imagesize -» 700,

BaseStyla -> (FontSize -> 14, FontWeight -> "Bold"}, PolarAxas = Trua,
=+ (0, Max [solEphi solephi] }],

ListPolarslot[(dataphizegeyl TESandT, dataphi), Joined - Trus,

+ Automatic, PelarTicks + {"Degrass”, .

Plotstyle -> (Blue, (Red, Dashed)],

BaseStyle - AbsoluteThickness[2], PlotMarkers —» None.

Plotlabel -> "E, TE Incident + Scattered (V/m) Smooth Cylinder (Blue)
vs Corrugated Cylinder (Red, --)”, ImageSize -> 700,

BaseStyle -> (FontSize -> 14, FontWaight -» "Bold"}, Polarkxes = Trus,

SelEphi] },

e datampni},

Joined + True, PolarGridLines + hutomatic,

Polarticks + {"Dagress’, Automatic}, PlotStyla -> (Blus, {Red, Dashed)),

=+ {0, Max[SelEph

BaseStyle -> AbsoluteThickness[2], PlotMarkers - Nome,
PlotLabel —> "E, TMTE Incident + Scattersd (V/m) Smosth Cylinder
(Blue) ve Corrugated Cylinder (Red, --)", ImageSize -> 700,
BaseStyle -> (FontSize -> 14, FontWeight -

+ (0, Max [selzphi

01d"}, Polarixes = True,

. Salephi] 1]},

{ListPolarPlot( (datsBAIITHS, dataBAl1S), Joined - True,

+ Automatic,

+ {"Degreas”,
PlotStyle -> (Blue, (Ked, Dashed]), BaseStyle -> AbsoluteThickne:

121,

PlotMarkers -» Nons, PlotLabsl -> "By, TM Scattersd (V/m) Smooth
Cylinder (Blus) vs Corrugated Cylinder (Red, --)",

ImageSize -> 700, BaseStyle -» (FontSize -> 14, FontWaight -> "Bold"],

Polarawes + Trus, PolarhxesOrigin - (0, Max[SolEALLTNS, SelEALLS)}),

ListPolarflot[(dstaBAL1TES, datakA11S), Joined -+ Trve,

ks + {"Degreas”, E
Plotstyle —> (Blue, (Red, Dashed)), Bassstyle -» AbsoluteThickness(2]
PlotHarkers -» Wone, PlotLabel -> "Enu TE Scattered (V/m) Smeoth

Gylinder (Blue) vs Corrugated Cylinder (Red, --",
ImageSize -> 700, BaseStyle -> (FontSize -> 14, FontWeight -> "Bold"},
True, ©, ATES, SolEALLS)}),
ListPolarPlot[(dataEAL1THplusTES, dataEA11S), Joined = True,

+ Automatic, + {"Degress”,

PlotStyle -> (Slue, (Red, Dashed)), BaseStyle -» AbsoluteThickness(2],
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PlotMarkers -> Nome, PlotLabal -> "Eres TM.TE Scattered (V/m)

smooth Cylinder (Blus) vs Corrugated Cylinder (Red, —-)",
InageSize -> 700, BaseStyle -> {FontSize -> 11, FontWeight -> "Bold"),
PolacAzes + Trus, [C8 Sc1EALls] )],

(L43tPolacPlot[[dataBAllTHSandT, dataBALLSandT),
Joined + True, Polarcridiines + Automatic,
PolarTicks + ("Degrees”, Automatic), PlotStyle -» (Blue, [Red, Dashed)},
Basastyls -> AbsslutaThicknesa(2), PlotMarksza -> Nene,
Plotlabel -> "Bs:e: TH Incident + Scattered (V/m) Smooth Cylinder
{Blue) vs Corrugated Cylinder (Red, —-)", ImageSize —> 700,
BaseStyle -> (FontSize -> 14, FontWeight -> "Bold"}, Polarhxes » True
PolarAxesOrigin -+ (0, Max[SolEALITMSandl, SolEAllSandI])].
ListPolarPlot[(dataBALITESand!, dataBAl1Sandl), Joined - True.

PolarGridLines + Automatic, PolarTicke + { “Degre

Plotstyle -> (Blus, (Red, Dashed)},

Style -> AbsoluteThickness[2], PlotMarkess -» None,

"Bres TE Incident + Scattersd (V/m) Smooth Cylinder
{Blue) ws Corrugsted Cylinder (Red, --]", ImageSize - 700,

Basestyls -» (FantSize -> 14, FomtwWaight -> "Bald"}, PolarAxes + Trus,

PolarAxesOrigin + (0, Max[SolEALITESandl, SolEAL1Sandl))],

", Autemstic),

PlotLanal

Larplot((d 1 a 11sand

Joined -+ True, PolarGridLines + Automatic,
PolarTicks + ("Degrees”, Automatic), Plotstyle -» {Blue, (Red, Dashed)},
-> AbsoluteThickaess[2], PlotMarkezs - Nona,
> "Enes TMTE Incident + Scattered (V/m) Sescth Cylinder
{Blum) ve Corrugated Cylinder (Red, --)", ImageSize - 700,
Basastyls -3 (FontSize -» 14, FontWeight -5 "Bold"}, Polarhwes + Trus,
I, SolEALISandI]}]

+ {0, Max[SolEAL

Export [TeString|StringForm| " jpg", PhiFolarPlotsMane] |, PhiPolar?lots]

Changing Phi RCS Polar Plots

Corrugated Cylinder Plots

Plot Ez
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o Reseaven Garen_Fma_va.1ne | 85 36 | 0 Resaartn Gr_Fins_va 150
BCSEsCors = ListPolasPlot[Rcsdataks, Joined -+ Trus.

st Capn s Bk ay BoaEet b« Tt i am S Smooth Cylinder Plots - TM Plots

Plotstyle -» (Red, Dashed), BaseStyle -> AbsoluteThickness[2].

FlotMarkers > Mona, FlotLabel -> "E, Corrugated Cylinter (RCS m)", Ez(TM RCS)

Inmagesize -> 700, BasaStyle -» (FontSize -» 14, FontWeight -» "Bold")

Bolarkxes + True, PolarhxasOrigin -+ (0, Max[RESSolEx]} ] - 3 [ Joined « Trua,

s - lazTicks 4 ("Degress®, N
Plot Erho Flotstyla -> Blue, EBaseStyle -> AbsoluteThickness(2),
PlotMarkers -> None, Plotlabel -> "Es Smooth Cylinder (TM RCS m')",

B Jeined + Trus, magesize -» 700, Basestyle -> (FontSize -» 14, FontWeight -> “Bold"),
PolarGridLines + Automatic, PolarFicks + (“Degrass”, Automatic), PolacAxes « Trus, ~ 10, e
PlotStyle -» (Red, Dashed), BaseStyle -> AbsoluteThickness[2].
lotMarkers -» Noma, Plotiabel -» ', Corrugated Cylinter (RCS m) Erho (TM RCS)

Imagesize -> 700, Basastyls -> (Fontsiza -> 1, FontWaight -> "Bold”),
Polaraxes + True, PolarAxesorigin + (O, Max[RCSSolErho])]; o = ListPol [ . Joined + True,
-+ {"Degrees”, .
Plot Ephi Plotstyle -» Blue, BaseStyle -» AbsoluteThickness(2],
PlotMarkers -> one, Plotlabel -> "B, Smooth Cylinder (TM RES mf)",

- [ Jotned - True, Imagesize -> 700, Basestyle -» (FontSize -> 14, FontWeight —» “Bold'},
PolarGriduines + ic, PolarTicka + {*Degr 4 Polarhxes - Tru -0, 1)
PlotStyle -> (Rad, Dashed), BaseStyle -> AbsoluteThickness[2],

PlotMarkers —» None, PlotLabel -» "E; Corrugated Cylinter (RCS m’) Ephi (TM RCS)
InageSize -> 700, BasaStyle -» {FontSize -> 14, FontWaight -» "Bold"],
Tzus, sgin -+ (g, epha])]; s - Listpolazplot , Joined -+ Trus,
5 - hutomatic, icks + "Degreas”, ¥
Plot EAIl Plotstyle - Blus, BaseStyle -> AbscluteThickness[2],
PlotMarkers > None, Plotlabel -» "Es Smooth Cylinder (TM KOS mf)",
BCSEALICosr « ListPolarPlob| RCSdataBAll, Joined - Trus, ImsgeSize > 700, BassStyls -» (FontSize -> 14, Fontusight -» “Bold'},
PolarGridlines + Autcmatic, Polarficks + (“Dagress’, Autcmatic), Solarkxes = Trua, -0, 1ma)) |;
BlotStyle -> (Red, Dashed), BaseStyle -> AbsoluteThickness[2],
PlotMarkers -» Noms, Plotlabel -> "Exu Corrugated Cylinter (RCS m’)" EAIl (TM RCS)
Imagesize -» 700, BasaStyle -» [FontSize -» 18, FontWeight -» "Bold"),
Trus, agin -+ (9, s s 1 174 - Listeol 1, goinsd - Trus,
larcridui Automatic, = ("Dagraas”, ic),
Summary Corrugated Cylinder Plots Plotstyle - Blue, BaseStyle —» AbsoluteThickness[2],
PlotMarkers -> Nome, Plotlabel -» "Eceeas Smooth Cylinder (T ACS )",
1, {RESEALLCorx]], TmageSize -> 700, BaseStyle —> (FontSize -> 14, FontWeight —> “Bold'}.
Spacings -> (Scaled[0], Scaled[0]]]; Polarhxes + True, (0, 3]s
Summary TM Plots
o 0 . g ‘
(RCSEALlRegCylTH}), Spacings -> (Scaled(0], Scaled(0])];
D Rescarch Garce Al vi Lok | 87 88 | PO Rescarch Garcia Finsl vl L.ob

Smooth Cylinder Plots - TE Plots

Ez (TE RCS) - DOES NOT EXIST
Erho (TE RCS)

Joined+ Trw

Poluraridines = Mutomatic, FolarTicks - (“Dage
Plotstyls -» Blus, Basastyls -> AbssluteThicknass(2],

PlotMarkers -» Nons, Plotiabel -> °E, Smooth Cylinder (TE RCS =),
Imagesize -» 700, Basestyls -> (Fontsize -» 1%, FontWeight -> "Bald"},
FPolarAxes -+ True, 10, 1]

", Automatic),

Ephi (TE RCS)

- [ Joined + True,
PalarGridiines + Automatic, PolarTicks -+  “Dagr Autamatic),
PlotStyle -> Blue, BaseStyle -> AbsoluteThickness[2],

PlotMarkers -> None, Plotiabel -> "Es Smesth Cylinder (TE RCS w)",
ImageSize -> 700, BaseStyle -> {FontSize -> 14, FontWeight -> "Bold"},
: o - 1

Polachxes + True,

EAIl (TE RCS)

RCSEAL1RegCyITE = ListPolarPlot [RCSdataEregeylTEALL, Joined- True
PolarGridlines - Automatic, PolarTicks = {“Degr
Plotstyle -> Blus, Basestyle -> AbscluteThickness(Z]

PlotMarkers -> None, Plotlabel -> "Eras Smocth Cylinder (TE RCS =),
Imagesize -» 700, BasaStyls -3 (FontSize -» 16, PontWeignt -3 "Bald’},
Polaraxes + Troe, . s

. Automatic),

Summary TE Plots

- « 2
Spacings -» (Scalsa[n], Sealsd[0]}];

. (RCSEALIRegCy1TE} ) ,

Bt Mk s S e

Smooth Cylinder Plats - TM + TE Plots

£z (TM + TE RCS)

LusTE = Joined + Teue,
+ {"Dagrees”, ;
Plotstyle -> Blue, BaseStyle -> AbsoluteThickness|2],

PlotMarkers -> None, Plotlabel -» "E. Smooth Cylinder (TM ReS wf) ",
ImageSize -> 700, BaseStyle > (FentSize -> 14, FontWeight —> “Bold'},
Polarkxes + Trus, ~{0, i

Automatic,

Erho (TM + TE RCS)

- I Joined + Teu

Automatic,
PlotStyle -» Blue, BaseStyle -» AbsoluteThickness[2],

+ {"Dagraas", 3,

PlotHarkars - Nons, Plotlabel -» "Es Smooth Cylinder (1M + T2 RCS w))",
gesiize -> 700, Basestyle -> (¥ontSize - 14, Fontweight -> “Hold'],
Polarhxes = Tru -, H:
(TM + TE RCS)
e Jotned + True,
Automatia, - {"Dagreas®, :
Plotstyle -> Blue, BaseStyle > AbsoluteThickness[2],
PlotMarkers -> Nene, Plotlabel -> "E¢ Smooth Cylinder (TM . TE RCS m') ",

Imagesize -> 700, BaseStyls -> {FontSize -> 14, FontWeight -> "Bold'
Pelarhxes + Trus, o,

EAll (TM + TE RCS)

ResERL

i 1, Joined » True,

PolarGridlines + Automstic, PolacTicks + {"Dagrees", Automatic),
PlotStyle -> Blus, Basestyle -> AbsoluteThickness[2], PlotMarkers -> Hane,
SlotLabel > “Bru Socoth Cylinder (TH + TE RCS #)7,
Style > (FontSize -> 14, FontWeight -> "Bold'},
-, m:

Imagesize -> 700, B

Polarhxas - Tru
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Summary TM + TE Plots

GraphicsGrid(
¢ - . o .
{RCSER11ReqCylTHplusTE)}, Spacings -» {Scaled[0], Scaled[0]}];

Compare (Regular vs Corrugated) Plots

TM, TE, and TM+TE Compare

PniRcsPolasPlots «
afu [ mesa  doined = Trve,
PolarGriduines + Automaric, PoLATTACKS + ("Dagress”, Automatic),
Plotstyle -> (Blue, (Red, Dashed)),
Basestyle > AbsoluteThickness(z], FlotMaxkars -» Nons, Plotiabsl ->
"E: TM RCS (m’) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, --)*,
InageSize -> 100, BaseStyle -» (FontSize - 14, FontWeight -» "Bold'),
imw, Rcssotal)]

True, ®,

"z TE Doss Net Exist®

e [ A

Joined » True, PolasGridlines » Autcmatic,

PolarTicks + ("Degress’, Autamatic}, PlotStyle -> {Blus, {Red, Dashed)]
BaseStyle -» AbsoluteThickness[2], PlotMarkers -> Nome

Plotiabel > "E: TMTE RCS (=) Smaoth Cylinder (Blus) va

Corrugated Cylinder (Red, --}°, ImageSize -> 700,
BaseStyle —» (FontSize -> 14, FontWeight —> "Bold"}, PolarAxes + True,
- {0, Ma RCSSlEzl 1]},

{Listpotarpior| 5

2otnad - True, PolarGriduines + Autcsatic,

PolarTicks -+ {"Degrees’, Automatic}, PlotStyle -> (Blue, (Red, Dashed}),

BaseStyle -> AbsoluteThickness[2], PlotMarkers -> Nome, PlotLabel ->
"E, ™ BCS (nf) Smooth Cylinder (Blus) vs Corrugated Cylindar (Red, -
ImageSize -> 700, BaseStyle -» (FontSize -> 14, FontWaight -> "Bold"],

Folaraxas + True. (©, 1]

Joined + True, FolaxGridlines + Rutomatic,
PolarTicks + {"Degrees’, Automatic}, Plotstyle -» {Blue, {Red, Dashed)),
BaseStyle -> AbsoluteThickness[], PlotMarkers -> Nome, PlotLabel ->

90 | PO Resaaren Garen_Fn_va.1.00

"E, TE RCS (="] Smosth Cylinder (Blus} vs Corrugated Cylinder (Red, --)7,
TmageSize -> 700, BaseStyle -> {FontSize -> 14, FomtWeight -> "Bald"),

FPolaraxes + True, o, H

Yaswlon|
Soinad -+ True, DolsrGeLdiines + Automatic,
PolarTicks + ("Degrees”, Automatic), PletStyle -» (Blue, (Red, Dashed)),
eStyle -> AbsoluteThickness[2], PlotMarkers -> None,
Plotlabel -> "E, TM+TE RCS (m’) Smooth Cylinder (Blus) vs

Corrugsted Cylinder (Red, --)", ImageSize -> 700,
Style -> (FontSize -» 14, FontWeight -> "Bald"}, Polarhxes + Trus.

= {0, Max] 1]

{ " )

Soined + True, FolarGridiines + Automatic,
PolarTicks - ("Dagrass”, Automatic), Plotstyls -> {Blua, {Red, Dashed)}.
style -» AbsoluteThickness(2], PlotMarkers -> Nene, PlotLabel ->

“E, T™M RCS (s?) Smooth Cylinder (Blue) va Corrugated Cylinder (Red, —)",
ImageSize -» 700, BaseStyle -» (FontSize -» 14, FonkWeight -» "Bold”),
Polazhses -+ Tcve. . L 4, RCSSo1EphL]}]

ListRolazplot| i
Joined -+ Trus, PelarGridiines + Autcmatic,
PolarTicks + ("Degrees”, Automatic), PlotStyle -> (Elue, [Red, Dashed]},
Bassstyls -; Absolutafhickness(2], PlotMarkszs - Nene, Plotlabel ->
“E, TE BCS (=%) Swooth Cylinder (Slus) wa Corrugated Cylinder (Red, -
Imagesize -» 700, Basescyla -> {Fontsize -» 14, FontWeight -> *mald"),
=, RCSsolEphL]}]

Polarkxas + Trua, (o,

Soinad -+ Trua, PolsrGesdiinen + utomatic,
FolacTicks » ("Degrees”, Automatic}, PlotStyle -> (Blue, (Red, Dashed]},
Basestyle -> AbsoluteThickness(2], PlotMarkers —> Nene,
Plotlabel -> "E, T.TE RES (o) Smooth Cylinder (Blus) ve
Corrugated Cylinder (Red, --)". ImageSize -> 700,
aseStyle -> (FontSize -» 14, FontWeight -> "Bald’}, Polarhxes + Trus,

(0, Max] 1]

i 1

Joined + Trua, PolarGridLines + Automatic,
PolarTicks + (“Degrees”, Automatic), Pletstyle -» (Blue, {Red, Dashed)),

P Rescorch Garcle flnal v Lok | 81

BaseStyle -» AbsoluteThickness[z], PlotMarkers -> None,
PlotLabel - “Eru: TM RCS (w') Smooth Cylinder (Blue) va
Corrugated Cylindar (Red, --}", InigeSize - 700,
BaseStyls - (FoatSizs -> 14, FontWeight - "Bold’}, PolazAxes + Trus,
-0, u 1, nessolEall])]

ListPolarPlot[ (RCSdatafregeyl TEALL, RCSdatasAll),

Joinad + True, PolaxGriduines + Autematic,

PolarTicks + ("Dagrees’, Autamatic), PlotStyla -> [Blue, (Red, Dashed)],

Basestyie -> AbsoluteThicknass[2], PlotMarkers -3 Nane,

PlotLabel -> "Er:uas TE RCS (n) Smooth Cylinder (Blue) va

Corrugated Cylinder (Red, —)°, Imagesize -> 700,

BaseStyle -> (FontSize -> 14, FontWaight -> "Bold"}, PolarAxes = True,

- 0, M TEALL, RCSSOlERLL])]

0 [ " 1.

Soined + Trus, PelasGridlines + Autematic,

olarTicks = {*Degrees”, hutomatic}, PlotStyle > {Blue, {Red, Dashed]],
BaseStyls -> AbsclutaThickness[2], PlotMarkers - Nona,

Plotiabel -> "By, TMTE RCS (nf) Smosth Cylinder (Blus)

va Corrugated Cylinder (Red, —)°, Imagesiza -» 700,
BaseStyle -> (FontSize -> 14, FontWeight -> "Bold"}, PolarAxes + True,
) 1 n
)
1
- = 4pgh. lotaName] | , i

Changing Phi RCS dB Polar Plots
Corrugated Cylinder Plots

Plot Ez

o = Listeol Joined + True,
PolasGridlines » Automatic, PolarTicks = { “Deges
PlotStyle -» (Red, Dashed}, BaseStyle -» AbsoluteThickness(2],

PlotMarkers -> None, Plotlabel -> 'E, Corrugated Cylinder (RCS dBam)",

", hutomatic)

Imagesize -> 700, Basestyle -> (Fomtsize -> 14, Fontweight -> "Bald"},
Polarhxes + True, PolarkxesOrigin- (0, Max[Abs[10 + Logl0[RCSSolE=]] ] ;

Bt Mk s S e
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Plot Erho

.11 Joined 4 Trus,
L i ic, 2ol
Plotstyls -> (Red, Dashed), Basestyle -> AbsolutaThickneas[2],
PlotMarkers -» None, PlotLabel —> "E, Corrugated Cylindex (RCE dBem)",
Imagesize -» 700, Basestyle -> {FontSize -» 14, FontWeight -> "Beld"),
Polarixes - True, = {0, Max[Abs[104 11

s {"Dagress®,

Plot Ep

- Jotned + True,
2 PolarTicks + {"Degrees”, g
PlotStyle -» (Red, Dashed], BaseStyle -> AbsoluteThickness[2],
PlotMazkers -> None, PlotLabel > "B, Cerrugated Cylindes (RCS diiem)”,
Style -> (FontSize -> 4, FontWeight -> "Bold"},
in (0, nin;:

ImageSize -» 700, B

Palaraxes + Trus,

Plot EAIl

RCSEALICozrdB = ListPolarPlot [RCSdataERLLdE, Joined -+ Trus.
PolarGridlines » Autcaatic, PolarTicks + {"Degrees”, Autematic),
Plotstyls -» (Rad, Dashed), Bi
FlotMarkers -> Hone, Plotlabel -> "Brua Corrugated Cylinder (RCS dBam)”,
magesize -» 700, Basestyle -» (FentSize -» 14, Fentweight -> "Bald"),

~ 10, Max[Abs[10+ NI

PolarAxes - True,

Summary Corrugated Cylinder Plots

e ary . . . .
spacings -5 (Scaled[0], Scaled[0]});
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Smooth Cylinder Plots - TM Plots

Ez (TM RCS)

Joined « True,
PolazGridiines + Automatic, PolarTicks -+ (“Degress’, Automatic),
Plotstyle -> Blus, Basestyle -> AbsoluteThickness(2], PlotMarkers -> Nona,
Plotlabel -5 "E. Smooth Cylinder (TM RCS dBam)", ImageSize -> 700,
Basestyle -» (Fomtsize -> 14, Fontweight -> *Hold"), Folarhxes + True,

rol 1o, 1

Erho (TM RCS)

Jeined + True,
PolarGridiines + Automatic, PolarTicks -+ {“Degrees”, Automatic},

Plotstyls -» Blus, Bassstyle -> AbsoluteThickness[2], PlotMarkers -> Wons,
Plotlabel -> "E, Smooth Cylinder (TM RCS dBsm)", ImageSize -> 700,
Basestyle -> (FontSize -> 14, FontWeight -» "Bold"), Polarhxes -+ True,

ol in-s [0, Max[Abs[10+ 11

Ephi (TM RCS)

5 Jeined + Trus,
PolazGridlines - Automatic, PolarTicks + { “Degrees”, Automatic),
Plotstyls -> Blus, BaseStyls -> AbsoluteThickness[2], PlotMarkars -» Nons,
Plotlabel -> "Ey Smooth Cylinder (TM ECS dBsm)”, ImageSize -> 700,
Basestyle -> (FomtSize -> 14, FomtWeight -3 "Hold"), PolarAxes - Trus,

1 - g0, : 1y

EAIl (TM RCS)

— 1 5 1TMAlldE, Jeined s Trus,
PolarGridiines + Automatic, PolarTicks + (“Degrees”, Automatic),
Plotstyle -> Blue, Basestyle -> AbsoluteThickness(2], PlotMarkers —> None,
Plotiabel -» "Er:a Smooth Cylinder (TM RCS dEsm)', Imagesize -» 100,
BaseStyle -> {FontSize -> 14, FomtWeight -> "Hold"}, PolarAxes + Trua,

10, 111131

Summary TH Plots

v t . '

{RCSEAILReqCyLTHAE) ), Spacings —» (Scaled([0], Sealed[0]31:

94 | PO Resaaron Garen_Fn_va.1.00

Smooth Cylinder Plots - TE Plots

Ez (TE RCS) - DOES NOT EXIST
Erho (TE RCS)

, Joined s Trua,

+ ("Dagrees”, :

Plotstyle -> Blue, BaseStyle -> AbsoluteThickness[2], PlotMarkers -> Wone,
Plotlabel -> "E. Smesth Cylinder (TE RCS dBsm)", ImageSize -> 700,
BaseStyle -> {FontSize -> 14, FontWeight -> "Bold"], PolarAxes + True,

Polarhxesoragin + (0, Max[Abs(10 + Loglo [RCSSolErhorageylTe] ]1)];

Ephi (TE RCS)

sar =L Joined + Trus,
PolarGridLines + hutomatic, PolarTicks - ['Degrees”, Automatic),
PlotStyle -» Blue, BaseStyle -» AbsoluteThickness[2], PlotMarkers -» Hone,
Plotlabel -> "By Smooth Cylinder (T2 ACS dBsm)", ImageSize -> 700,

Basestyle —» [FontSize -3 14, FontWeight -» “Sold"], Polaraxes + Trua,

Polaraxasorigin + (0, Max[Aba[10 + Logl0 [RCSSolEph rageylTE] 1))

EAIl (TE RCS)

- Toinad + True
PolarGridiines + Automatic, FalarTicks + ("Degreas”, Automatic),

Plocstyle -» Blue, Basestyle -» AbsoluceThickness[2], Flotwarkers -» Nona,
Plotlabel -> "Bees Smocth Cylinder (TE RCS dem)”, ImageSize -> 700,
Basestyle —» (Fontsize -> 14, FontWeight -> “Bold"), PolarAxes + True,
PolarhxesOrigin + (0, Max[Abs[10 + Logl0[RCSSolEreqeyl TERIL} 1))

Summary TE Plots

s are

; 5 b
Spacings -> {Scaled[0], Scaled(0]}];

P Rescorch Garcle flnsl vd.Lob | 88

Smooth Cylinder Plots - TM + TE Plots

Ez (TM + TERCS)

= Joined- Trus,
PolazGridlines » Automatic, PolarTicks = { “Degss Automatic),

Plotstyle -> Blue, Basestyle -> AbsoluteThickness(2], PlotMarkers -> Mone,
Plotlabel > "E. Smooth Cylinder (TM

RCS dBem) ", Imagesize -> 700,
BaseStyle -» (FontSize -> 14, FomtWeight -» "Bold"], PolarAxes + True,
el in- {0, Max[Abs[10+ 11

Erho (TM + TE RCS)

a e

Joined + Trus,
PelazGridiines + Aubomatic, Polarficks + (“Dagrass’, Automatic),

PlotStyle -» Blus, BaseStyle -> AbsoluteThickness[2], PlotMarkers -» None,
Plotlabel -> "E, Smooth Cylinder (TM . T2 RCS dBsm)", ImageSize => 700,
Basestyle -» (FomtSize -> 14, FomtWeight -» "Hold"), PolarAxes -+ Tru

ol 1o, 1

Ephi (TM + TE RCS)

e = Listrol

Joined + True,

PolarGridiines - Automatic, PolarTicks - {"Degrees”, Automatic},
Plotstyle -> Blue, Basestyle -> AbsoluteThickness(2], PlotMarkers -» Wone,
Plotiabel -» "Es Smeoth Cylinder (TM RCs daen)*, Imagesize -> 700,
Basestyls -> {FontSize -> 14, FontwWeight -> "Bold"), PolarAxes + True,

10, Max[Abs[10 4 1

EAll (TM + TE RCS)

e RCSEAL = ListBol

1dB, Joined - True,

PolarGridlines « Rutomatic, PolarTicks = (“Degrees’, Automatic),
PlotStyle -> Blus, BaseStyle -> AbsoluteThickness[2], PlotMarkers -» Nome,
Plotlabel -> "Erws Smooth Cylinder {TM » TE RCS dBem)”, ImageSize -> 700,
Basestyle -> (FomtSize -> 14, FomtWsight -3 "Bold"), PolarAxes + True,

- (o, n1

Bt Mk s S e
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Summary TM + TE Plots

o Graphicsgria
{ a . h
{RCSEALLRegCylTMpluaTEdB) |, Spacings -» {Scaled[0], Scalsd[0]}];

Compare (Regular vs Corrugated) Plots

TM, TE, and TM+TE Compare

(s PhARCSABPolarplote
GraphiceGeid]{ Lot { © Joined -+ True,
PolarGridlines + Automatic, Pelarficks + {"Degress”, Autcmatic),

PlotStyle -> (Blus, (Red, Dashed)}, BaseStyls -» AbscluteThickness[2],
PlotMarkers -3 Noms, Plotiabel -3 “E, TM RCS (dSam) Smeoth

Cylinder (Blue} va Corrugated Cylinder (Red, --)",
ImageSize => 700, BaseStyle -> {FontSize -> 14, FomtWeight -> "Bold"),
PolarAxes + True, Polarkxesorigin+

0, Max[Aba[

1. Aba(104 1

. TE Does ot Exist"

. Joined- True,
-+ Autematie, + {“Degrees”, se),
PlokStyle -> (Blue, (Red, Dashed)}, BaseStyle -> AbscluteThickness(2],
PlotMackers -> None, PlotLabel -> "E, TH.TE RCS {dBsm) Smooth
Cylinder (Blue) va Corrugated Cylinder (Red, --)",
ImageSize => 700, BaseStyle -> {FontSize -> 1
Polarazes + Trus, PolarAzasorigin - (0,

. PontWeight -> "Bold"),

Max[Abs | 1, Aba[10+ 1Mk
| 3oined - True,
PolarGridLines + Automatic, PolarTicks+ {"Dagraes”, Autematic)

Plotstyle -» (Blue, (Red, Dashed)}, Basestyle —> AbsoluteThickness[2],
PlotMarkers -> Nome, Plotlabel -> "E. T RCS [dBsm} Smooth

Cylinder (Blue) va Corrugated Cylinder (Red, —-)",
ImageSize -> 700, BaseStyls -> {FontSize -> 14, FontwWeight -> "Beld"),
PolarAxes + Teue, PolarhuesOrigin +
10, Max[Aba[10+

T ], Abs[10+ Logld] 14

ListPolarPlot|{RCSdatalrhoregeylTEds, ACSdatabrhodB), Joined -+ Trus,
PolarGridlines + Automatic, PolarTicks+ { “Degre

", Autematic),
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PlotStyle - (Blue, (Red, Dashed)), BaseStyls -» AbsclutsThickne:
PlotMarkers -» Non

121,

PlotLabel > "B, TE ACS (dBam) Smooth
Cylinder (alue) vs Corrugated Cylinder (Red, --}",

ImageSize -> 700, BaseStyle -> (FontSire -> 14, FontWeight -» "Bold"},

Polarhxes + True, PolarAxesorigin +

10, Max[Abs[10 4

1. Aba[104 L 1

L + Joined + True,
+ Autonatic, + ("Degreas”, 4

PlotStyle -> (Blue, (Red, Dashed)}, BaseStyle -> AbrcluteThickness(2],
PlotMarkers -» None, PlotLabel -> °E, THTE RCS (dBsm) Smooth

Cylindes
Imagesize > 700, Bassstyls > (FontSize -> 14, FontWaight -> "Bold"),
Tolarkxes + True, FolarAxesOrigin- (0, Max|

abs[104 ). Aba(104 ml

Blue) ve Corrugated Cylinder (Red, --}",

Joined + Trve,
+ {"Degress”, .
PlotStyle -> (Blus, (Red, Dashed)), BaseStyle -» AbsoluteThickness(2],
PlotMarkers -» Nons, PlotLabel -3 "E, TM RCS (dBsm) Smooth

Cylindex (Blue) vs Corrugated Cylinder (Red, -
ImageSize -> 700, BaseStyle -> (FontSize -> 14, FontWeight -»> "Bold"},
Polarhxes + True, PolarhxesOrigin -+
10, Max[Abs[10

1. Aps10 111

. . Joined « Troe,

+ Automatic, Pol

icks 4 ("Degrees”,
PlotStyla -> (Blua, {Red, Dashed}), BaseStyle -> AbsoluteThicknes
Plotuarkera -» Wons, Plotiabel -> "B, TE RCS (dBsm) Smooth

Cylinder (Blue) vs Corrugated Cylinder (Red, --}".
Imagesize —> 700, BaseStyle -> (FontSize —> 14, FontWeight —> "Bold"],
Polarhxes + True, PolarhxesOrigin -
{0, Max[Abs[10 1. Abs[1

2],

111

Lis (Re:

. Joined s Trus,

 Automatie, Pol ks = ("Dagraes®, tic),
PlotStyle -> (Blue, (Red, Dashed]), BaseStyle -» AbscluteThickness(Z]
PlotMarkers -» None, Flotlabel -> “Es TMeTE KCS (dBsm) Smooth

Cylinder (Blue) vs Corrugated Cylinder (fed, --}".
tyle -> (roncsize -> 14, Fontweight -> “mold'),
Polaraxas + Trus, PolarAxesorigin-+ (0, Max|

Apa{10s 1, Aba(10+ 1101

Imagesize -> 100, Ba
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1, 1ds), Joined + True,
PolarGridLines + Automatic, PolarTicks+ {“Degrees”, Autcaatic)
Plotstyle -» (Blue, (Red, Dashed)}, Basestyle - AbsoluteThickness[2],
PlotMarkers -> None, PlotLabal -> "Ez... TM RCS (dBsm) Smooth

Cylindes (Blue) va Cozrugated Cylinder (Red, --)",
Inagesize -> 700, BaseStyle -> {FontSize -> 14, FontWeight -> "Bold"),
PolarAxes + True, PolarhuesOrigin +
{0, Max[Abs[10 » Log10 [RCSS01EregeyLTAL1] |, Abs{10 + Logl0[RCSSolEALL]]]}]

ListPolarPlot| 1a8, 168}, Joined - True,
o + ("Dagrass”, :
PlotStyle -> (Blue, (Red, Dashed]}, BaseStyle -> AbsoluteThickness[2],
PlotMarkers -> None, Plotiabel -» "Er. TE RCS (dBsm) Smooth
Cylinder (8lue) va Corrugated Cylinder {Red, --)*,
Imagssiza -> 700, Basestyls -> (Fontsiza -> 1

. Fontweight -> "Bold") .
Polaraxes + True, PolarAxesorigin +
{0, Max[AbS[104+

111, Aba[104 Logit| 1n
. 14m, 148), Joined - True,
FolasGri -+ Rutomatic, PolarTicks -+ {“Degre
PlobStyle -> (Blus, (Red, Dashed)}, BaseStyla -> AbsoluteThickness[2],
PlotMackers -> Nons, PlotLabel -» "Enns: THTE BCS (dBsm) Smecth

Cylinder (Blue) va Corrugated Cylinder {Red, --)"
Imagesize -» 700, BaseStyla -» (FontSize -» 14, FontMaight -> 'Bald"),
Folasaxes + Troe, Polarkxasorigin -+ (0, Max|

Abs(i0 117, Abs[104 nmnm

. Autcmatic),

Export (Tostring|

-3pg" 1, Phi

Changing Phi RCS dB XY Plots

Corrugated Cylinder Plots

Plot Ez

P Rescorch Garcle flnsl vd.Lob | 88

PlotRange -> {(0, 2Pi}, (Min[104 Log 1. max(10w m,
Plotstyle -» (fed, Dashed), Easestyle -» AbsoluteThickness(2],

Plotmarkera -> NWone, Plotiabel -> "E: Corrugated Cylinder (RCS dsam)”,

Frame -» True, Framelabel -» {"¢", "RCS (dBem}"},

Gridlines -> {{{Pi, {Thick, Gray, Dashed}}}, Autcmatic}, Background -> White,
ImageSize -> 700, BaseStyle -> {FontSize -> 14, FontWeight -> "Bold"}];

Plat Erho

- PlotRange ->
(€0, 2P4}, (Min[10+ 1, Max[10 + Loglo[ [
PlotStyle -» (Red, Dashed], BaseStyle -» AbsoluteThickness(Z],

PlotMarkers -3 None, Plotlabel -> 'E. Corrugated Cylinder (RCS dBem)”,

Prame -» True, Framelabel -> {"¢", "RCS (dBsm}"},

Gridiines -> {{{Pi, {Thick, Gray, Dashed}}}, Automatic}, Background -> Whits,
ImageSize -» 700, BaseStyls -> {FontSize -> 14, FontWeight -> "Eold"}];

Plot Ephi

« ListLinePl Elothange -
(0, 204}, (Min[10+ 11, Max(10s SN
PlotStyle -> {Red, Dashed}, BaseStyle -> AbsoluteThickness(2],
PlotMarkers -> Nene, Plotiabel - "Es Carrugated Cylinder (RCs daa:
Frame -> True, Framelabel -» {"¢", "RCS (dBem)"},

GridLines -» ({{PL, {Thick, Gray, Dashed}}}, Autematic}, Background > White,
InageSize -> 700, BaseStyle -> {FontSize -> 1d, FontWeight -> "Bold"}];

Plot EAll

- ListLinerl

PlotRangs —>
({0, 2P4), (Min[10+Logl0[RCSSOlEALL)], Max[10 s LoglO[RCSSlEALL]]]}.
PlotStyle -> {Red, Dashed), BaseStyle -> AbsoluteThickness(Z],

PlotMarkers -> None, Plotlabel -> "Erys Corrugated Cylinder (RCS dBss) "
Frame -» True, Framelabel -> {"¢", "RCS (dBsm}"},

Gridiines -> (({Pi, {Thick, Gray, Dashed}}}, Automatic}, Background -» Whits,
Imagesize -> 700, Basestyls -> (FontSize -> 14, Fontweight -> “Bold"}];

Summary Corrugated Cylinder Plots

t . ¥
{RCSEAIlCorrdmuy]), Spacings -> (Scalsd[0], Szalad[0])];
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108 | PO Research Gorcia ol vi. Lob

Smooth Cylinder Plots - TM Plots

Ez (TM RCS)
it ey Plotrange -> ({0, 271},
{Min[10+ TM] ], Max[10e 111

Plotstyle -» Blue, BaseStyle -» AbsoluteThickness(2],
PlotMarkers > Nene, Plotlabel —» "E. Smooth Cylinder (TM RCS dBem)”,

Frame -> True, FrameLabel —> ("4, "ACS (dBam)"},

Gridlines -» {{[Pi, {Thick, Gray, Dashed)}}, Automatic}, Background - White,
ImageSize -> 700, BaseStyle -> (FontSize - 14, FontWeight -> "Bold'}];

Erho (TM RCS)

. o i T™MdB, PlotRangs -> ([0, 2Pi),
{Min[10+ 1. Max[10 + Logl0[ACSS0: n.
PlotStyle -> Blue, BaseStyle -» AbsoluteThickness|2],
PlotMarkers -» Noms, Plotlabel «» 'E, Smooth Cylinder (TM RCS dBsm)®,
Frame -> True, Framelabel -> ("$", "RCS (dBam)'},
Gridiines -> {({P4, [Thick, Gray, Dashed})}, Automatic), Background -> White,
ImageSize -> 700, BaseStyle —> (FontSize -> 14, FontWeight -> "Bold"}]:

Ephi (TM RCS)

i THdB, PlotRange -> ([0, 2Pi),
{Min[10+ Logl0 [RCSSo1EphiregoylTH] |, Max([10 « Logl0[RCssolEphizegeylm]] 1),

Plotstyle -> Blue, BaseStyle -> AbsoluteThickness|2],

PlotMarkers -> None, Plotladel -» "E¢ Smooth Cylinder (TM RCS dBem)”,

Frame -> True, Framslabel -» (4%, "RCS (dBsm)'},

Gridlines -» {{{Pi, [Thick, Gray, Dashed))}, Automatic), Background -> Whits,

ImageSize -» 700, BaseStyle -> (FontSize -» 14, FontWeight -> “Eold'}];

EAIl (TM RCS)

reos RESERL

= 1dB, PlotRange -> {[0, ZPi},
{Min[10+ Loglo[RCSSolEregey THALL]], Max[10« Logl0[RCSSolEzegeylDALl]]l],
PlotStyle -» Blus, BaseStyle -» AbsoluteThickness[2], PlotMarkers -> Nome,
Plotlabel -> "Bx.. Smasth Cylinder (T RCS de:
Frame -> True, Framelabel -> ("4", "RCS {dBam)"),

Griditnes —> {{{P1, {Thick, Gray, Dashed))}, Automatic}, Background -> White,
ImageSize -> 700, BaseStyle -> (FontSize -> 14, FontWeight -> "Bold'}1;
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Summary TM Plots

( TRy,

(RCSEALLReqCylTMdBxy) ), Spasings -» (Scaled(0], Sealed(0])]:
Smooth Cylinder Plots - TE Plots

Ez (TE RCS) - DOES NOT EXIST

Erho (TE RCS)

PlotRange -> ({0, 21},
TE] 1)}

TE]], Max[10s
PlotStyle -> Blue, BaseStyle -> AbsoluteThickness(2],

PlotMarkers -; None, Plotlabel -> 'E, Smosth Cylinder (TE RCS dBsm) ",
Fzame -» True, Framelabel -» {"¢", "RCS (dBsam)"},

Gridlines -> {{{Pi, {Thick, Gray, Dashed}}}, Automatic}, Backgrousd -> White,
ImageSize -» 700, BaseStyle -» {FomtSize -» 14, FomtWeight -» "Bold"}];

(in[104

Ephi (TE RCS)

2 . PlotRange => ({0, 2Pi},
(win[104 1, Max[10+ i Nt
Plotstyls -> Blus, Basestyls -> Absclucehackness(2],
PlotMarkers -> Nene, PlotlLabel -> "E, Smoeth Cylinder (TE RCS dBsm) ",
Frams - Trus, Framelsbel -> ("$", "RCS (dBam)"},
GridLines -> (((Fi, {Thick, Gray, Dashed})}, Autematic}, Backgrouad -> White,
> 700, Basestyle -> (FontSize -> 14, FontWeight -> "Bald"}];

Tmagesize

EAIll (TE RCS)
1 y idB, PlotRange -> ({0, 2Pi},
(Min[104 1)), Max(10+ 11},
Plotstyle -> Blue, Basestyle -> AbscluteThickness(2], PlotMarkers - None,
Plotlabel -> "Erwsi Smooth Cylinder (TE RCS dBsm)
Frame -» True, FrameLabel -> ("6", "RCS (dBsm)
Gridlines -> {{{Pi, {Thick, Gray, Dashed}}}, Automatic}, Background -» White,
Imagssize -» 700, BaseStyls -> {FomtSize -» 16, FontWeight -3 "Bold"}]

102 | Pn0 Researen Gavci_FnaL_u. 1.nb

Summary TE Plots

¢ 5

(RCSEAl1RegCylTEdBiy)}, Spacings -» (Scaled[0), Scaled(0]});

Smooth Cylinder Plots - TM + TE Plots

Ez (TM + TE RCS)

LlusTEdE,

PlotRange =» {{0, 2Pi), {Min[10+Logl0[ACSSolEzreqeyl iplusTs]]
Max[10 » Logl0[ReSsolEzrageyl TplusTa]] }), $lotstyle - Blus,
Basstyle -» AbsoluteThicknass(2], PlotMarkers -> Noms,
Plociabal -> E; Smeoth Cylinder (TM:TE RCS dBsm)”,
Frame -> True, FrameLabel —> ("$7, "RCS (dBam)"},
Gridiines —> {{{Pi, {Thick, Gray, Dashed))}, Automatic}, Background -> White,
ImageSize -> 700, BaseStyle -> {FontSize -> 14, FontWeight -> "Bold"}]:

Erho (TM + TE RCS)

BlotRange -> {{0, 231), {Min[10s Logl0[RCSSolErhoregayl iplusTa] ],
Max[10 » Logl0[RCSSelEzhoregeyliuplusTz] 1)), Plotstyls -» Blue,
BaseStyle -> AbsoluteThickness(2], PlotMarkers -> Noma,
PlotLabal "E, Smooth Cylinder (TM+TE RCS dBsm)
Frame -> True, Framslabel -> (4%, "RCS (dBem) '},
Griditnes -» (((Pi, (Thick, Gray, Dashed)]}, Automatic), Background -3 Whits,

ImageSize —» 700, BaseStyle -> (FontSize -» 14, FontWeight -> “Eold'}];

Ephi (TM + TE RCS)

i -
PlotRanga -> {0, 2P4), (Min[10s Logl0[RCSSoLEphiregoylTHplusTE] ],
Max[10 + Logi0 [ROSS01EphLregoyLTMPLUSTE] 1}, PlotStyle - Blua,
Basescyle -> AbsoluteThickness(2], PlotMarkers -» Noma,
Plotlabel -> "Ee Smooth Cylinder (TWTE RCS dBam)
Frame > Trve, Framelabel —> ("4%, "RCS (dBam)'},
GridLines -> {({Pi, [Thick, Gray, Dashed])}, Automatic}, Background -> White,
ImageSize -> 700, BaseStyle -> (FontSize -> 1, FontWeight -> "Bold'}1;

P4 Rescorch Garcla Final vi. Lok | 103

EAll (TM + TE RCS)

aL 103,

©

Plotkange -> ({0, 2#3}, [Min[10s Logl0[RCSSolEregoyl uplusTEALL]],
Max[10+ Logi0 [ACSSOlRFegeyLTHAUSTEALL]]}], Plotstyle —> Blus,

BaseStyle -> AbscluteThickness[2], PlotMarkers —> None,

Plotlabel -> "Enuess SMooth Cylinder (TM:TE RCS dam)",

Frame -> True, Framelabel -> {"¢", "RCS (dBem)"},

GriaLines -> {{{Pi, {Thick, Gray, Dashsd}]}, Autosatic}, Background -> Whits,

ImageSize -» 700, BaseStyle -> (FontSize -» 14, FontWeight -> "Bold"});

Summary TM + TE Plots

« ' '

. (ResEAl b

d[0]}] 7

Spacings -» (Scaled[0], Sca

Compare (Regular vs Corrugated) Plots

TM, TE, and TM+TE Compare

PhiRCSAEXYPlota =
Cishow . Plotrange -3
({0, 274}, {Min[104 JECH H
Max[10« egeylTH) , 10 E2)] 1), PlotLabel -3
B« TH RCS (dBsm) swooth Cylinder (slue) ve Corrugated Cylinder (Red, -},
Imagesize -> 700, BaseStyle -> (FentSiza -> 14, FentWeight -> "Bold"}]

"Ez TE RCS dB Doss Not Exist"

Showl{ % | PlotRasge -»
€0, 2P4), (Min[10+Logl0[RCSSslEzTegcylMAlasTE] , 10 + Lagl0[RCSSs1Ez]],
Max[10+ . 10+ Logl0[RCSSalER] 1]},
Plottabel > "E, TMATE BCS (dBsm) Smooth Cylinder (Blue}
wa Corrugated Cylindsr (Red, --)%,
Imagesize -> 700, BaseStyle -> (TontSiza -> 14, FontWeight -> "Bold"}]
I8
{Show| {RCSErhoReqgCy1THdExy, RCSErhoCorrdBxy}, PlotRange ->
(0, 294}, {min[ M) 104 Loglo[ B
Max[10+ . 104 Echo]]}), PlotLabel ->
“E, TM RCS (dBem)Smooth Cylinder {Elue) ve Corrugated Cylinder (Red, -
Imagesize -; 700, BassStyle -> (FeatSize -3 14, FontWeight - "Bold'}]

Bt Mk s S e
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. PlotRange ->
{40, 2Bi), (Mia[10+ 104 1
Max[10+ PRt 13}, PlotLabal ->
"E, TE BCS Ssooth Cylinder (Blue) va Corrugated Cylinder {Red, --)",
ImageSize -> 700, Basastyls -» (FontSiza -> 14, FPontWsight —> "Bald")]

. PlotRangs > ({0, 2P4),
(Min[10 L 104 1.
Max[104 L 104 ny

Plotlabel -> "E; THeTE RCS (dBsm) Smooth Cylinder (Slue}
ve Corrugated Cylinder (Red, —-)",
ImageSize -> 700, BaseStyle -> (FontSize
I8

> 14, TontWeight -> "Bold"}]

{Show[ (RCSEphiRegCylTHaBxy, RCSEphiCorrdBuy}, PlotRange ->
{0, 284}, (Mia[104 104 .

Max[10+ 1m0, 1 113}, Plotlabel ->

"E, ™ RCS (dBam) Smooth Cylinder (Elus) va Corrugated Cylinder (Red, --) ",
ImageSize -> 700, BaseStyle -» (FontSize -» 14, FontWeight -» "Bold"}]

140, 2pi), (Min 1

Hax[100 1 13}, PlotLabel ->
"E, TE RCS (dBam) Smooth Cylinder (Blue] va Corrugated Cylinder {Red, —-}",
> 14, Tontweight —» "Bold")]

Imagesize -> 700, Basestyle -» (FontSize
PlotRange -» ({0, 2Pi},
(Min[10 « Logl0[RESSalEph: , 104 .
Max[10 » Log10[RCSSel Ephi regeylTMplusTE] . 10 + Logl 0[RCSSalEphi] ]},
PlotlLabel - "Es TMsTE RCS (dBsm) Smooth Cylinder (Blus)
vs Corrugated Cylinder (Red, --}",
ImageSize -> 700, BasasStyls -» (FontSize
).

Fontwaignt -» "Bola"]]

{Show [ (RCSEAL1RegCy] THdEKy, RCSEALICorrdBay), PlotRange —>
(40, 2P4), (Min[10+ 1104 1,
Max[104 L 10w 1,
Plotlabel -> "Eras TH RCS {dBam} Smooth Cylinder (Blue)
vs Corrugated Cylinder (Red, --)",
TmageSize -> 700, BassStyle -» (FontSize -> 14, FontWeight -» "Bold"}]

Show| {RCSERL1RegCy1TEdRxy, RCSEALICorrdExy), BlotRangs -»
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({0, 2P4}, [Min[10+Logl0[RCSSolEzagey] TEALL], 10+ Logl0 [RCSSSLELL]],
Max[10 1EreqeylTEALL], 10+ Ba11]1))
Plotiabel -3 “Eztu TE RCS (dBsm) smaoth Cylinder (2lus)
va Corrugated Cylinder (Red, --)7,
magesize -> 700, Basestyle —» (Fentsize -> 14, Fontweight —» "Beld"}]

Show[ (RCSEALIRegCy L TMplusTEdBxy, RCSEALLCorzdBay}, PlotRange —> ({0, ZP4l,
Men[10 TEALL], 10+ Logld[
Max [10 + Logl0 [RCSSo 1Eregeyl TMplusTEALL] , 10 + Log10 [RCSSGLEALL]] }),
Plotlabel -> "Exsa THTE RCS (dBem) Smooth Cylinder (Blue)
vs Corrugated Cylinder (Red, --)7,
ImageSize -> 700, BaseStyle -» (FentSize -> 14, FontWeight -» *Bold"}]

= dpgt, 1, ehi J

RCS dBsm Data Export

fii. tablavalu 10+ Logl0[RCSSolEz] . 10« Logl0[RCSSolEzregey 1 THplusTE]
10+ 10+ Loglo[ 1
0. 1. 10+ Loglo[ - LlusTE],
10. 1), 104 Log1o[ Nk

. tablecolheading «

« RS amem, 245 dpam®, RS dmec,
“ErhoSmoothCyl RS dBsm®, "BphiCorrugCyl RMS dBam", "EphiSmoothCyl RMS dBsn’,
RMS dBsm”, RMS dBsm")};
" ; = mlaxt, 1

oin[tablecolheading, Transpose|tablevalus:

Speak["The polar plots are done!

Export Data[Changing Phi Data]

b, 52, pl, EztempS, Extampl, ErhotenpS, Erhotenpl, BphitempS, Ephitempl,

EphizegoylTEI, SphiregeyLTHI, phirangs, p, lambda, 61, phidelta);

\en . Export[ToString[StringForm[®  mx”, Phifilename]], data]
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Plane-wave Scattering of a Periodic

Corrugated Cylinder - Boundary a+b

Clearali["Global's"]

SetDirectoryl "C

\Google Drive\D:
(+Output Directorys)

Import Data [Changing Rho Data]

Boundary ‘2’ Data

- dataa = Isport( "rhe_outa.me"] ;
- o dataal[1]];
wi- b dataa[[2]];
- p2 e dataal[3]];
wi- pl=dataal[4]];

Eztamps

dataal[5)];

Eztecpla - dataa([6]]:

{- ErhotempSa « datsa[ [1]

(- Exhotempla = dataa[ [8]];

(- EphitempSa « data.

i
{7 Ephitempla = dataal [10]];
“- EzregeylTESs = dataa[[11]];

EzregaylTHsa = dataa[(12]];
(- EzregeylTEIs - dataa((1311
{7~ Bzrageylmiia - dataa[[14]];
(- ExhoregeylTESa = dataa( [15]]:
{10~ ErhoregeylTMSa = dataal [161];

(i1~ ErhoregeylTEIa - dat

(7

2| D Rasaarcn Garei_saunane a_pivs_o.n

1. ExhoregeylTiia = datas

el
\on EphiregeylTESa  dataa([19]];
1o TphiregeylTHsa = dataa([20] ]

vou- Bphiregeyl®Ela - datas

21

107 EphiregeylTHIa= dataa([22]];

124 Thorangs = dataa[[25]]; (szhe ranges)
Ve p = dataal [24]1;
tes- Lambda0 = dataa([251]1;
1o o= davaal(261);
ioo- @ o dataal [27]];
0= datas((28]);
O« datan([29]];
£0.- dacanr(301];
homin - dataa[[31]];
chomax - dataa{(32]1;
thodelta = dataa[[33]];
poin EDIN
Jqty = dataa[[38]];
#4 = dataa[[36]] ;
mmin = dataa[[37]];
omax = dataa((38]]:
gty = dataal[35]1;
Imin « dataa[[40]]:
Lmax + datan([81]];
laty = dateal[€2]];
mmin « dataa[[43]];
mmax - dntaa[[44]];
iqty = dataa((45]];
ataa[[46]];
imaxcheek = dataa[[47]];
boundaxycheck = datsa[(48]] ;
(sEstemp-datas( (4911
Ephitenp=dataal [501];
Erhoteapsdataa( [511]: )
$a= dataa[[52]];
$avalue « dataa[[53]]5

mmaxchach

D Research Gorela Boundery & pius bob | 3

Boundary 'b’ Data

1+ - datab = Import| "rhe_outb.ms"];
e me datab([1]];
v~ b datab([2)];
- 2 « datab[[3]]
ro- Bl = datan[[4]];
+- BxtecpSh = datab[[5]];

{1~ Brtemplb = datab[[6]]

EshotempSh = datab[ [7]] 5

- ErhotampIb = datab[ [£]] ;

- Ephitempsb = datab([9]];
Ephitemprb = datal

1011z

4 EzregoylTESb = datab[[11]];

Rzragoy THSD = datab([12]];

ExrageylTEIb = datab([13]];

ErrageylTHIb - datab[[14]];

ErhoregeylTESh = datab[ [15]

- ErhoregeylTush - datab[ [16]];

ErhoregeylTBIb = databl [17]];
=~ BrhoregeylTMIb « datab([18]];
- EphizegoylTesh = databl [19]];
- EphiregeylTMSh « datab[ [20]];
- EphiregeylTEIb = databl [21]]:

1 - EphiregoylT™Ib « datab[[22]];
{sExtempedatab[[49]] ;
Ephitems-datab((50]]
Erhotemp=datab((51]]; )

Bt Mk s S e

4 | Ph Rescarch Garcia Boundary a_plvs b

Equations [Changing Rho Data]

(+Conbining of Boundar 'a’ and Boundar 'b' fieldss)
Eatenps = ExtempSa - Eztempsh;

Eatenpl - Extempla;

shot enpSa + ExhotempSh;

rhotenpla;

Ephitesps = EphitenpSa + Ephitenpsb;

phitenpla;

ExregeylTES « ExregoylTESs « ExreqeylTESh;
1

BxregeylTET - ErregeylTETa;
maregeylTer = ReregoylTnia;
ErhoregeylTES = ErhoregeylTESa + ExhorageylTESD;

ErhoregeylTEI = ErhoregeylTEIa;
BrhoregeylTHI = ErhoregoylTHIa;
EphizegoylTES - EphiregeylTESa + EphiregeylTESh;
EphizegeylTHS - EphizageylTHSa + Ephi regey lTHSE;
EphiregeylTEI - EphiregeylTEls;
EBphiregeylTI « EphiregeylTila;

(+Changing the XY plot specific equsticnss)
ExregeylTHSandl « ExregoylTHI « EzsegeylTHS:

= 1TESandI = .

Eatemp = Eztempl + EztenpS:
Eshotemp = Erhotempl s ExhotespS;
Ephitemp - Ephitempl + Bphitemps;

LT ——
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Changing Rho Plot Calculations TM Mode Solutions
(+Incident + Scattered Solutione}
Solution for Plots - Corrugated Cylinder SolBzregoylTMSandl = W[Abs(EzregeylTMSand)]
- It lasbdad, SolEzzegeylTSandT}];

@ ¢a; (racattered fisld ¢, possibly incident é as wellr)
(api=ginp
#1= ¢ivalue; (sonly if considered unique and distinct from scattered fields)

- I
dataErhorageylTHSandl . Transposs||sherangs [ lambda0, SelErhorageylrMsanar}];

{+Incident + Scattered Solutiens) hog 1:
SolEz = W{Abs[Extemp]] ; datarphirageylTHSands = Transposs| [ rherange / Lambda0, SolEphiregeylisandr}] ;
dataks = Transposa| {zhorangs /lanbdad, Solfz}]:

$01EAlLTMSand)
SolEphi = N[Abs|Ephitemp]]; W (Abs [Sqre[( ) # Cos[9] - dT) & Sin[8]) "2 +
dataBphi » Transpose| {chorange / Lasbdab, SolEphi}]; ( +sin(4] + (ep vcon(a]) 2+
(EzxegoylTSandr) “21];
Solkcho « N[Abs[Echotenp]]; dataEAliTMSandI = Transpose[{rhorange / lasbda0, SelEALlTMSandI)];

dstabrhs - Transposs|[rhorangs / lasbdao, Solirhc)];

(+Scattersd Gmly Selutions)

SolEAllsands = K[Aba[sqrt((Erhotemp) + Cos(8) - (Ephitamp) + Sin[4]) “2+ SolRxregeylT™MS « N[Abs{ExrageylTs]|;
{{Erhotamp) « Sin[@] + (Ephitemp) « Cos[$]} * 2+ (Extemp) “2]]]; . f; / 1ambaag, 1

dataEAllsandI = Transpose|{rhorange / lambda0, SolEAllsandl}]:

SolErhorsgoylTMs = W[Abs|Erhorageylms] );

(sSoattered only Solutions) datatrhoragey lTs « Transpose|{rhorange / lanbda, Solerhoregeylmes]
SolEzS = W[Abs[EztempS]);
dataBss - Transposs |{chorange / lasbdat, SolEs)]; So1RphirequylTHS = N[Abs[EphiragoylTHS] |;

dataEphiregoy lTHS = Tranaposs|{rhorange / lanbdsd, SolEphireqeylmis)]:

SolEpnis « N[Abs[Ephitemps]];

datakphis « Transpose|(shorange / 1anisdad, Solephis)]; SOIEALLTMS = N(Abs(Sqrt( 191~ (61) "2+
s Sin[e] + (e]) "2+ “2]11):
Salkrhes . N[Abs[EhotemsS]]; dataEA1LTHS - Transposs|{zhorange/lashda0, SolEAlimis)];

datakrhos - Transpose| | horangs / 1anbds0, Soleshos]|;

SoIEALLS - N[Abs[Sqrt((Exhotamps « Cos(9] - Ephitemps « Sin[4]) "2+
{(Exhotemps « Sin[¢] + Ephitemps « Cos(¢] ) “ 2+ (Eztemps) “2)]]:
AtaEAILS - Transposs|{shorange /lasbdan, Sc1RALIS}]:

Solution for Plots - Regular “Smoath™ Cylinder

$= ¢a; (vscattersd field $, possibly incident ¢ as welle)
[e9isaie)
$i = divalue; (+Only 3£ considered unigue and distinot from scattered fialds)

#hD Rescarch Gereia_ Boundry a it b | 7 8 | P40 Reseurch Garcia Baundry a_phos_bnb
TE Mode Solutions TM + TE Mode Solutions
{+Incident + Scattarsd Solutions) (sIncidant . Scattared Solueions)
- 3 ar - 15
datamzregeylTESAndl - Tranapas|{thorangs / lansdso, soluzrageylTEsand:)|; dataEsregeylTHRLusTESARAT =
Transpose [ { rhorange / lanbda0, SolEzrageylTHplusTESand}];
= H{Abs )
= Tranaposa[{ Lusbidad, 1 - wp ’ 1

dataErhoragey I THPlUSTESanAT
= wlAve( i Tranepose | { rhorange / lanbda0, SolErhoregeylTMplusTESandr}];
dataBphs regoylTESandI - Transpose| | chorange / 1aabdad, SolBphiregey TESandI}|;

SolEphi - Niabs[Esh: . 13
SolEALITESandl - datakphiregey THplusTESand] «
i +Coald] - (Ephi =8in[]) “2+ Transpose|[ rhorange / 1ambdad, SolEphiregcylTMplusTESandL}];
w« sinfe] + s cos[e]) 2+
(EzrageylTEsanar) ~2]]]; Sorzal « n{ans[sqre(( )« Cosfe] -
dataBAllTssands - Transposs| {rhorangs / lambda0, SolgallEsandt}]; (£phi ragey] TRSandl « EphireqeylTMSandl) « Sin[#]) ~2
{ (Erhoregey] TESandl « ErhorageylT™SandT) s Sin (9] ¢
{+Seattered Only Selutions) (EphizegeylTEsands + BphiregeylTMsandi) s Cos[9]) ~2+
SolEzregeylTES = N[Aba[EzzeqeylTES]| (EzregeylTESandl + ExrageylTHsanal) ~2] 1]
dataEzregeylTES = Transpose|{rhorange / lanbda0, SolEzregeylTEs)]: dataEAllTMplueTESandI = Transpose||rhorange /lambda0, SolEA1lTMplusTESandI}]
SolEchoregeylTES = N[Abs [ErhoregeylTESI]: (+Scattersd only Solutions]
dataErhorageylTES = Transpasa| {rhoranga/ lanbda0, SolErhoregeyl?Es}]; —— 1
dataBzregeylTHplusTES = Transpose| | chorange / lanbda0, SolEzzegeyl THplusTES}| -
SolEphisegeylTES = N[Abs [EphiregeylTES]];
datakphiregeylTES « Transpose| {rhorange / lanbdal, SolEphiregeylTes}]: - n[aba[ . 1:
Tzanspose{zh Lambda0, 1

Se1EALITES = W[Abs|[8qrt [ (ErhorageylTES « Cos [4] - EphiregeylTES « Sin[¢]) "2

sin[e] + Eph coal#]]72+ ( ~21)1; . . 17u5] 17
dataEaliTes - Transpose| (rhorange /lambdad, Soleallzes)]; datasphiregeylTHplusTES = Transpose|{zhorange / lambdad, Solephiregeylmmplustas)]:

~cos(¢] -
(Ephiragey L TES + EphizogeylTHS) « Sin(]) "2+
( «5in(#) + (Eph =
Cos[#]) "2+ (ExregeylTES + ExregeylT™s) "2]] ]
4ataEAlLlTMPlusTES = Transposs|[shorangs/ lamndat, SolEAllTMplustEs)|:
Bt Wb s b st [T T —
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Changing Rho XY Plots

Table of Parameters

-, %21}, (208", "-%,
L e, met), (B Lambdas
{o1 /1ambdas ~ax, =, #-%, o}, {o2 /1ambdat “ar, -1, "
{*-*. rhomin/lambas0 "A", rhomax/1anbda0 "°, rhodalta Lanbda0 "x",
Length[zhorange] }, (N[#+ (190,/p1)| "Deg", o

{spoint /a"a" &6 spoint / lanbdad *a* , "
{rem, mem, ten, ten, Sqtyh, ([ed (180/i)] "Deg
[8[62+ {180 /5) | "Dagr, m=n, "on, von, v},
{7-", nmin, omax, 1%, nqty}, (*-", lmin, lmax
1qty}, (mmaxcheck,

- tablevaluss - {(n[E0] "Vim

{7-", mmin, mmax, "1"

[1maxehack, "-7, "%, o0,
tablarowheading = {"E0", "H
‘o Tange", ' (cbasrved)", *z (cbasrved) ", "Matching Pointa’
"$47, "n", "1", "m*, "max allowable m", "max allowabla 1", "Boundary"};
tablacolhaading

valua", "min", "max", "dalta", "Qry of Points");

& = LSRR N
[t
Tremstyle + (Bold, 20), Frame + AL

Background + { (LightGray}, (LightGray)}]

port TR, 1

Corrugated Cylinder Plots

Plot Ez (Scattered)

EaCorss = TistLineplot[datamss,
PlotRange —» {[rhomin/lanbda, rhomax /lambdad), {0, Max[solmzs]i}.
Plotstyle -> (Red, Dashed), BaseStyle -> AbsoluteThickness[2].
PlotMarkers -» Mons, Plotlabel -> "E, Corrugated Cylinder (Scattersd Field)",
Frame -> True, Framelabel -> {"0/A", "V/m"),
Gridlines -» [[{02/lambda0, {Thick, Gray, Dashed) ]}, Automatic],
Background -» Whita, ImageSize -> 700,
Bassstyle -» (FontSize -> 14, FontWeight —> "Bold")|;

10 | PD Resaarcn Garen_Baunctiy a_phvs_n n

Plot Ez (Inc + Scattered)

wi- EaCorrSandl = ListLinePlot[datalz, PlotStyle -> (Red, Dashed),
BaseStyle -» AbsoluteThickaess(2), PlotMarkers -> None,
Plotlabel -» "E, Corrugated Cylinder (Incident + Scattered Field)",
FrameLabel -3 {"a/1", "Vim'},
Gridiines -» {{{pZ/lamoda0, [Thick, Gray, Dashed)]]. Autematic},
Background -5 Whits, Imagesiza -> 700,
BasaStyls - (FentSiza -» 14, Fonthaight - "Beld'}];

Frams -» Tru

Plot Erho ( Scattered)

4- BrhoCoreS  Liztline?lot[datamzhos,
FlotRange > {{rhomin/lambda0, rhomaxlambdad}, (0, sax[SolErhos]}],
Plotstyls -> (Red, Dashed), Basestyla -> AbsolutaThickness[2],
PlotMarkers -» Nome, PlotLabel —> *E, Corrvgated Cylinder (scatt
i
Gridiines -» {{[02/lambda0, (Thick, Gray, Di
Background -> Wnite, TmageSize -> 700,

d Field) ",

Frams > True, FrameLabsl -> {"a/A", "V

sdl]}, mutematic),

Basestyle -» (Fontsize -» 14, FontReight —»

1835

Plot Erho (Inc + Scattered)

s EshoCorrSandT = ListLinePlot [datakrho,
Plothange - {{chomin/lazbda0, rhomax/lasbdsv}, (0, Max[SolEzhel 1},
PlotStyle -> (Red, Bashed), BassStyls -> AbsoluteThickness[2], PlotMarkers -
None, PlotLabel -» "Eo Corrugated Cylinder (Incidest + Scattersd Field)",
Frane «> True, FrameLsbel -> {"p/X", "Via'},
Gridiines -» {{{s2/lanbda0, (Tmick, Gray, Dasned)}]. Autcmatic},
Background -> White, Imsgesize -> 708,
Easastyle -» (remtsize -» 14, Fentweighe » "Bels’}];

Plot Ep

i (Scattered)

EphiCorrs = ListLinePlot[dataZphis,
PlotRange -> {{rhomin/lambda0, rhomax/lambdad}), (0, Max(SolEphis]}).
Plotstyle -» (Red, Dashed), Basestyle -> AbsoluteThickness[2],
PlotMarkers -> None, Plotlabel -> "By Corrugated Cylinder (Scattersd Fiald)',
Frame > True, Framelabel —» ('p/A", "Vim'),
Gridiines -> ({[s2/lambdad, (Thick, Gray, Dashed))}, Automatic],
Backgzound -> White, ImsgeSize -> 700,
BaseStyle -» {PontSize -3 14, FontWeight -» "Bold"}];
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Plot Ephi (Inc + Scattered)

EphiCorrSandl « ListLinePlot[datakphi,
lotzangs -» [[rhomin/ lambdad, rhomax /lambdad], (0, wax|solephi]]},
Plotstyls -> (Rad, Dashed), Baseftyla -> AbSOluteThickness[2], PlotMarkers -
Wone, Plotlabel -» "E, Corrugated Cylinder {Incident + Scattered Field)®,
Frame -> True, FrameLabsl —> ("0/A", "V/m"),
GridLines -> {{{o2/lembda, {Thick, Gray, Dashed) )}, Automatic
Background -> Wnite, Imagasize -> 700,
BaseStyle -» (FontSize -> 14, FontWeight —> "Bold")]:

Plot EAll (Scattered)

“i- BALlGoreS = ListLinePlot|dstaEAlls,
Plothange -» {[chomin/ lanbdad, thomas/lambdad}, (9, Max(SolEALISI)),
PlotStyle > (Red, Dashed), BaseStyle -> AbsoluteThickness(2], PlotMarkess -»
Noma, PLotiabel -> "By Corrugated Cylinder (Scattersd Fisld)",
Frame -> True, Framelabel -»> {"o/A", "W/m"}),
Gridiines > {[{o2lexbdad, {Thick, Gray. Dashed) |}, Automatic]
Backgzound -> White, Imagesize -> 700,

Basastyle -> (FontSize -» 14, FontWeight -» "Bold")];

Plot EAll (Inc + Scattered)

o EALL dr =
PlotRange -> {{rhomin/lanbdal, rhomax /lambda0}. {0, Max[SolEAllSandI)}},
PlotStyle -> (Rad, Dashed), BaseStyle -> AbsoluteThickness[2], PlotMarkers
Mone, Plotiabel -» "Er. Corrugated Cylinder (Incident + Seattered Field)®,
Frame -> True, Framelabel —> ("p/A", "W/m'},

Gridiines > {{{02/lambda0, (Thck, Gray, Dashed)}}. Automatic]
Background -> Whita, ImageSize -> 700,

etz I

Bassstyle -» (FentSize -» 14, FontWeight —» "Bold"}];
Summary TM Plots
r— . (aeh ’
. (EAllcesss, B i

Spacings -> (Scaled[0], Scaled[0])];

Bt Mk s S e
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Smooth Cylinder Plots - TM Plots

Ez (TM Scattered)

v BARGGCYLTHS = ListLinePlot|dataBirsgoylTHs,
PlotRange -» {{rhomin/lasbda0, rhomaz/lambdab}, {0, Max|SolEzregoylTsi)},
PlotStyle -» Blue, BaseStyle -> AbsoluteThickness(2], PlotMarkers -» None,
. smooth Cylinder (THM Seattered Field)",
Framelabel -> (*e/A", "Via'},
Gridlines -> {{{02/lambda0, [Thick, Gray, Dashed}}}, Autematic}.
Background -> White, ImageSize -> 700,
> 14, Fontieight -» "Bald"}];:

Basestyle -» (FontSize

Ez (TM Inc + Scattered)

wier- EaRegCylTMSandl = ListLinePlot

. PlotRange ->
{{chomin/ lambda0, rhomax/lambda0), {0, Max[SolfrregcylTSandl]}].
Flotstyle -» Blus, Basestyle -» AbsoluteThickness[2], Plotdarkers -> Mone,
Flotiabel -> "E. Smaoth Cylinder (TH Incidant o Scattered Field)",

Frame -> True, Framelabel - ("p/A%, “V/m"},

Griduines -> {{{p2/lanbdad, (Thick, Gray, Dashedi}}, Mutomstic},
Background -» White, ImageSize —> 700,

Basastyle - (FontSize -> 14, FentMeight -» "Beld"}];

Erho (TM Scattered)

T

PlotRange -» Hrnu.a/].-;mo‘ honaz/ lanbdad}, (0, Max(SelEzheregeylmus))},
Plotstyle -> Blus, BaseStyle -> AbsoluteThickness(2], PlotMarkers -> None,
PlotLanel -; "E, Smooth Cylinder (T Scattersd Fisld)",

Frame -» True, Framelsbel -> {"p/A", "V/m"},

Grigines - [{[s2/lsmcaso, (tnick, Gray, Dashed)]), Autemstic),

Background -> White, ImageSize -> 700,

BaseStyle -» (FontSize -> 14, Fonthieight -» "Bold'}];

LT ——
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Erho (TM Inc + Scattered)

= it PlotRange ->
{{zhomsn / Lambdad, rhomax/lambdat), (0, Max[SelErhoregeylTMSandl] ]},
PlotStyle -» Blus, BaseStyle -> AbsoluteThickness[2], PlotMarkers -> None,
PlotLabel -3 'E, Smooth Cylinder (T Incident + Scattared Fisld)”,

Fraze -> True, Pramelabel -» ("p/3%, "W/m'},

Griduines -» [[[p2/lambdan, {Thick, Gray, Dashad) |}, Automaesc),
Backgzownd -» Whits, ImagaSize -3 700,

BaseStyle - (FontSize -» 14, FontWeight -» "Bold"]];

Ephi (TM Scattered)

Plotrange -» {[rnomin/lannan, rhomax /lanndad}, {0, Wax(Soltphiregeylmus) ]},
Plotstyle -> Blue, Basestyle -> AbsoluteThickness(2], PlotMarkers -> Nene,
Plotiabel -> "E, Smooth Cylinder (T Scattered Fisid)®,

Frames -> Trua, Framelabel -» ("p/A", "w/m"},

Griduines -> {{{p?/lasbdad, {Thick, Gray, Dashed) |}, Automatic},

Background —> White, TmageSize -: 700,

Basastyle -> (FontSize -> 14, FontWeight -> "Bold"}];

Ephi (TM Inc + Scattered)

- Zistrs Plothangs >
{{=homin / 1ambaa0, rhomax/lembdaO), {0, Max|SolBphiregeylTSandl]}},
PlotStyle -> Blus, BassStyls -> AbsoluteThickness[2], PlotMarkers -> Wone,
Plotlabel -> "B, Smooth Cylinder (TH Incident » Scattered Field)",

Frams -» Trus, Pramelabel -» ("p/A%, "Wim'),
Gridiines -» [[[p2/lambdad, (Thick, Gray, Dashed) |}, Autamacic),
ackgrownd -» Whits, Imagasize -5 100,

BaseStyle -> (FontSize -> 14, FontWeight —> "Bold"}]:

14 | PO Resaarcn Garen_Baunctiy a_phvs_ n

EAIl (TM Scatcered)

- [ 1ms,

PlotRange > [{ehemin/lanbda0, rhomax/lambdad), (0, Max[SolEALITHS]}].
Plotstyle -> Blue, BaseStyle -> AbsoluteThickness(2], PlotMackers -> Moo
PlotLabel -3 "Erwa Smooth Cylindsr (TM Scattsrsd Fisld)®,

, Framelabel -> {"p/A", “V/m"},

Gridisnes - {{{p2/lambda0, (mick, Gray, Dasned}]], nuecmstic),
Background - > 700,

BaseStyle - (FontSize -> 14, Fonthieight -> "Bold"}];

Frame -» Trus,

Whits, Imsgefize

EAIl (TM Inc + Scattered)

1 £ I " 4

Plotiangs > {{rhomin / Lanbda0, rhomax/ lambdan}, (0, Max[SolEAllTMsandi]]},
Plotstyle -» Blus, Basestyle -> AbsoluteThickness(2), PlotMarkers - Wone,
Plothabel - "Eyua: Swooth Cylinder (TM Incident + Scattered Field)"
Frame > True, Framerabel -> {"a/A*, “wim'),

Gridlines -> {{{p2/1lanbdad, {Thick, Gray, Dashed}}}, Automatic},
Background -> Wnite, Imagesize -> 70¢,
BaseStyle -> (FontSize -> 14, FontWeight ->

o1a7];

Summary TM Plots

. (3 be
il ‘EphiReqCylTMSandl],

{EALIReqCy1TMS, EALIRegCylTMSandl)}, Spacings -> (Scaled(0], Scaled(0]}]:

Smooth Cylinder Plots - TE Plots

Ez (TE Scartered)

Plochange » [{shomin,/ lanbda0, shonas laahda), (3, Max|SelEsregeyltEs])).
Plotstyle -» Blue, Basestyle -> AbsoluteThickness(2), FlotMarkers -> None,
Flotiabel -> "E: Smooth Cylindar (TE Scattered Field)",

Frame -> True, Framelabel -» ("p/A", "V/m"},

GridLines -» ({(p2/lambdad, (Thick, Gray, Dashed}}}, Mutomatic),
Background -> White, ImageSize -> 700,

BaseStyle - {FontSize -> 14, FontBaight -» "Bold"}|:
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Ez (TE Inc + Scattered)

iy Plotrangs ->
[{rhomin / Lambda0, rhomax/1ambdad], [0, seax|golEzregeylTedands]}],
Plotstyla - Blu estyle - AbssluteThickneas[2], PlotMarkers -> Neme,
Plotlabel -» "E, Smooth Cylinder (TE Incident + Scattered Fisld)",

Frame -> True, FrameLabsl —> ("0/A", "V/m"),

GridLines -> {{{o2/lembdad, {Thick, Gray, Dashed)}}, Automatic},
Background -> Wnite, Imagasize -> 700,

BaseStyle -» (FontSize -> 14, FontWeight —> "Bold")]:

Erho (TE Scattered)

Listr [
PlotRange -» {[rhomin/lembdad, zhemex /lambda0), (0, Max(SolErhoregeylTEs))}.
PlotStyle -> Blus, BassStyls -> AbsoluteThickness[2], PlotMarkers -> Nane,

PlotLabel -» "%, Smocth Cylinder (TE Scattezsd Fisld)®,
Frame -> True, Framelabel -»> {"o/A", "W/m"}),

Gridiines > ([[o2/Lambdad, {Thick, Grey. Dashed) |}, Automatic},
Backgzound -> White, Imagesize -> T00,

BaseStyle -> (FontSiza -> 14, FontWeight -> "Bold"}];

Erho (TE Inc + Scattered)

-z Plotrangs —»
{{rhomin/ 1anbdad, rhomax/lambdaC}, {0, Max|SelErhoregcylTESandI]}},
Plotstyle -> Blua, Basestyle -> AbsoluteThickness[2], PlotMarkers -> None,
Plotabel -» "B, Smooth Cylinder (TE Incident + scattered Field)®,

Frame -> True, Framelabel —> ("p/A", "W/m'},

Gridiines > {{{02/lambdad, (Thick, Gray. Dashed) |}, Automatic},
Background -> Whita, ImageSize -> 700,
Bassstyle -» (FontSize -> 14, FontWeight

> rmora )]s

Bt Mk s S e
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Ephi (TE Scattered)

Flotkange -» [{rhomin/lambdad, rhomax/lsabdas), (0, wex[SolfphiregeylTes])],
Plotstyle - Blue, Basestyle - AbacluteFhicknesa(2], PlotMazkezs - Hon
PlotLabel -» "E, Smooth Cylinder (TE Scattered Field)".

Frame -> True, FrameLabel -> {"a/X", "Vim'),

Gridiines -> {{{s2/laabdad, (Thick, Gray, Dashed}}}. Rutomstic},
Background -> Whita, Imagesiza -> 700,
Basestyle -> (Fentsize -> 14, Fentweight -

o181 ]

Ephi (TE Inc + Scattered)

e [ PlotRange ->
{{shomin/Lembdad, shomes/lambda0), (0, Max(SolEphiregcylTESandll}].
Plotstyle -> Blus, BaseStyle -> AbsoluteThickness(2], PlotMackers - None,
“E, Smasth Cylinder (FE Incidant + Scattered Fisld)®,
Framelabel -> {"@/A", “V/m"},
Gridlines - [{{p2/ lombda0, (Thick, Gray, Dashed}]]. Auematic],
Background -> White, ImageSize -> 700,
EnsaStyle -> (FontSire -> 14, FontWaight -> "Bold"}];

Platiabel

Frame -» Tru

EAIl (TE Scattered)

1

PlotRange -» {{rhomin/lanbdad, rhomax/lambdab}, {0, Max[SolEALITES]}).
Flotstyle -> Blue, Basestyle -> AbsoluteThickness[2], PlotMarkers -» Wone,
Plotlabel > “Erea: Smooth Cylindor ((TE Seattered Field)”,

Frame -> True, Framelsbel -> {"a/A", "Vim'},

Gridiines -» [{{02/lambda0, (Thick, Gray, Dashed}]]. Autematic}.
Background -> White, ImageSize -> 700,
BassStyls - (FentSiza -; 14, Fontkaight

“pe1a} ]

LT ——
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EAll (TE Inc + Scattered)

PlotRange —> [[rhomin/lambdal, rhomax /lambdad}. (0, Max(SelEALITESandl))}.
PlotStyle -> Blus, BasaStyle -> AbsoluteThickness[2], PlotMarkers -> None,
PlotLabel -3 "Erey Smooth Cylinder (TE Incident + Scattersd Field)®,

Fraze -> True, Pramelabel -» ("p/1%, "W/m'},

Graduines -» {[[p2/lambaa0, (Thack, Gray, Dashed) )}, Asamarac},
Backgzownd -» Whits, ImagaSize -3 700,

BaseStyle -> (FontSize - 14, FontWeight -> "Bold"}

Summary TE Plots

= sdr 3.
)

(EALlRegCyLTES, EALLRegCyiTESandI)). Spacings -> (Scaled(0], Scaled(d]}]:

Smooth Cylinder Plots - TM + TE Plots

Ez (TM+TE Scattered)
- - [ TES, PlotRange ->
{{zbomin/ Lambds0, rhomax/lsmbdat), (0, Max[SelEzzegeylMplusizs])).
PlotStyle -> Blus, BassStyle -> AbsoluteThickness[2], PlotMarkers -> Nane,
PlotLabsl -> "E, Smooth Cylinder (TM + TE Scattersd)”,
Frame -> True, FrameLabel -> {"e/i", "V/m"},
Griduines -» [[[52/lambdan, {Thick, Gray, Dashad) ]}, Automatsc),
Background -> Whits, ImageSize -> 700,
asestyls - (Fontgiza - 14, Fontweight

mora)

Ez (TM+TE Inc + Scattered)

. [ FiotRange -
{{zhomin / 1ambaa0, rhomas/lambdac), (3, Max|SelBrregcylTMpluaEsandi))).
Flotstyle -» Blul style -» AbsoluteThickness[Z], PlotMarkers -> None,
Plotlabal -> "L, Smooth Cylindar (T + TE Tnc and Scatterad),
Frame -> True, FrameLabel —> ("p/A", "W/m"},

Griduines > ([{02/lawbdad, (Thick, Gray, Dashed) )}, Automati]
Backszound -> White, InageSize -» T00,

BaseStyle -5 (FontSize -» 14, FontWeight > "Bold"]];

18 | PD Resaarcn Gaven_Baunstiy a_phvs_ n

Erho (TM+TE Scattered)

= 1t

= PlotRange ->
{{rhonin/lambdad, rhomax/lambda0}, {0, Max(SolErhoregeylTMplusTES])}.
PlotStyle - Blue, BaseStyla -> AbsoluteThicknass(2], Plotdackers -> Mons,
PlotLavel - E, Smooth Cylinder (TH + TE Scattered)”,

Frame -» True, Framelsbel -> {"p/3", “V/m},

Gridiines > {{{p2/lsmbda0, [Thick, Gray, Dashed}]], Auteomatic],
Background -: White, ImageSize - 700,

BaseStyle -» (PontSize -5 14, FentWeight -> "Bold"}]:

Erho (TM+TE Inc + Scattered)

o [ Plotkange ->
{{rnomin /Lambdan, rhomax/lambda0), (0, Max[SolErhoregeylTuplusTESanaz]) },
Plotstyle -» Blue, Basestyle -> AbsoluteThickness(2), PlotMarkers -> Noms
PlotLabel -> "E, Snooth Cylinder (TH + TE Inc and Scattered)”,

Frame -> True, Framelabel - {"p/A%, *V/m"},

Gridines -> {{{p2/lanbdad, (Thick, Gray, Dashed}], Automatic},
Background -> White, ImageSize -3 700,

Basestyle -> (FontSize -> 14, FontWeight -> "Bold"}|:

Ephi (TM+TE Scattered)

= Plothasgs >
{{zhomin / Lambda0, chomex /lambda0), {0, Max[Solphiregeylmiplustss])],
PlotStyle - Blue, BaseStyle -> AbsoluteThickness(2], PlotMarkess -> Mone,
Plotlabel - “E, Smooth Cylinder (TH + T8 Scattered)”,

Frame - Trus, Framelebel -3 {*A/X", “Vim),

Gridtines - [{{p2/ lamnd0, [hick, Gray, Dashed)]], Autematic),
Background > Whits, Imagesiza > 706,
BaseStyle -> {(FontSize -» 14, FentWeight -» ™

14"} ]2

PAD Research Garcle Boundery s plus b.ob | 18

Ephi (TM+TE Inc + Scattered)

EphiR [

Plothangs -
{{rhomin / 1ambda0, rhomax/1ambda0], [0, seax|solphireqoylmuplustesandt])],
Plotstyla - Blu styla -» AbsoluteThickness[2], PlotMarkers -> Nens,
Plotlabel -» "E, Smooth Cylinder (TH + TE Inc and Scattered)”,
Frame -> True, FrameLabsl —> ("p/A", "V/m"),

GridLines -> {{{o2/lembda, {Thick, Gray, Dashed) )}, Automatic
Background -> Wnite, Imagasize -> 700,

BaseStyle -» (FontSize -> 14, FontWeight —> "Bold")]:

EAIl (TMTE Scateered)

- AL [ 1

Plothange -» {[chomin/ lanbdad, thomas/lambdad), {9, Max|SolEALITMplustES))),
PlotStyle -> Blus, BassStyls -> AbsoluteThickness[2], PlotMarkers -> Hane,
Plotlahel -3 "My, Smooth Cylinder (T + TE Scattersd)’,

Fraoe -> True, Framelabel -»> {"o/A", "W/m"}),

Gridiines > {[{02lexbdad, {Thick, Gray. Dashed) |}, Automatic]
Backgzound -> White, Imagesize -> T00,

Basestyle -> (FontSize -» 14, Fontdeight - “Bold"}];

EAIl (TM+TE Inc + Scattered)

3 [ "

- [ Plotrangs >
{{rhomin/ lanbdad, rhomax/lambdaC}, {0, Max|SolEALITMplusTESandI]}}.
Plotstyle -> Blua, Basestyle -> AbsoluteThickness[2], PlotMarkers -> Nome,
Plotlabel -» "Easw Smooth Cylinder (TH + TE Inc and scattered)”,

Frame -> True, Framelabel -> ("p/A", "W/m'},

Gridiines > {{{02/lambda0, (Thick, Gray, Dashed)}}. Automatic]
Background -> Whita, ImageSize -> 700,
Bassstyle -» (FontSize -> 14, FontWeight

PRENE

Summary TM+TE Plots

[EAL1RegCyl TMplusTES, EALIReqCylTMplusTESand]],
Spacings -» (Scaled[0], Szalad[0])];

Bt Mk s S e
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Compare (Smooth vs Corrugated) Plots

TM Compare

w0 GraphicsGrid|[{show|EzRegCylTHS, EaCorrs, PlotRange ->
{{rhomin / 1acbda0, rhomex/lambda®}, {0, Max[SolEzregcylTHS, SolEzS])),

Basestyle -> (FontSize -> 14, FontWeight -> "Bold"),

Frame -> True, Framelabel > {"2/A", "Wm'},
PlotLabel -> 'E, TM Scattered Smeoth Cylinder (Blue)
vs Corrugsted Cylinder (Red, —-)"],
Show|ExRegCyl™Sandl, ExCorrSandl, PlotRange -» {[zhomin /lambdal,
zhomax / lambda0), (0, Max[SolfzregcylTMSandI, Solfz]}],
BaseStyle -> [FontSize -> 14, FontWeight -» "Bold’],
Frame -> True, FrameLabel —> {*p/A", "W/m"},
Plotiabal -» E, TM Inc + Scattered Smooth Cylinder
(Blus) va Corrugatad Cylinder (med, --)°]},
{show[Erhoreqcylms, ErheCorrs, PlotRange -> [{rhomin/lambda0, rhomax/lambdao},
(6, Wax[solErhoregoylThs, SelEznos])),
Basastyle - (FentSize —» 14, FontWeight —> "Bold"),
Frame -> True, Framelabel > (%/1', "W/a'},
PlotlLabel -» 'E, TM Scattsred Smeoth Cylinder (Blue)
va Coxrugated Cylinder (Red, --}"],
Show|ErhoReqCylTMSand], ErhoCorsSandl, PlotRange -» |[rhamin/lanbda0,
shomax / lanbda0], {0, Max[SolErhoregcylTMSsadl, Sclzhell}.
BasaStyle -» [FontSize -> 18, PontWeight -» "Bold"),
Frame -> True, Framelabel -> (“pfA', "W/m'},
Plotlabel -> 'E, TM Inc + Scattered Smooth Cylinder
(8lue) va Gorrugated Cylinder (Red, --)°]},
{Show[SphiRegCyITHS, EphiCorzS, PlotRange -> {{rhomin/lanbda®, rhomax lanbdac},
(0, Max|SolEphizageyl™™s, SalEpnis]}),
Basestyle —» (Fontsize > 14, Fontweight —> "Bold"),
Frame > True, Framelabel > [%0/A", "W/m'},
Plotlabel -> "E, TM Scattered Smeoth Cylinder (Blue)
vs Corrugated Cylinder (Red, --}"],
Show|EphiRegCylTMSandl, EphiCorsSandl, PlotRangs - |[rhomin/lambdad,
rhomax / Lambda0), (B, Max[SolfphiregeylTHSandI, Solfphi]}},
BasaStyle -» [FontSize -> 18, FontHeight -» "Bold"),
Frame -> True, Framelabel -» ("fA", "W/a'},
Plotlabel - 'Es TH Inc + Scattered Smooth Cylindar
(Blus) va Corzugated Cylinder (Red, --)*]},
{Show[2A11RagEyITHS, BAL1CorsS, PlotRangs -> {{rhomin / Lanbda0,
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rhomax /lambda0), {0, Max[SclEAILS, SclERLITMS]}].
BaseStyle -> {FontSire -> 14, FontMeight -> "Bold"},
Fram > True, Frameiabel -3 (*a/A%, V'),
Plotlabel > "Ere. TH Scattared Smooth Cylinder
(Blue) ve Corrugated Cylinder (Red. —-)°].
Show| EALLRagCyLTMSandl, EALICorrSandl, PlotRangs -> {{rhomin/lasbda0,
rhomax / lanbda0), (0, Max(SelEAlITHSandI, SolEAlisandI))},
BassStyle -> {FontSize -> 14, FontWeight -> "Beld"},
Prame -> Teue, Peamelabel -> {"8/A%, "Via'),
Plotlabel -> "Ezaa TH Tac + Scattersd Smooth Cylinder
(Blue) vs Corrugated Cylinder (Red, --1°]]
H:

TE Compare

- Graphicsorid] {{show[EzRegeyieEs, Excerss, Plothangs -
{{xhomin/ lanixdat, shomas/lambdaO}, (0, Max[SolRsregeylTEs, Solfss])),
BaseStyle = {FontSire -> 14, FontWeight -> "Bald"},
Frametabel -> ("p/A%, *Vim'),

E. TE Scattared Smosth Cylindsr (slua]
va Cerrugated Cylinder (Red, --)°|,
Show|EzReqCyITESandI, E2COFFSandl, PlotRangs -> {[{rhomin /lambda0,
rhomax [/ lambda0), {0, Max|SclEzregcylTESandI, SolEz]}},
BaseStyle -> {FontSize -> 14, FontWeight -> "Bold"},

FrameLabel -» {"p/A", *Vim'},
E. TE Ine + Scattered Smooth Cylinder
(Biue) ve Corrugated Cylinder (Red, --17]},
{Show [EchoRegCy1TES, ExhoCorsS, PlotRange -» |{rhomin lanbda0, rhomex/ lesbda0],
{0, Max[SclErhoregeylTES, SclErhos]}},
BazeStyle - {FentSize -» 14

FontWeight -5 "Bold"},
Frams -5 Tru

FramsLabel -3 {"pA%, V'),
Plociabel -

“E, T2 Seattered Smooth Cylinder (2lue)
va Cozrugated Cylinder (Red, --)°|,
Show|ErheRagCyLTESandI, ErhoCorrSandl, PlotRange -> {{rhomin/lasbda0,
rhonas / lambda0), {0, Max[SolRrhorsgoylTESandI, SolErha)}),
BaseStyle -> {FontSize -> 14, FontWeight -> "Beld"},
Prame -> Teue, Pramslabel > ("8/A", "Via'),
Plotlabel -> "E, TE Tnc + Scattered Smooth Cylindar
(Blus) va Corrugated Cylinder (Red, --)7]),
{Show [EphiRegCy1TES, EphiCossS, PlotRange -» {{rhomin/lanbdal, rhomax/lssbdab],
{0, Max(SolEphiregeylTES, SolEphis]}}
BaseStyle -> (FontSize -> 14, Fontheight -> “Bold"},

Frame -> T

FPrametabel -> ("a/A", "Via'},
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Plotlabal - 'Es TE Scattsrsd Smocth Cylinder (Blus)
va Corrugated Cylinder (Red, --}"].
shou[EphiReqeylTasand, EphiCorrsandl, PlotRange -> | [rhomin/lanbdad,
rhomax / lambdad}, {0, Max[SolEphiregcylTESandI, SclBphi]}}.
Basestyle > (FontSize —> 14, FontWeight —> "Bold"}),
Frame -> Trus, Framelabal > (%/1", "W/m'},
Plotlabel - 'E, T Inc + Scattared Smocth Cylinder
(Blue) ve Corrugated Cylinder (Red, --)"]},
{Show [EA IRegCyITES, EAlICorrs, PlotRangs -> {{rhomin / lanbda0,
rhomax / lambdad}, {0, Max[SolEAILTES, SolEAL1S]]},
BaseStyle -> (FontSize -> 14, FontWeight -> "Bold‘),
Frame > Trus, FrameLabel -» {%p/i", "W/m"
PlotlLabel -» "Bces TE Scattarsd Smocth Cylindar
(Blue) va Corrugated Cylinder (Red, --)"],
Shou[EA1RegeylTESandl, BAllGorrsandl, PlotRangs - | [rhomin / lanbdad,
rhomax / ambdad], (0, Max[SolEAllTESandr, SolEallsandr])],
Basestyla -> (FontSiza -> 14, FontWeight -> "Bold’],
Frame -> True, FrameLabel —> (*p/A", "W/m"},
Plotlabel -> "Exmy, TE Inc + Scattered Swooth Cylinder
(Blue) ve Corrugated Cylinder (Red, --)']}
H:

TM+TE Compare

GraphiceGrid|
{{Show[R1RagCy1 THp1uaTES, BrCorrs, PlotRange -> {{rhomin/lambds0, rhomaz/
lasbaav), (0, Max(SelissegeylDiplusTss, Soltasl)].
Basestyle > (FontSize -> 14, FontHeight -> "Bold"], Frame -» Trus,
Framslabal -> {"p/A", "VW/m"), PlotLabel -> "E, TM+TE Scattersd Smooth
Cylinder (Blue) vs Corrugated Cylinder (Red, --)"].

Plothange -5 {[rhomin,/ lasbdan,
rhomax / 1ambdad], (B, Max[SolErregeylovplusTEsandl, Solkx])],
astyle -> (FontSiza -> 14, FontWeight -» "Bold"),
Frame -> True, FrameLabel —> ("p/A", "Wim"},
Plotlabel -> "E. TMiTE Ing + Scattersd Smecth Cylinder
(Blue) ve Corrugated Cylinder (Red, --)"]},
{Show[ErhoReqCylTHp1usTES, EchoCorrS, PlstRange -» | [rhomin/lambdad,
rhomax / ambdad), {0, Max[SolErhoregeylTHplusTES, SolErhos]}],
BaseStyle -> [FontSize -> 11, FontWeight -> "Bold"],
Frame -> Trus, Framelabel —> {"2/A", "Wa'},
Plotlabel -> 'E, TH.TE Scattersd Smooth Cylinder
(8lus) vs Corragated Cylinder (Red, --)'],

PlotRange -> {{rhomin,/ Lanbdad
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rhovax / 1anbda0}, {0, Max[SolZrhoregcylTHplusTESandT, SelErhol}},
Basestyla -> {(Fentsize -» 14, Fontweight -> “Beld'}.
Prane

True, Framelabel -> {"e/A%, "Vfa'),
Plotiabel -» "E, THIE Inc + Scattezed Smooth Cylinder
(Blus] v Corrugated Cylinder (Rad, --)7]},
{Show[EphiRegCylmmplustes, EphiCorss, PlotRange -: {[rhomin/lambdad,
rhomax / 1anbda0}, {0, Max[SolEphiregeylTHplusTes, Solfphis]}),
Basestyle > (Fontsise -> 14, Fontweight -> "Beld"},
Framelabel o> {"p/A%, "V/m'),
. TM/TE Scattorsd smaoth Cylinder
(Blue) va Corrugated Cylinder (Red, --)7],
Show|Eph: PlotRange > [[rhomin/ lanbdat,
homax [ lanbda0), {0, Max|SolZphiregeylTiplusTESandT, SolEphi]}},
BaseStyle -> {FontSize -3 14, FontWeight -> "Bold"},

Frame -> Trus, Framelsbel -> {"p/i", "Via'},
PlotLabel -

E, DMTE Inc » Scattered Smooth Cylinder
(Biue) va Corrugated Cylinder (Red, --}°|]
{Show[EALIRegCy1TES, EALLCorsS, PlotRange -> |{rhomin/lambdal,
snomas / Lambda0], (0, Ma[SelEALLS, SolEALlTMplusTES))),
BaseStyle > (FomtSize -» 14, FomtMeight -> "Eold},
Prame -5 Trus, Framsiabal - ("A/A%, "Vrm'),
Plotlabel - "Ezeus THSTE Seattered Smooth Cylinder
(Blue) vs Corrugated Cylinder (Red, --}7],
Plotrange -» [{rhomin /lanbda0,
rhomax /lambda0}, {0, Max[SolEA11TMplusTESandI, SolEA11SandI]}},
Bassstyle > {FontSize -3 14, FontWeight -> "Bold"},
Frame -> True, Framelabel -> {"s/i%, "V/a'},

PlotLabel -> "Ews TMTE Ine + Scattered Smooth
Cylinder {Blus) vs Corrugated Cylinder (Red, --)*]}
H:
TM, TE. TM+TE Compare

M 17

= ExCores, PlotRange >
{{shomin/ lanbdap, rhomax/lasbdad], (0, Max[SolkzregeylTMs, SolExs])],
BaseStyls -> (FontSire > 14, FontWaight -> "Bold"},
Frametabel > (“p/A%, “vim'},
E. ™ Scattered Smasth Cylindar (Blus]
va Corrugsted Cyltndar (Red, --)*],
“E: TE Doms Mot Exist®,
Shou[EaRegoylTHELusTES, EaCorTs, PlotRangs -> | (rhomin/ lambdao.

rhonax /lambda0}, {0, Max[SolEzregcylTtplusTES, SolEzS)},
BassStyls -> {FontSize -> 14, FontWeight -> "Beld"},
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Frame -> True, Framelabel -> {"p/A", "W/n'},
Plotlabel -> 'E, TMIIE Scattersd Smooth Cylinder
(Blue) ve Corrugated Cylinder (Red, --)']},

{Show|ExRegCylTHSand], ExCorrSandl, PlotRange ->
{{rhemin / lambda0, rhomax/lssbda0}, (0, Max[SclEzregeyliMSandl, SalEzl)],
BasaStyle -» [FontSize -> 14, FontWeight -> "Bold"),
Frame -> True, FrameLabel > (*p/A, "W/m"
PlotLabel -» "E, TM Inc + Scattered Smooth Cylinder
(@150 va Corrugated Gylinder (Red, --)7],
“B: TE Does Wot Exist”,
Show[EeRegCyITHp1usTESANAT,
ExCoreSandl, PlotRange -> { {rhomin/lambdal, rhomax/lambda0},
(0, Max|SolEsregeyl MplusTESandl, Solkz]))
BaseStyle -> [FontSize -> 14, FontWeight -> "Bold’],

Frame -> True, Frasslabel -> ("/A", "W/n'},
Plotlabel -3 'E. TMITE Ine + Scattered Smosth Cylinder
(Blue) vs Corrugsted Cylinder (Red, =-)']},

{Shou[ErhoReqCylTHS, ErhoCorss, FlotRange -»
{{eheman / 1ambaa0, rhomax/ lambdao), (0, Max[SolErhorageylTs, SalErhosil).

BaseStyle -» [FontSize -> 14, FontWeight —> "Bold"),

my,

PlotLabel -> ", TM Scattered Smooth Cylinder (slue)
vs Corrugatad Cylinder (Red, --)"],

Show[ErhoregCylTES, ErhoCorrs, PlotRange -> {{rhomin /lambdad,
rhomax / lambdad}, {0, Max[SolErhoregeylTES, SolfrhoS}}.

Basastyle -» [FontSize -> 14, FontWeight -» "Bold"),

Frame -> True, FrameLabel -» {%p/i", "W/m"

Frame -> True, Framelabel -> ("p/i",

Plotlabal -» 'E, TE Scattarsd Smooth Cylindar (Blus)
wve Corrugated Cylinder (Red, —-}°].
Show|ErhoRegCy T lusTES, ErhoCorsS, PlotRange -» |{rhomin/ lambds0,
homax /1ambds0], (0, Max(SolErnoregeylTuplusTES, SolEsnos])),
BasaStyle -> [FontSize -> 1, FontWeight -> "Bold"),
Frame > Trus, Framelabel > (%0fA
PlotLabel > "E, TM:TE Scattered Smooth Cylinder
(Blue) va Corrugated Cylinder (Red, —-)']},

{Show[ErhoRegCylmMSandt, ErhoCorsSandi, PlotRangs -> | chomin/ lanbdad,
rhomax / lambdad), {0, Max(SolErhoregeylTSandI. SelRrho])}.

Basastyle -> (FontSize -> 14, FontHaight -> "Bold"],

Frame -» Trus, Pramslabel -> ("9/A", "W/m'

Blotlabel -» 'E, TM Inc + Scattered Smooth Cylinder
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(Blus) vs Corrugsted Cylinder (Red, --)°],

Show|ErhoRegCyl TESandl, ErhoCorsSandi, PlotRange - |[rhomin/ lambdan,
rhouax / lanbda0], (0, Max(SclErhoregeylTESandi, Solszhe]}},

BaseStyle -> {FontSize -> 14, FontMeight -> "Bold"},

Frame -> True, Framelabel -» ("0fA%, “Vim'),

Plotlabel -> "E, TE Ine + Scattered Smooth Cylinder (Blus) ve Corrugated
Cyiindes (Red, —-)%], Show|ErhoRegcylTHplusTESandI,

ErhoCorrSandl, PlotRange -> {{rhonin/lanbdald, rhomax/lambdaC},
{0, Max(SolErhoregcylTHplusTESandI, SolErho}}}.

BaseStyle -> (FontSize -> 14, FontWeight -> "Bold"},

Frame -> True, FrameLabel -> ("B/A", “Va'),
Plotisbel - "E, THTE Inc + Scattered Smooth Cylinder
(Blus) vs Corrugated Cylinder (Red, --)°]}

{show[EphiRegcylmis, Ephicorrs, PlotRange -»
{{xhomin/ Lambdat, rhomax/lambda0}, (0, Max[SoliphiregeylTes, Solephis]}],

Basastyls -> (Fontsiza -> 14, Fomtwaight -> "Bold},

Framstabel -» (A%, “Vim'},

E, ™ Seattered Smaoth Cylinder (Blue)
va Corrugated Cylinder (Red, 2

Shou[EphiRegCylTES, EphiCoreS, PlotRange -» |{rhemin/lasbda0
homax [ lasbda0), {0, Max[SclEphiregcylTES, Solfphis])},

BaseStyle -> {FontSize -> 1d, FontWeight -> "Bold"},

Frams -» Trus, Framslabel - {"mfA", "Via'],
Plotlabel -> "Ey T2 Scattered Smooth Cylinder (Elue)
va Cozrugsted Cylinder (Red, --)%],
Shou[EphiRegCylTHpLusTES, EphiCorss, PlotRange - { [rhomin /lambdan,
rhomax / lanbda0), {0, Max[SolEphiregeylmuplusTes, SolEphis])),
BaseStyla -> (FontSize -> 14, FontMeight -> "Bold"},
Prams -> Trus, Pramsiabel - ("A/A%, "vim'},
Plotlabel > "Es THTE Scattored Smooth Cylinder
(Blue) va Corrugated Cylinder (Red, —-)7]},

{Show EphiReqCy1TMSand], EphiCorsSandl, PlotRange -> {[rhomin/ lambds0,

homax [ lasbda0), {0, Max|SclEphiregeylTMSandI, Solfphi]}),

BassStyle -> {FontSize -3 14, FontWeight -> "Bold"},

Frame -> Trua, Frameiabel -> (“p/i%, "Vim'},

Plotlabel -> "Es T Inc + Scattered Smosth Cylinder
(Blue) vs Corzugated Cylinder (Red, --)°],

Show| Ephi RegCy L TESand!, EphiCorsSandl, PlotRangs - [rhomin/ lambdad,
rhomax [ lambda0], (0, Max[SolEphiregeylTESandi, SolEphil}},

Basastyla -> (Fontsize -> 14, FomtWaight -> "Bold"},

Frame -» True, Framelabel -» ("0fA%, “Vim'),
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Plotlabel -» "B T2 Inc + Scattered Smooth Cylindsr (Blue) vs Corrugated
Cylinder (Red, --}"], Show[EphifegCy]THp lusTESand],

Ephicorrsandi, Plothangs -» [[rhomin/lambdad, rhomax,/lambda0),
(D, Max|SolEphirageyl ™MpluaTRSandT, Solfphi] )},

Basestyle > (FontSize —> 14, FontWeight -> "Bold"},

Frame -> Trus, FrameLabel -> ("p/A", "W/m"

Plotlabel -» "Eo TMsTE Inc + Seattered Smocth Cylinder
(Blue) ve Corrugated Cylinder (Red, --)"]},

{Show|EAl1RagCyITMS, EAllCorsS, BlotRange ->
{{zhemin / Lambeia0, rhomax/lambdad], {0, Max[SclEALLS, SolEAILTMS])},
BaseStyle -> (FontSize -> 14, FontWeight - "Bold’],
Frams -» Trus, Pramslabal > (%30, W/m'l,
Plotlabel > 'Eruu TH Scattered Smooth Cylinder
(Blue) va Corrugated Cylinder (med, --)'],
Show|EAllReqCylTES, EAllCarzs, PlotRange -> ({rhomin/ lambdad,
rhomax / Lambda0), (0, Max[SolEALLS, SolmallTEs]}},
Basestyle > (FontSize -> 14, FontWweight —> "Bold"},
Frame > True, Framelabel > (%FA", "W/m'},
Plotlabel -+ 'Erew TE Scattered Smecth Cylinder
(Blue) ve Corragated Cylinder (Red, --)"],
Show|EALlReqCy1THp1usTES, EAllCorsS, PlotRangs -»
{{rhomin / labdad, rhomax/lasbdab], {0, Max[SolEALLS, SolEAllTHplusTES]}}.
Basestyles -» (FontSize -> 14, FontWeight - 'Bold’),
Frame -> True, Pramelabel -» (%pfi', "W/m'},
PlotLabsl -> 'Erea. TM+TE Scattersd Smooth Cylindar
(Blue) va Corragated Cylinder (sed, --)']},

{Show[EA11RagCylTHSand!, EAllCorrSand!, PlotRangs -> {{rhomin/1lambda0,
#homau / lambda0), (0, Max[SclEALlTMSandr, SslEAllsandr) ),
BaseStyle -> (FontSize -> 14, FontWeight -> "Bold"),
Frame > True, Framelabel > (%03
PlotLabel -> "Ercea: TM Inc + Scattered Smooth Cylinder
(Blue) ve Corrugated Cylinder (Red, --)'],
‘Show|EAL1RegCy 1 THplus TESandl, EAllCorsSandl, BlotRange -> {{rhomin/lambdad,
rhomax / lambda0], {0, Max[SclEALLTMplusTESandl, SclEAllSandl]}}.
BaseStyle -> (FontSize -> 14, ¥ontWaight -> "Bold"),

Frame -> Trus, Pramelabel - (%0/A", "Wa'},
Plotlabel -> "Exeai THTE Inc + Scattered Smooth
Cylindar (Blve) va Corrugated Cylinder (fed, -)"].
1

show[Eal

I #lotrange -> {({rhomin /lambdad,
rhomax / lambda0), {0, Max[SolEALLTMpluSTESandI, SclEAllsandi]}},
Basestyle > (FontSize —> 14, FontWeight —> "Bold"),
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Frame -> True, Framelabel -> {"s/A", *Vim'},
Plotlabel -> "Erst TMSTE Inc + Scattered Smooth
Cylinder (Blus} vs Corrugated Cylindes (Red,

1

s Expost( 5

+ Speak["The rho plots are done”]

Import Data [Changing Phi Data]

Boundary "2’ Data

dataa = Isport ( "phi_outa.m"

o me dataa[[1]];
b= dataa[[2]];

P2« dataal[3]];

Pl = dataa((4]]
- ExtempSa « dataa[[5)];
. Bztempla - dataa[[6]];

ErhotempSa = dat:

(Ui
s~ Brhotempla = dataa[ [8]];
- EphitempSa = dataa([9]] ;
w . Ephitempla = dataa[[10]];

EaregoylTESs = dataa[[11]];

ErrageylTuSs - datas[[12]

s EzregeylTEla = dataa[[13]];

s BrregeylTMIa

dntaa[[14]];

ErhoregeylTESa = dataal [15]]:

Erhoregoylmesa = dataal [16]];
ErhoregeylTETa = dataal [17]];

.. BrhorageylTMis . datas[[18]];

EphiregeylTEsa = dataa( [19]];

s EphizegeylTMSa « dataa[[20]];

Bt Mk s S e
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w2 DphiregeylTETa = dataa[[21]];

wii- EphireqeylTHIa = dataa([22] ]

Phirange - dataa] [23]];
ey p = dataaf (24] ]
we- lambdal « datas[[28]];
wei- @4 = dataa[[26]];

wen- phidelts - datas[[27]];

Boundary ‘b’ Data

dateb = Inport["phi_outb.ox"

5o a=datab{[1]];

b = datab( (2]

2= datab((3]);
el pl= datab[[4]];
wee. Batempsh = datab{ (5115
EatempIb = datab{[§]]:

Erhotempsh = datab[[7]

w654~ EEhotempIb = datab([8]];

wvs- Ephitempsb = databl[5]

wer- Tphitemplb = databl[10];
wi- BaregeylTESh - dstan|[11]];

wemd - Baregeylmisb =

atab[ [12]];
\v - BaregeylTETh « datab[[13]];

w0 BaregeylTMIb = databl (14)];

ErhorsgeylTESh - datab([15]1;

w0 ExhorageylTMSh = datab([16]];

- EzhoregeylTEIb = datab([17]];

wovs - ErhoregeylTMIb = datab([18]];

EphizegoylTESh = datab([19] ];

-7~ EphiregeylTHSD = datab([20] ]

EphizeqeylTEIL = datab([21]1;
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EphizegeylTHIb - datab([22]]; Equations [Changing Phi Data]
Comparison Paper - A. Freni sci- (+Combining of Boundar 'a’ and Boundar ‘b’ fieldse)
Extemps « ExtempSa - Extempsh;

= Iaport( "
PlotRange - Zztemp! - Extempla;
{40, P4}, (uin (a1, 2113, (AL 21711, Exhotesps = ErhotenpSa + Erhotempsh;
Plotstyla -> (Green, Dotted, Thickness(.01]}, Erhotempl - Erhotespla;
Basestyle -» AbsoluteThickness(2], PlotMackers —: Nene, Zphitenps = Ephicenpsa s Ephitempsb;
PlotLabel -» "oy /AD (4B) Corrugated Cylinder (RCS dBsa)", Ephitemp? = EphitempTa;

Frame -> Trus, Framslabel -> ("¢", "o/A0 (dB)"),

Gridlines -» (({P%, (Thick, Gray, Dashed}}), Automatic), Background -> White, o LT
Imagesize -» 100, BaseStyle -» {Fomtsize -» 14, Foncweight -> "Bold<)]; eedaTLERL S BroesniTNIa)
BaregeylTI = EeregoylTula;
- tmpore] v ErhoregeylTES = ErhoregoylTESa + ExhoregeylTESD;
= ListLine®l FlotRange -» ErhoregeylThS = EchoregeylTMSa + Exhoregey1THSh;
140, Pa}, @ax, 2111, a1, 2111,

ErhozsgeylTEL - ErhoregeydTEL

PlotStyle -> (Blue, Thickness[.005]),
Basestyls —> Absolutathicknsss[2], Plotkarkera -3 None,

Plotlabel —> "o,./AD (dB) Corrugated Cylinder (RCS dBam)"

Frame -> True, FrameLabel —> ("¢", "0,/A0 (dB)"),

Gridlines -> {{{Pi, {Thick, Gray, Dashed}}), Automstic), Background -> White,
Inagesize —> 700, BaseStyle -» [FontSize —» 14, FontWeight -> "Bold™)];

ErhoregeylTMI « ErharegeylTHI

=phiregoylTET - EphiragoylTEIa;
EphiregeylTMT = Bphiragey)TIa;

(+additional changing phi plot equationas)
5 +

EzragrylTESandl « ExrageylTED + EzzegoylTES:

Sxtemp - Hrtemp! + Extemps;
Zrhotemp = Erhotempr + Exhotenps:
Zphitemp = EphitempT + Ephitemps;

Changing Phi Plot Calculations

Solution for Plots - Corrugated Cylinder

(+Incident + Scattered Solutions)

SclEz « N[Abs[Eztesp]]:
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dataE:z = Transpose|(phirange, SclEz}]:
(+RCS Selution - in dB+)
SelEphi = N[Abs[Ephitenp]]:

dataBphi = Transposs((phicangs, SolEphill;

{phizange, 10+ Logl0[RCSSelEs] }];
Transpose((phirangs, 10+ LogLO[RCSSolEshe])];
nsposa[{phirangs, 10+ Logl0 [RCSSclEphil}];
poss| (phirangs, 104 LoglO[RCSSs1EALL])];

Solecho = N[Abs(Erhotemp] | ResdataEAllde - Tra
datakrho = Transpose[(phirange, SolErho}];

|- (+RCS Salutions)
RESSolz = (44%is (p°2)) o ([ (AbalExtemps]) 2) / {(Aba[Eztempr]) ~2));
RCSdataEz « Transpose|(phirangs, ACSSelEx)];

SolEAL1Sands -

[((Erhotemp) & - (Ephitemp) s Bin[phirange]) "2+
{{Erhotemp) « + (Bphitemp) « ) "2+ (Eatemp) 21117
dataBAllsandT = Transpose|(phizange, SolEAllsandr});

scassinne = (44744 (72)) & ([ (ADa[Erhotesgs)) 2] / [ (abs (senoremex]) °2)) ;
RCSdataErho = Transpose[ {phizange, RCSSolEzho}];

(+Scattered Only Solutions)

. i - RCSSolEphi = (44 Pie (02)) o [ (Aba[Ephitemps)) 2} /  (Abs[EphitespT]) 2} :
e, BCSdataEphi = Transposel (phizange, RCSSolEphi);

dataBss = Transpose| (phirange, SolEaS)]:

e, i RCSSO1EAILS = Sqrt[ . : ye2e
e s L (R eeell] (Eshotemps + Sin[phizangs] + Ephatenps « Cos[phirangs]) °2 + (Eztenps) 2| ;
databphis « Transposal (phirangs, SelEphis)]; T P T e =

[
AC8801EALL =

e +Cos(phiranga]) "2+ (Extampd) °2);
Pie(on2)) o (¢ 1sp) ~2) /| 111y ~2))5
ACSdataEALL - Transpose|(FhiTangs, ACSSGLEALL}];

S01Ezhos = W[Aba (Erhotemps]]i
dataFrhos = Transpose| (phirange, SelEzhos)]:

SolEAlls = (Erhotemps « - Ephitamps « s paae

(RCS Solution - in dse)
)*2+ (Eztemps) *2]1] ;

ACSdatakedn = Transposel (phizangs, 104 Logl0[RCSalEe] ) ];

RCSdataErhodB = Transpose|{phizange, 10+ Logl0[RCSSelExho] )]
= Transpose|(phizange, 10+ Logl0(RCSSelEphi]}]:
RCSdataEA11dB = Transposel{phirange, 10+ LoglO[RCSSolEAL1])];

dataEAllS = Transpose[{phirange, SolEALLS)]:

(+BCS Solutions)
RESSo1Ez + (4+Pis (572)) « ({(Abs[Zztanps]) 2) / | (Abs[RstempI]) ) };

ACSdataks « Tramsposs| (phirange, RCSSolEZ)]: SR

(s Convert to spherical =)
SclEzSspharical = Erhotemps s Sin[9i] + ExtempS  Con [04];

ResgolEche « (44Pis (072)] « ([(Abs[Erhotenps]) *2] / ({Abs (ExhotempT]} *2))
AEScatemrho s Frenspces| (poicangs, ACEGQLRThOlTE SolErlspharical = Erhotempl« 8in[8i] » Rxtespl »Cos [8i];
RessolERns = (44744 (0°2)) + ({ (Aba[Bphitesps)) 2] / ((Ana (Epnatempt) *2) )

SolEthotaSspherical = Erhotemps « Cos[6i] - Extemps Sin[84];
RCSdataBphi = Tranapose[(phirange, RCSSolEphi}]; £ e ! -

SolEthetaTspherical = Erhotempl+ Cos(9i] - Eztempls Sin(84];

= sqeel o - Ephitemps + )aze
(Erhotemps « Sin{phirange] + Ephitenps « Cos [phirange]) “2+ (EztenpS) “2];
BCSSOLEALLT = Sqet.( (ErhotempI s Cos(phirange] - Ephitenpl + Sin[phirange]) *2 +
(Echotempl + Sin{phirange] + Ephitecpl « Cox [phizange]} “2+ (Extespl) “2];

SolEphiSspherical = Ephitesps;
SolEphiTopherical = Ephitempl;
(+ Convert to Co-Polar and Cross-Polar «)

BCSSOLEALL = (4+Pis [5°2)) + [ (Abs[RSSa1ERLLS] ) ~2) / [ (Abs[RCSSOLERILT]) ~2]) £ AR . TR .
BCSdataBALL+ Transpose (phizange, RCSSGIELL}];
[ [ ——————
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Eecpslacl = 8o icale Cos[phirangs] - SolEphilsph 1esi

Ecrossopolars =

N 14 sin(phi ]+

SolEphiTapherical « Cos[phirange] |

{+ Convert to RCS and RCS db - Co-Polar and Cross-Folar )

RGSa8 = {2+ B4 4] )2
{sCo-Polar according to A. Freni, 1996,

Scattering from a dielectric cylinder axislly leaded

with periodic metallic ringss)
RCSa®e « {2 Piva) 172;
{1Cross-Folar according to A, Frani, 1996,

Scattaring from a dislectric cylinder axially loaded

with periodic metallic ringss)

ReSaoadn - Transposs| [phirangs, 104 Logl0[Resoes / Lambda]}]
RCSadeds = Tranaposa| (phirange, 10 « Legio [Resose /Lambdat]}]

= (2+Pieg)s /BeopolarT] "2
PNETEIN

RESCopolar? = {2433 +5) « Abs [EcopolazS / RESSOLEALLT] ~2;
ROSSeLEALLI] 27

- (2epirg)s

. [{shizangs, 10+ / 1azbda] ||

- It . 104 togio[; J1ambdan]}];

ReSCopolards? = Transposa| {phizange, 10+ Log10[RCSCopolar / lanbdat] ] ;
{ Lamsana] }];

- [ L 104
Solution for Plets - Regular “Smooth™ Cylinder

TM Mode Solutions

{+Incident + Scattered Soluticme)

. ]
dataBrhoregeylTMSandl = Transpose[ (phirange, SolErhoregeylTMSandl)];

30 | PO Resaarcn Goven_Baundty a_phvs_ 5 np

SolZphi 5 i I
. . 8 1
SolEALLTMS =
¥ [aba(sqre( - Ephi i "2+
« sin[ph ) phirange]) "2+

(Ezregeylmes) “2111:
dataEALLTHS = Transpose|{phirange, SolEALITHS}]:

(Scattered Galy Solutione)
SolBzregeylTHs = N[Abs(EzregeylTHS]]:
[{phirange, '

- e

SolErhoregeylTHS = N[Abs[ErhoregcylTds]);
datarhorageylTHs = Tranapsse| (phirangs, SolErhorageylmis) ]

SolEphiregeylTHs = W[Aba|EphirageylTas] |
£ phirange, 1

SolEALLTMSandI= N[Rbs[Sqrt[
:F H a )~ )oze
( +5i .t
(EzregeylTMSandT) “2]]7;
dataEALLTMSandI = Transposs[(phirangs, SclEALITMSandI)];

(+8CS Solutions)
AC3501Ezragey T -

(427iv(0°2)) » (((Abs[eregaylTms)) “2) / ( (Aba[Ezregeylmmz]) “2));
RC3dataFzregeylT™ = Transposel (phirange, RCSSolEzregeylThy]:

RCSE01ErhoregeylT™ =
(44784 (0°2)) « {((@BBD yea) £ y-2)):
RCSdataErhoregcylTM = Transpose(({phirange, RCSSolErhoregoylTM}];

RE3801EphizegoylTd =
(42254 (n°2)) « {((abar o2/ n-2)):
RCSdstabphiregoyl™ » Transposel (phirange, RCSSolEphiregcylTH)];

RC8501EregoylTHALLS «
sart( [ph n-2e
s . pr2e

(Reragoyimis) ~2) ;
RCSSolEregeylTMALLL = Sqre(
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“ > . )rze
. + . yrae
(Ezzageylmar) ~2];

4epis (p72)) 5
187y ~2) / 1117 ~2) )

ACSdataErageylTMALL - Transpose((phirangs, RCSSolEregeylMMALL});

{+Res Solution - in dse)

RCSdataEzreqeylTHdS - Transposel (phirange, 10+ Logl0[RESSolEzregeyl™]});
RCSdataErhoregeylTMs = Transposa((Phirangs, 10+ LoglO[RGSSol@rhoregeydmH] )]
RCSdataEphiregcylTHIs = Transposel(phizange, 10+ Logl0[RCSSolfphiregeydTH] )]
RCSdataEregeylTHALLB = Transpose| (phirange, 10+ Logl[RCSSolExegeylmall]}];

TE Mode Solutions

- {+Incident + Scattered Solutiome)

pose | (phirange, nd1})

1TESandI = N[Abs[ 10
dataBrhoregeylTESandl « Transpose| [phirsnge, SclErhoregeylTESsndl)];

- 1
datakphiregeylTESandl « Transpose[ {phirange, SclEphiregeylTESandl)];

So1EALITESandl = N[Abs[Sqrt[

« - az) » yoae
i . . v 2+
(EzregeylTESandI) ~2]1]:

datsEAlITESandI = Transpose| {phirange, SolEALLTESandl)].

(+Seattered Only Selutions)

SolEzregeylTES = N[Abs|ExzeqeylTES]|:

databrregeylTES = Transpose|(phirange, SalEzregeylTES)]:

SolEsnoragrylTES - N[Abs [ErhorageylTss]|;

datasrhoregeylTES = Transpose| (phirange, SolErhoregeylTEs));

SolEphiregeylTES = N[Abs [EphirageylTES]);

dataEphiregcylTES = Transpose| (phirange, SolEphiregcylTES)];

SolEALITES =

( - 2+

Bt Mk s S e
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. phirange]) "2+
(EzregeyiTES) 2]]]:
AstaEALLTES = Transpose|{phizange, SolEALLTES}];

TR
(BT Eremger e « 0H;4)
(amSaieinsatgsyiea soamisi
RCSSolErhorageylTE =

(475« (0°2)) = (1201 12}/ yea))s
ACSiasaBehazegeyATE « Franaposel(FRisings, RC3GelETheregEyITE) 1}

RCSS01EphAreqoyITE =
[4ePia (0°2)) » {((Abar ) %2} / {(Abs [Ephiregeyl7en)) 1) )
BCSdataEphizegeylTE = Transpose((phirange, RCSSclEphiregeylTE)]:

RCSSo1EregeylTEALLS =
sart (pn n-2+
( 5 . a2
(zregeyiTes) ~2];
ACSS01Ereqeyl TEALLT = Sqrt
. - )2
( . N . peas

(RrregeyiTeD) “2;
RC3SolEreguylTEALL = (44 7in (0%2))
1813 2) / ( 111) *2))

RCSdataEregeyITEALL = Transpose[ (phirange, RCSSolEregeylTEALL)];:

(+RCS Solution - in dBs)
(phirange, 10+ Logl0[ ACSSolErhoregeylTa] )];

(phirange, 10+ Loglo[ACsSSalephiregeylTe])];
RCSdataErageylTEALLGE = Transposs|{phirangs, 10+ Logl0[RCSSelEregeylTEALL])];

TM + TE Mode Solutions

(sIncident + Scattered Sclutions)

TESANAI - . 117

datazzregeylmuplusTESands = Transpose| (phizange, SelErregoylmMplusTESandi];

r 1:

dataErhoragey 1 THpLusTESand = Tranapose [ (Phirange, SolSrhoregeylThplusTESandt));

SoiZphi = N[Abs[Ephi +

dataFphiregey THplusTESandl = Transpose| (phizange, SelEphiregeylTHplusTESandI)]:

LT ——
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. i )
S01EALITMplusTESands « 24 (BzrageylTES. Exregeylmhs) 2],

I «Coly

11= sqrel( . » -
gt - B yrze
((ErhorageylTEsandI + ErhoregeylTMSandI) + Sin[phirang « 3. +
+ephs + con (phs « Ephiregey1TuI) ys
(RaregoylTESand + ExregoyiusandD) *2])) ; 24 (RaregoyLTED s Beregeylau) ~21;
dataEAl1THplusTESandI = Traneposel (phirange, SelEAllTMplusTESandI)]; RCSS01EreqoylTHplusTERLL = (44 Pd [072)) »
ye2)/ ( A1) ~2) s
(Scattered onty Solutions) BC5dataEregoy THPLUsTERLY = Transposel{Phizange, RSSolfregeylTMplusTEALL)]
« wiass
dataEsreqeylTHpLusTES « Transpose[[phirenge, Sol¥sregeylTHplusTES}]; (+ReS Solution - in dbe)
RCSdstarerasey) i LuaTnan
- i phirange, 10 13K
dataErhoregcyl TMplusTES = Transpose [ (phirangs, SolErhoreqeylTHpluaTes]] RCsdataErharagcyl TMPLUSTEAS =
phirange, 10 E
o ph 11: RCSdataEphirageyl TMLUSTEAS =
dataEphiregcylTMplusTES = Transpose((phirange, SolEphireqgeylT™plusTES]]; phirange, 10« i E
RGSdataEregey I THPLUSTERLIAE =
- o f 3 Shicange, 10¢ 1Erageyl MpLusTEALY] )] ;
(BphiregeylTHS + EphiregeylTHS) « Sin(phirange]) "2
i *8i + (EphiregoylTES +
A s )oze 2 Changing Phi Polar Plots
it B phicangs, SolEnl i
(ehes Setemions) Table of Parameters
ReSSolErregeylTHplusTE - (424 (072))
y+2) / ((abs 1+2)):

RCSdataFsregeylTMplusTE = Transposal (phirange, RCSSolEzrageylTHplusTE}]:

RCSSolErhoregeylTplusTE =
(44P4 (0°2))  ({ {AbS (ErhorsgoyiTES + ErhoragoylHs]) “2) /
((Abs [Exhoregey TET - ExhoregeylTHI] ) “2) ) ;

LusTE)] ;

RESS1EpRi regey L THpLusTE +
(4®12(p°2)) » ([ {Abs [EphizeqoylTes + Ephirageylmus]) 2) /
((Abs [Bphiregey)TEIL » EphizegoylTHI]) °2) ) ;
RCSdataEphiregeylTMplusTE » Transpose|(phirange, RC3SolEphiregoyliMplusTE)];

RessolkregeylTMplusTEALLS = SqrE[

. - EphirageylTHs) +
i 1)~24 . .
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i tablavalu

= ({u[E0) "vrmr, =an, nov, wan, wo
n[A®) "arm, L %%, (20", 1o,
[1ambda0 *m, ¢ <, =2n), [a/ Lamban0 "2,
{5/ ramnaa0 *a, u, nm, no), {pd/ dambdag nan, wn, sov, won, e
{22 /1ambdan "a», - + K[ (phirange([1]]) « (180/pi)] "Deg",
u[ (phirange| [Length(phirange]]]) « (180/P) ] "Deg",

N[ (phidelta) » (180 /Pi) | "Deg". Lengthlphirsnge]}, {0/ lanbda0 "a" ,

Plot Erho ( Scattered)

s},

Brhocores « L Jnined -+ Trus, - Autemat

4 FPolarticks + (“Degrees’, Automatic], Plotstyle -» (Red, Dashed),

Basastyls -> AbssluteThickness(2], PlotMarkers -> Noma
PlotLabel -> "E, Corrugated Cylinder (Scattered Field)",

A ik ” A et Inagesize - 700, BaseStyle -> (FentSize - 14, FontWeight > "Bold"},
<2 n 1), {posne a6 sposnt/ Lasbamd "t *o . Ton, 1 el S et

{r=", "am, tem, vt jqty}, (W[@ie (180/9i)] "Deg’ .

[5[05+ (180 /Bs) ] "Dagr, "-v, "on, wom, nav,

%", nmin, nmax, "17, sety}, ("=, lnin, lsax, "1%, laty}, PlatErhe (1ac + Scattarad)

(7=", mmin, max, *1%, laty), -

(1marcheck, =", -
tablerovhesding = { "E0", "

wiis. EXhOCOXFSandI = LiStPolarPlot[dataErho, Joinad- Trus, PolarGridLines + AUtomatic,
PolarTicke + ("Degrees”, Automatis), PlotsStyla —> {Red, Dashed),
BaseStyle -> AbssluteThickness(2], PlotMarkers -> Hone,
PlotLabel -» "E, Corrugated Cylinder (Incident + Scattersd Field)”,
ImageSize -» 700, Ba:

‘¢ xange", ‘o (obaerved), ‘& (observed) ", "Matching Pointa®, "ei’,
"$1", "p", *1", *n", "max allowable m", *max allowable 1%, "Boundary"};
tablecolheading = { “value", “min®, “max’, "delta", "Qcy of Points");

Style -> {FontSize -» 14, FontWeight -> "Bold"},
PalarAxes + Trus, PolarAxssOrigin - (0, Max[SolErhal )];
#7- ChangingPhiTable - Grid[ArragFlattan[{({{" "}], (tablscolhsading]},

(uia 1. Plot Ephi (Scattered)
Ttemstyle - {Bold, 20), Frame - All, Background + { {LightGray}, (LightGray}}]

EphiCorss = i8, Joined -+ Trus, i ~+ hutomatic,
PolarTicks = ["Degrees”, Automatic), PlotStyle -> {Hed, D
Basastyls -» AbsoluteThicknesa(2], PlotMarkazs - Mome,
Plotlabel > "E, Corrugated Cylinder (Scattered Field)
magesize -» 700, Basestyle -» (FentSize -» 14, Fentweight -> "Beld"),

- Bxpost[ Fornl ™" 4pg" . 1

ed),

Corrugated Cylinder Plots

Plot Ez (Scattered) PolarAxes + True, PolazAxesOrigin -+ (0, Max[SolEphis])];
w4 ExCorrs = Tistpolarplot[datasss, Joined + True, PolazGridiines+ Auromatic, Plot Ephi (Inc + Scattered)
PolarTicks + {"Degrees”, Automatic}, PlotStyle -» {Red, Dashed},
Basestyle -» AbsoluteThickness(2], PlotMarkers —» None, wa- BphiCorrSandl = ListPolarPlok[dataZphi, Jained True, PolarGridlines = Automatic,
PlotLabel -> 'E, Corrugated Cylinder (Scattered Field)", PolarTicks + ("Degreea’, Automatic), Pletstyle > {Rad, Dashed),
ImageSize -» 700, BaseStyle -> {FontSize -> 14, FomtWeight -> "Bold"}, BaseStyle -> AbsoluteThickness[2], PlotMarkers -> Wone,
True, Pol sgin -+ 0, s Plotlabel -» "E, Corrugated Cylinder (Incident + Scattered Fisld)",
Imagesize -> 700, BaseStyle -> {FontSize -> 14, FontWeight -> "Bold"),

Plot Ez (Inc + Scattered) PolarAxes + True, PolarAxesOrigin - {0, Max[SolEphi] ]

i EsCorrSandl = ListPolarBlot[dataPz, Joined- Trus, PolarGridLin
PolarTicks + {"Degress’, kutcmatic), PlotStyls -» (Red, Dashed),
BaseStyle -» AbsoluteThickne:

-+ Rutomatic,

2], PlotMarkers -> Nome,

PlotlLabel -» "E, Corrugated Cylinder (Incidant + Scattersd Field)",
InageSite - 700, BaseStyle -» [FomtSize -» 14, FontWeight —» "Bold"),
Polarices + Trus, PolarkemaOrigin + (0, Max[Solkr] }];

Bt Mk s S e LT ——
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Plot EAIl (Scattered)

#- EAl1CorrS = ListPolarPlot[dataEAllS, Joined - True, PolarGridlines + Automatic,
PolarTicks » {"Degrees”, Automatic}), PlotStyle -> (Red, Dashed},
BaseStyle -> AbsoluteThickness[2], PlotMarkers -> None,
PlotLabel -> "By Corrugated Cylinder (Scattered Field)”,
InageSize -» 700, BaseStyle -> {FomtSize -»> 12
Trua,

FontHaight -» "Bold"),
1181

+ (9, Max[ 802

Plot EAIl (Inc + Scattered)

we- EAl1CorcSandD =
ListPolarPlot [dataEAllSand!, Joined = Trus, FolarGridlines + Automatic,

Polarticks + [“Degrees’, Autematic), Plotstyle -» (Red, Dashed),

Basestyls -5 AbsolutaThickness(2], Plotkarksrs -> Nona,

PlotLabel -» "Eies. Corrugated Cylinder {Incident + scattered Field)",

Inagesize -» 700, BaseStyle —» [FontSize —» 14, FontWeight —» "Bold"},

Polaraxes 4 Trus, PolarAxescrigin + (0, Max[SelEALlsandr]}];

Summary Corrugated Cylinder Plots

14~ GraphicaGrid]
({zzCorrs, i

{EAL1CorsS, EAliCorsSandl}), Spacings -> (Scaled(0], Scaled[0]}]:
Smooth Cylinder Plots - TM Plots

Ez (TM Scattered)

- . Joined 4 Trus,
-+ {*Deg=
estyls -5 AbsslutaThickne:

[2], PlotMarkers -> Nens,
PlotLabel -> "E, Smooth Cylinder (TH Scattered Field)
Inagesize —> 700, BaseStyle -> {FontSize —» 14, FontWeight -»> "Bold™),
Folaraxes 4 Trus, Fol (0, max]. M

Plotstyls -» Blu

e, . THSandT,

0 Rocaaeen Garesa_Baudary a_phss_n nt

Ez (TM Inc + Scattered)

- Joined -+ True,
PolarGridLines + Automatic, PolarTicks + {"Degress”, Autcmatic)

PlotStyle -> Blus, BaseStyle -> AbsoluteThickness[2], PlotMarkers -> Nom
PlotLabel -> "E, Smooth Cylinder (™M Incident + Scattered Field)",
Imagesize -» 700,

eStyle -> {FomtSize -> 14, FontWeight -> “Beld"},
- 10, n:

Palaraxss + Trus,

Erho (TM Scattered)

au Joined~ True,
PolarGridiines + Automatic, PolarTicks + {"Degrees”, Automatic),
Elovstyle -» Blua, Basestyle -» AbsoluteThickness(2], PlotMarkers -» Mons,
Plotiabel -> "E, Swaoth Cylindar (T Scattarsd Field)".

Tmagesize -» 700, Basestyle -> (Fontsize -» 14, Fontweight > “Beld"),
Polaraxes + True, -+ {0, Max[Sol i

Erho (TM Inc + Scattered)

- Jained + Trus,
PolarGridlines » Autcmatic, PolarTicks + {"Degrees”, Automatic)

Plotstyle -» Blue, Basestyle -3 AbsoluteThickness(2], PlotMarkers -> None,
Plotlabel -» "E, Smooth Cylinder (TM Tncident + Scattered Field)",
Inagesize -» 700, Style -> (FemtSize -» 14, FontWeight -> "Bold"),
Polarhxes = True, in {0, i

Ephi (TM Scattered)

Jeined + True,
"Degrees*, hutematic),
PlotStyle -» Blus, BaseStyls -> AbsoluteThickness(2], PlotMarkers -» Nons,
ElotLabel > “E, Smaoth Cylinder (T Scattered Field)®,

Imagesize -» 700, BasaStyls -> (FentSize -» 14, ForntWaight -

PolarGridLines + Automatic, PolarTicks +

maar),
PolarAxes + True,

= {0, Max[Sol M

PAD Research Garcle Boundery s plus b.ob | a3

Ephi (TM Inc + Scattered)

32 -l

. Joined « Trus,
4 {“Degreas", .

estyls -> AbsoluteThickness[2], PlotMarkers -> Wena,
PlotLabel —> "E, Smooth Cylinder (TH Incident + Scattared Fisld)",
Inagesize -> 700, BaseStyle -» {FontSize —> 14, FontWeight -> "Bold"},

Polarcridiines + ic, PolarTick

Plotstyls —» Blu

True, Pol ~ (0, 10
EAII(TM Scattered)
o4 BAL - 1TMS, Joined - Trua,
- Automatd ke + {“Degrees”, .

PlotStyle -» Blus, BaseStyle -> AbseluteThickness(Z], PlotMarkess -> Nene,
PlotLabel -> "Ess Smeoth Cylinder (TM Scattarsd Field)',
ImegeSize -» 700, BaseStyle -» {FontSize -» 14, PantWeight -» "Bold
Polarazes 4 Trus, PolarAxasOrigin + (0, Max[SolEALITHS] ]}

EAIl (TM Inc + Scattered)

P

P 17MSandr

Joined + Tru

PolarGridlines » Automatic, PolarTicks + | *Degr
Plotstyle -» Blus, Basestyls -> Absclutethickness(2], PlotMarkers -> Nene,
FlotlLabel -» "Exea Smooth Cylinder (TH Incident + Scattered Field)”,
magesize - 700, Basestyle —» (FontSize —» 14, FontwWeight —» "Bold"),
FolarAxes + True, -0,

", Autcmatic),

ATi3);

Summary TM Plots

e s

[EAL1RagCylTMS, EALlRegCy1TMSandI)}, Spacings -> {Scaled(0], Scaled[0]}]:

Bt Mk s S e
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Smoath Cylinder Plots - TE Plots

Ez (TE Scattered)

EaRegCylTES = ListPolarPlot|dataEsregeylTES, Joined + True,
PolarGridiines + Autcmatic, PolazTicks + {"Degzees”, Autcmatic),
Plotstyle -> Blue, BaseStyle -> AbsoluteThickness(2], PlotMarkers -> None,
PlotlLabel -» "E. Smooth Cylinder (TE Scattered Field)",
ImageSize -» 700, BaseStyle -> {FentSize -» 14, PontWeight -> "Beld"),
Polarhxes -+ Trus, igin - {0, M

8ol i

£z (TE Inc + Scattered)

ExRegCylTESandl « ListPolarPlot [dateEsregeylTESandl, Joined -+ Tru
PalarGridiines + Autematic, Polarficks 4 (“Dagzass®, Autcmatic),
Plotityle -» Blue, Baseltyle -> AbsoluteThickness(2], PlotMarkess - None,
PlotLabel -> "E, Smooth Cylinder (TE Tncident + Scattered Fiald)"

700, B

Polaraxes + Tru

Imagesize -»

Style - (FemtSize -» 14, FontWeight -> “Beld"),

< {0, Max[sol n:

Erho (TE Scattered)

= Jolned + True,
PolarGridLines + Autcmatic, PolarTicks + {"Degrees”, Automatic),

Plotstyle -» Blue, Basestyle -> AbsoluteThickness(2], PlotMarkers -> None,
Plotiabel -» “E, smooth Cylinder (TE seattered Field)".

Imagesize -> 700, BaseStyle -> {FentSizs -> 14, FentWeight -> "Beld"},
Polaraxes + True, 10, Wi

Erho (TE Inc + Scattered)

Joined = True,

. Rutematic),

Plotstyle -» Blue, BaseStyle -> AbsoluteThickness[2], PlotMarkers -» None,
PlotLabel -» "E, Smooth Cylinder (TE Incident + Seattered Field)",
Imagesize -» 700, style

PolarGridLines + Automatic, PolarTicks + { "Dagras:

> (FemtSize -> 14, FontWsignt -

“Belar),
- 10, H:

Polarixes + Trus,

LT ——
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PlotStyle -» Blue, BaseStyle -> AbscluteThickness(Z], PlotMarkess -> None,
PlotlLabel -» "B, Smooth Cylinder (TH + TE Incident + Scattered Field)",
ImegeSize -» 700, BaseStyle -» [FomtSize -» 14, PontWeight -» "Bold"),
PolarAxes + Trus, ~+ (0, Max[ 1

EAll (TM+TE Scattered)

P

Joined + Trus,

PolarGridlines » Automatic, PolarTicks + | *Degr
Plotstyle -» Blus, Basestyls -> Absclutethickneass(2], PlotMarkers -> Nene,
FPlotlabel -» "Ees Smooth Cylinder (TH + TE Scattered Field)",

magesize - 700, Basestyle —» (Fontsize —» 14, FontwWeight —» "Bold"),

| Automatic),

FolarAxes + True, -0, N;

EAIl (TM+TE Inc + Scattered)

AL - Joined = True,
PolarGriduines + ic, PolarTicka - (*Degr 4a),

PlotStyle -> Blua, BaseStyle -> AbsoluteThickness[2], PlotMarkers -> Nene,

PlotLabel -> "Eswes. Smooth Cylinder (TM + TE Incident + Scattered Field)',

InageSize -> 700, BassStyle -» {FontSize -> 14, FontWeight -» "Bold"],
True, + [0, Max[ SolEAL N1

Bt Mk s S e
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Ephi (TE Scattered) Smooth Cylinder Plots - TM + TE Plots
. - Joined+ True,
i i : Ez (TM+TE Scattered)
Plotstyle -> Blus, Basastyle -> AbsoluteThickness[2], PlotMarkers -> None, i S A — Lt st o
Plotlabel -> "E, Smooth Cylinder (T8 Scattered Fisid)®, i e e e
] PolarGridiines 4 Autcmatic, PolarTicks o ("Degress’, Autematic),
InageSize =» 700, BasaStyle -» (FontSize =» 14, FontHeight -» "Bold"),
HEI . Plotstyle -» Alue, EaseStyle -» AbsoluteThickness(2], PlotMarkers -» Wons,
' § : Plotlabel - K. Smooth Cylinder (TH + TE Scattered Field)®,
‘ Imagesize -» 700, Basestyle -> (FomcSize -» L4, Fomtweight -> “meld'),
Ephi (TE Inc + Scattered) FolarAxes =+ True, = {0, Max(Sol e
.1 3
PolarfiridLines = Automatic, PolarTicka + {*Degraes", Automatic) Ez (TM+TE Inc + Scattered)
Flotstyle -» 8lue, Basestyle -> Absolucathickness[2], FlotMarkers -> None,
PlotLanel > 'E, Smooth Cylinder (TE Incident + Scattared Fiald)”, s = o deined s zo,
Imagesize > 700, Basestyle -» (Fontsize —» 14, Fontweight -» "Bold"), sl £
rue - . Plotstyls -» Blus, Basestyls -5 AbsoluteThicknass(2], Plotdarkers -» Hone,
' g 4 Plotlabel -> "E: Smooth Cylindar (TH + TE Incident + Scattered Field),
Inagesize -» 700, Basestyle -> (Fontsize -» L4, FontWeight -> “Beld"),
EAl (TE Scattered) PolarAxes = True, in - {0, 1313
e i % Joinad 4 Trus
PolarGridLines - Automatic, PolarTicks + {"Degrees”, Automatic), Erho (TM+TE Scattered)
Plotstyle -> Blue, Basestyle -> AbsoluteThickness(2], PlotMarkers -> Nene, .
Plotlabel -> "Ereu Smooth Cylinder (TE Scattered Field)®, o & ol T
PolarGriduines + Autcmatic, PolarTicks - (" Aatomatic),
Inagesize -> 700, BasaStyle -» (FomtSize -» 14, FontWeight -» "Bald"),
i Plotgtyls -> Blus, BaseStyls - AbsoluteThicknasa(2], Plotdazkezs -» Mems,
Polaries =+ True, PolarkresOrigin = (0, Max[ SolEALITES] )] ;
Flotlabel = “E, Smooth Cylinder (TH + TE Scattered Field)®,
Imagesize -» 700, BaseStyls -> (FomtSize -» L4, FontWeight -> “Bold")
EAIl (TE Inc + Scattered) o e i
oo ERL - n 1TESand, Joined - Trus,
e A R o MR L T LA 5 (B N s Erho (TM+TE Inc + Scattered)
Plotstyla > Blus, Bassstyle -> AbsoluteThickness(z], PlotMarkers -> Nems,
Flotlabel > "Ry Smooth Cylinder (fE incident + Scattered Fisld)®, . . s
FolarGridiines + Autamatic, PolarTicks + {"Dagreas®, Automatic),
Imagesiza > 700, HameStyle > (FontSiza > 16, FoRSNeight -» "Beld”), e b e el et =
v s -» Blue, Basestyls -» AbaoluteThickness(2). rkera -> Hone.
FolarAxes -+ True, PolarAxesOrigin + (0, Max| SolEALITESandI]}]; P 7 121
Plotiabel -» “E, Smooth Cylinder (™ + TE Incident + Scavtered Fiald)®,
Tnagesize -» 700, BaseStyle -> {FontSize -» 14, FontWaight -> “Bold"),
Summary TE Plots Folaraxes + True, <10 1316
- s 1
(FAL1RagCyITES, FALIRegcylTESandT)}, Spacings -> (Scaled(0], Scaled[0]}];
P10 Aescarch Garcla Boundary o sl bnb | 47 4B | 0 Research Garcs Boundiry a s b
Ephi (TM+TE Scattered) Summary TM+TE Plots
. . Joined « True " N « 3
FolarGridzines « 1o, Polarricks= [“Degress’, : ;
Plotstyls > alus, Basestyls -5 AbsslutaThickneas(2], PlotMarkers -> None, v !
Plotiabal -> "E, Smooth Cylinder (T + TE Seattered Field]". (EA b
Inagesize -> 700, BassStyle -> (FontSize -> 14, FontWeight -> "Bald™), spacings > (soaled[0], Scalsd(0])];
Teue, Bo1 -0, M
Compare (Regular vs Corrugated) Plots
Ephi (TM+TE Inc + Scattered)
. e s TM Compare
+ Automatd ko + (*Degrens” . 3

GraphicsGrid|[{ListPolazPlot]
{dataErregey]THS, dataEzs),
PolarTicks + { "Degress”, Autematic),
5.

Joined - True, PolazGridlines » utomatic,
Platstyle -> (Blus, (Red, Dashed)],
eStyle -» AbscluteThickness[2], FlotMarkers -> Noms, Plotlabel -»

"E. ™ Bcattered Smooth Cylinder (Blus) v Corrugated Cylinder (Hed,
Imagesize > 700, Ba

.y,

Style «» (FontSize -» 14, FontWeight -»> "Bold"),

Polarhxes + Trus, -0, So1mxs]}],

ListPolarPlot| [dataEzrageylTHSandT, datakz),

Joined + True, PolarGridLines -+ Autematic,

PolarTicks - { "Degrees”, Autematic), PlotStyle -> (Blue, {Red, Dashed)],

BaseStyle —> AbsoluteThickness[2], PlotMarkers —> None,

Plotlabel —> 'E. TM Incident + Scattered Smosth Cylinder (Blue)

va Corrugated Cylinder (Red, --}", ImageSize -> 700,

aStyle -> (FontSize -> 14, FontWeight -> "Bold"), PolarAxes + Trus,
-0, solE]}]),

{ListPolarFlot[{datafrhorageylTHs, datakshos),
Joined + True, PolarGridlines + Automatic,

Polarricks » { “Degres:

Autematic), Plotstyle -> (Blue, (Red, Dashed)),

Basastyle -> AbsoluteThickness[2], FlotMarkers -> Noma, Plotlabel ->
E. ™ scattered smooth Cylinder (Blue) ve Corrugated Cylinder (Red,

ImageSize -> 700, BaseStyle -> {FontSize -> 14, TontWeight -> "Bold"},

Polarhxes + True, 40, iTus, SolEzhos]} .

ListPolarPlot| [dataErhoregeylTHSandl, datakrho],
Joined + Trus, PolarGridlines -+ Automatic,
PolarTicks - { "Degrees”, Automatic), PlotStyle -> (Blue, {Red, Dashed)],
BassStyls -» AbsolutaThicknsss[2], PlobMarkers -3 Nona,
Plotlabel -

VB, T™M Incident + Scattered Smosth Cylinder (Blua)
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vs Corrugsted Cylinder (Red, , ImageSizs -> 700,
BaseStyle -> (FontSire -> 14, Fanteight -> "Bold"), Polarhxes = Trus,
ol 0, solerhol}]),

{ListPolarplot|{datarphiregcylThs, datakphis),
Joined -+ True, PolarGridLines - Automatic,

PolarTicks + {"Degress”, Automatic), PlotStyls -» {Blue, (Red, Dashed)),
BaseStyle -> RbsoluteThickness(2], PlotMarkers -> Wone, PlotLabel ->

"By TM Scattered Smooth Cylinder (Blue) vs Corrugated Cylinder (Red, —-)
014"},

solEpmis) )],

TmageSize -> 700, BaseStyle -> {FontSize -> 14, FontWeight ->
Polarhxes + True, - {0, Max

ListPolarelot[(datakEniregcylTHSandl, dataEphi),
Joined =+ True, PolarGridLines = Rutomatic,
PolazTicks + (‘Degress®, Automatic), Plotstyle -> {Blus, {Red, Dashed)),
Basestyla - AbsoluteThickness[2], Plotarkers > Mons,
Ploriabal -> "E, TM Incident s Scattarsd Smooth Cylindar (Blua)
va Corrugated Cylinder (Red, --)°, Imagesize -> 700,
Basestyla - (FentSize -> 14, FontWeight > "Bold"}, PolarAxes + Trus,
Pol 1o, SolEphil}ll,

{ListPolarPlot[{dataEAILTHS, dataBAL1S), Joined - Trus,
PolarGridlines - Automatic, PolarTicks - {"Degrees”, Automatic},
PlotStyls > (Blue, (Red, Dashed}}, Style -» AbsoluteThicknes
PlotMarkers -> Nome, Plotlabel -> "Erssi TH Scattersd Smooth

Cylinder (Blus) va Corrugated Cylinder (Red, --)*,
ImageSize -> 700, BaseStyle -> {FontSize -> 14, FontWeight -> "Bold"},
Palaraxes + True, PolarAxesorigin + (0, Max[solzallms, solxalls])],

Joined + True, PolarGridLines -+ Automatic,

PolarTicks + {"Degress”, Automatic), Plotstyle -» {Blus, {Red, Dashed)},
BaseStyle -> RbsoluteThickness(2], PlotMarkers -> Fone,

Plotlabel -> "Esmu TM Incident + Scattered Smooth Cylinder (Blus)
ImageSize -» 700,

Basestyls -> (FontSize -> 14, FontWeight -> "Bold"), Polarhxes = Trua,

ve Corrugated Cylinder (Red,

PolarAxesorigin -+ (0, Max[$olEA11TMEandI, SolEALLSand1]}]]
n:

TE Compare

GraphicsGrid| {{ListPolarflot|
(dataBrregeylTES, dataRzS), Joined +True, PolarGridlines + Automatic,
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PolarTicks + {"Degress”, Automstic), PlotStyls -» (Blus, (Red, Dashed)),
BaseStyle -» AbsoluteThickness[2], Plotharkers -> None, PlotLabel ->
E. TE scattered smosth Cylinder (slus) va Corragated Cylinder (ded,
Tnagesize -> 700, BaseStyle -» (FontSize -> 14, TontWeight -» "Bold"},
Polaraxes + True, in {0, solxas)}],

ListPelarplot({dataEzregeylTESandI, dataZz),
Joined + True, FolarGridLines -+ Automatic,
PolarTicks -+ { "Degrees”, Automatic), PlotStyle -> (Blue, (Red, Dashed)],
BaseStyle -> AbsoluteThickness[2], PlotMarkers -> None,
Plotlabel -> 'E, TE Incident + Scattered Smooth Cylinder (Blue)
vs Corrugated Cylinder (Red, --)", ImageSize -» 700,
BassStyls -» (FontSiza -> 14, FontWsight -» "Bold"], PolarAxes + Trus,
“ (0, solzz] 1},

{ListPolarrlot [{datatrhorageylTes, datakrhos),
Joined + Trus, PolarGridlines 4 Autosatic,
PolarTicks + ( "Degrees”, Autematic), Plotstyle -» (Blue, (Red, Dashed}],
Basestyle -> AbsoluteThickness|2], PlotMarkers -> None, Plotiabel -»
"E, TE Scattered Smeoth Cylinder (Blue) ve Corrugated Cylinder (Red,
ImageSize -> 700, BaseStyle -» (FontSize -> 14, FentWeight -» "Beld"].
- {0, Max[ 17ES, SolErhos]}.

Bolarkzes + Trus,

ListPolarPlot((dataErhoregeylTESandl, datakzho},
Joined + True, PolarGridlines - hutomat ic,
PolarTicks + {"Dagress”, Automatic), PlatStyls -» (Blus, (Red, Dashed)),
BasaStyle -» AbsoluteThicknesa[2], PlotMarkers -> Hone,
Plotiabel -> 'E, T& ncident + Scattered smooth Cylinder (slue)

vs Corrugated Cylinder (Red, --)", ImageSize -» 700,
Basastyls -> [FontSize -> 14, FontWeight —> "Bold"), PolarAxes + Trus,

- 10, solErhol )]},

{ListPolarPlot [{dataEphiregcylTES, dataEphis),
Joined + True, PolarGsidLines -+ Autosatic,
BolarTicks - { "Degrees”, Autcmstic), PlotStyle

> (Blue, {Red, Dashed)],
BaseStyls -» AbsolutsThickness[2], PlotMarkers -3 None, PlotLabel -3

B, TE Scattered Smooth Cylinder (Blus) vs Corrugated Cylinder (Red, --)"

ImageSize -> 700, BaseStyle -» (FontSize -> 14, FontWeight -» "Bold"}.
- {0, Max[ 1TES, SolEehis]}],

Bolarkzes + Trus,

Listrolarplot| {dacarphiregeylTEsands, datasphil,
Jotned + Trus, PolarGridiines + Autematic,
Autematic), Plotstyle —» (Blue, (Red, Dashad}),

PolarTicks + { "Degrees

PO Reseurch Garcla Boundery s plis_b.ob

Basestyle -> AbsoluteThickness(2], PlotMarkers -> Nons,
Plotlabel -> "L, TE Ineident + Scattered Smooth Cylinder (Blue)

va Corrugated Cylinder (Red, --)", ImageSize -> 700,
BasaStyls -; (FentSiza -» 14, FontMeight -3 "Bold'}, Polarhxes + Trus,
Pol -0, Salephil}]),

{LiatPolarFlot[{dstaBAILTES, dataBAL1S), Joined + Trua,
PolarGridiines + Automatic, PolarTicks -+ {"Degrees”, Automatic),
PlotStyla -> (Blue, (Red, Dashed}), BaseStyle -» AbsoluteThickne:
Plotmarkers -3 None, PlotLabel - “Erea: TE Scattersd Smaoth

Cylinder (Blue) va Corrugated Cylinder (Red, --)",
Imagesize - 700, BaseStyle —» (FentSise -> 14, FentWeight —> "Beld"},
Polarhxes + True, PolarAxesOrigin - {0, Max[SolEALITES, SolEAL1S]}],

ListPolar®lot[{dataBEAlITESandl, dataEAl1SandT},
Joined True, PolarGridlines + Rutomatic,

PolarTicks + {"Degress”, Automatic), PlotStyls -> {Blus, {Red, Dashed)),
BaseStyle -> AbsoluteThickness[2], PlotMarkers -> Mons,
“Enau TE Incidant 4 Scatterad Smoocth Cylindar (2lus)
vs Corrugated Cylinder (Red, --)7, ImageSize —> 700,
Basestyls - (FontSize -> 14, FontWeight -> "Badd"}, PolarAwes + Trua,
pol o, SolERL1SandI]}]}
n:

Plosiabsl -

TM+TE Compare

GraphicsGridl { (LatPolarplot|
{dataBaregcylTHplusTES, datakss}, Joined + True, PolarGridlines - Automatic,
PolarTicks + {"Degrees”, Automatic), PlotStyle -» (Blue, (Red, Dashed) ).
BaseStyle -» AbsoluteThickness(2], PlotMarkers -» None,

PlotLabel -> "E, TM/TE Scattered Smocth Cylinder (Blue) vs.
Gorrugated Cylinder (Red, --)°, Imagesize -3 700,
BaseStyle -> {FontSize -> 14, FontWeight -> "Bold"}, Polarhxes = Trus,
Pol “qn, L

TES, SolE2S]}].

adataez),
Joined + True, PolarGridrin

+ Automatic,
PolarTicks + {"Degress”, Automatic], PlotStyls -» {Blus, [Red, Dashed)],
Basestyle - AmscluteThicknesa(2], PlotMackezs —» Hons,
Plotlabsl -> "B THTE Incident + Scattared Smooth Cylinder (Blus)

vs Gorrugated Gylinder (Red, --)%, Imagesize - 700,
Basestyle - {FentSize -> 14, FontWeight -> "Bold"}, Polarhxes - True,
Pl -0, so1Ee)))),
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Joined - Trus, PolarGridLines - utosatic,

PolarTicks + {"Degress”, Autcmstic), PistStyle -» (Blus, (Red, Dashed)),
BasaStyle -» AbsoluteThickness[2], PlotMarkers -> Hane,
Plotlabal -> B, TMiTE Scattezed Smooth Cylinder (Blus) va
Corrugated Cylinder (fed, --)", ImageSize -» 700,
Basestyls -» (Fontsize > 14, Fontweight —> "Bold"), PolarAxes + True,
a0, solerhos] )],

dataErho),
Joined + True, PolarGridLines + Autematic,
PolarTicks - { "Degrees®, Automatic), PlotStyle -> (Blue, (Red, Dashed)],
BaseStyle -> AbsoluteThickness(2]. PlotMarkers -> Nome,
PlotLabel > 'E, THeTE Incident « Scattered Smooth Cylinder (Blush
s Corrugated Cylinder {Red, --)", InageSize -> 700,
BaseStyle -» (FontSize -> 11, FontWeight -» 'Bold"], Palachxes + True,
- (o, Selkzho] 1},

i a hi

Io4ned + Trus, POlarGridLines 4 AUEGEATAC,
PolarTicks + ("Degrees”, Autematic), PlotStyle -» (Blue, (Red, Dashed]],
BaseStyle -> AbsoluteThickness[2], PlotMarkers -> Nona,
PlotLabel -> "Es TM4TE Scattered smooth Cylinder (Blus) va
Corrugated Cylinder (Red, --)
Basestyle -> (FontSize -> 14, FontWeight —> "Bold"), PolarAxes + True,
- 10, f SolEphis] }] .

InageSize —> 700,

E dataEphi],
Joined 4 Trus, PolarGeidlines 4 utomatic,
PolarTicks + ("Dagress®, Autcmatic), PlotStyls -» (Blus, (Red, Dasked)),
BaseStyle -> AbsoluteThickness[2], PlotMarkers -> Nona,
Plotlabal -: 'Es TMiTE Incident . Scattersd Smocth Cylinder (Blus)
vs Corrugated Cylinder {Red, --)", ImageSize -» 700,
Basestyls -> (FontSiza —> 14, FORtWeight -> "Bold"), PolarAxes + Trus,
+ 10, SolEphillll,

{ListPolarplot {dataEAllTMplusTEs, dataEAlls),
Joined + True, FolarGridLines -+ Automatic,
PolarTicks + { "Degrees”, Automatic), Plotstyle -> (Blue, (Red, Dashed)],
BaseStyle -> AbsoluteThickness[2], PlotMarkers -> None,
PlotLabel =» "Ery, TMTE Scattered Smooth Cylinder (Blu
vs Corrugated Cylinder (Red, --)", ImageSize -» 700,
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BasaStyls -» (FontSize -> 14, FontWeight -: "Bold'}, Polarhwas + Trus,
Pal o, 1THplusTES, SolZAlLS])],

ListPolar?lot[{dataRALITMplusTESandI, dataBALlSandT},
Joined + True, PolarGridiines + Automatic,
PolarTicks + ("Degrees”, Automatic), PlotStyle -> {Blus, {Red, Dashed}},
Bassstyls > AbsoluteThickness(2], PlotMarkers -» Nene,
Plotlabel -> "Ezata THeTE Incident + Scattered Smooth Cylinder {Blue)

va Corrugated Cylinder (Red, Inagesize -> 700,

BaseStyle -> {FontSize -> 14, FontWeight -> "Bold"}, Polarhxes = True,
Pol 0, ATMpLusTESandI, SalEAllSandl] )] )

M:

TM, TE, and TM+TE Compare

PhiPolarplots -
L] ({L datakzS), Joined- Trus,
PolarGridlines « Automatic, PolarTicks - {"Degrees”, hutematic),
Plotstyle -> (Blve, [Rad, Dashed}), BaseStyle -» AbsoluteThickn
Plotsarkers -> Nons, PlorLabal -> “E. TH Scattersd (V/m) Smooth
Gylinder (Blue) vs Corrugated Cylinder (Red, --)°,
Imagesize - 700, BaseStyle —» (FentSise -> 14, FentWeight -5 "Beld"},
Polarhxes + True, + {0, Max[ SolEss))],
"E: TE Does Mot Exist,
ListPolarplot[{dataEeregeylTMpLlusTES, datakzs),
Joined - True, PolarGridLines - Automatic,
PolacTicks + ("Degress”, Automatic), PlotStyle -» (Blus, (Red, Dashed)},
BaseStyle -> AbsoluteThickness[2], PlotMarkers -» None,
Plotiabel > "E, THTE (V/m) Scattersd fmooth Cylinder (8lus)
va Corrugated Cylinder (Rad,
BaseStyle -> {FontSize -3 14, FontWeight -3 "Bold"), PolarAxes = Trus,
ol -1, Lusres, Solexs]}]],

121,

| Imagesize -» 700,

{ListPolarPlot|{dataBzregeyl THSaNdT, dataks) ,
Joined+ True, PolarGridLines - Automatic,
PolarTicks + ("Degrees”, Automatie), PlotStyle -> {Blue, (Red, Dashed) ).
BaseStyle -> AbsoluteThickness[2], PlotMarkers -» None,
Plotlabel -> "E, TM Incident + Scattered (V/m) Sseoth Cylinder (Blus)

va Cozrugsted Cylinder (Red, --)", ImageSize > 700,

BaseStyle -> {FontSize -> 14, FontWeight -> "Bold"), Polarhes ~ Trus,
Pol L TSandl, Salkz]}],

"E, TE Doas Not Exis
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1 databz),

Joined 4 Trus, PolarGridlines -+ hutomatic,

Polarricks + { "Degrees”, Autematic), rlotstyle -> (2lue, (Red, Dashed)),
BaseStyle -> AbsoluteThicknesa[2], PlotMarkers -> Nona,

Plotlabel —> "E. TMiTE Incident + Scattered (V/m) Smooth Cylinder

(Blus) ve Corrugated Cylinder (Red, --)", TmageSizs -> 700,
Basestyle -> (FontSize -> 14, FontWeight -» "Bold"], Polarhxes + True,
-0, SelEz]}1),

Joined + Trus, PolarGridLines - Automatic,
Polarticks + ("Dagrass”, Automatic), PlatStyls -» (Blus, (Red, Dashed)),
Basestyle -> AbsoluteThicknesa[2], FlotMarkers -> Hona,
Plotiabel -» 'E, TM Scattered (V/m) Smooth Cylinder (Blue)
ws Corrugated Cylinder (Red, --}", Imagesize -» 700,
Basastyle -> (FontSize -> 14, FontWeight -> "Bold"), PolarAxes + Trus,
-0, solkrhos))],
, Joined -+ True,
~+ {"Degrees”,
Plotstyle -» [Blue, {Red, Dashed)), BaseStyle -> AbsoluteThickness(2],
ElotMackers -> None, Plotlabel -» 'E, TE Scattered (V/m) Smosth
Cylinder (Blue) ve Corrugated Cylinder (Red, --)".
ImageSize -» 700, BassStyle - (FontSize —> 14, FontWeight -» "Bold"},
Polarkxes + True, {0, Max| 1TES, SolEzhoS]} ],

1 . Joined s Trus,

-+ Mutematd

Plotstyle -> (Blue, (Red, Dashed)),
BaseStyla -> AbsoluteThicknass[2], PlotMarkars -> Wona,
Plotiabal > ‘%, TMiTE Scatearad (vm) smocth Cylindsr (Blu
vs Corrugated Cylinder {Red, --)", ImageSize -> 700,
Basestyle -> (FontSize -> 14, FontWeight -> "Bold"}, PolarAxes + True,
- {0, SolEchoS) }] ).

+ ("Dagres

{ListPolasPlot [ {dataErharageylTHSandl, datakzho) ,
Joined 4 True, PolarGridLines + Automatic,
SolarTicks + { “Degress®, Autematic), PlatStyle -» (Alue, (Red, Dashed)),
BasaStyle -» AbsoluteThickness[2], PlotMarkers -> MNeme,
Elotlabel -> "E; TM Incident + Scattersd (V¥/m) Smooth Cylinder (Blus)
wa Corrugated Cplinder (Red, --}", ImageSize -» 700,
sasastyle -> (FontSize -> 14, Fontweight -> 'Bold"), FolarAxes + True,
40, so18rhe] )],
ListPolarplet( (datakrhoregoylTEsandl, datakrho}, Joined -+ True,
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PolarGridLines » Automatic, PolarTicks + {"Dagreas”, Automatic),

Pletstyla —> {Blue, (Red, Dashed}),

BaseStyle -> RbsoluteThickness[2], PlotMarkers -> None,

Plotlabel - "E, TE *t + Scattersd (V/m} Smooth Cylinder (Blus)
va Corrugated Cylinder (Red, --)7, ImageSize -» 700,

Basestyls -> {FontSize -3 14, FontWeight -> "Bald'}, Polarhxas + Trua,

Pol -0, SolErhol} ],

datasrho),

Joined + True, PolaxGridlines « kutomatic,

PolarTicks + ("Degress”, Automatic), Piotstyle -> (Blue, (Red, Dashed)),

BaseStyle -> AbsoluteThickness(2], PlotMarkers -> Wone,

Plotlabsl -> "E, THTE Incident + Scattered (v/m) Smooth Cylinder
(Blue) ve Corrugated Cylinder (Red, --)", ImageSize -» 700,

BaseStyle -> (FontSize -> 14, FontMeight -> "Bold'}, Polarhxes + Trus,

Bol -0, SolEcha} ),

[ListPolarPlot[{dstaEphizegcylTHS, dataEphis],
Joined -+ Trus, PolarGridlines + Automatic,

s*, Automatic), PlotStyle -> (Blue, (Red, Dashed)],

PolarTicks + ("Dagre
Bassstyls 3 AbacluteThicknesa[2], PlotMarkers —» Nons,
Plotlabel -» "E, TH Seattered {V/m) Smooth Cylinder (Blue)
va Corrugated Cylinder (Rad,
Rasestyle - (Fontsise -3 14, FontWeight -> “Bold"), PolarAes -+ Trus,
Pol ~10, solzphis))],
. Jotned s True,
PolarGridlines - Automatic, PolarTicks - {"Degrees”, Automatic),

“, Imagesize -> 700,

PlotStyle -> (Blue, (Red, Dashed}), BassStyle -» AbsoluteThickne:
PlotMarkers -> Nome, Plotlabel -» “E, TE Scattersd (V/m) Smooth
Cylinder (8lus) vs Corrugated Cylinder (Red, --]°
Fonthaight - "Bold'},
SolEphis] }],
| doinsd s Trus,
PolarGridLines + Automatic, PolarTicks + {"Degrees”, Rutomatic),
Plotstyls > (Blue, (Red, Dashed)),
BaseStyle > AbssluteThicknesa(2], PlotMarkers —» None,
Plotlabel > "E, TM.TE Scattered (V/m) Smooth Cylinder (Blue)
va Corrugated Cylinder (Red, --)°, imagesize - 700,
BaseStyle -> (FontSize -> 14, FontWeight -> "Bold"}, Polarhxes - Trus,
TMpLusTES, SolEphis])] ).

Imagesize -3 700, BassStyls -> (FontSiza -3 L
PolarAxes + Trus, - (0, Max

pol 10,

[ListPalarPlot[{databphiregey] ™MSandl, dataiphi],
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Joined + True, PolarGridlines + Automatic,

PolarTicks + ("Degrees”, Autematic), PlotStyle -» (Blue, (Red, Dashed}),

Basastyle -> AbsoluteThickness[2], PlotMarkers -> None,

PlotlLabel -» "Eo TM Incident + Scattersd (V/m) Smooth Cylindes (Blus)
vs Corrugated Cylinder (Red, --}", ImageSize -» 700,

BassStyls -» (FontSiza -3 14, PontWsight -» 'Sold‘), PolarAxes + Trus,

-0, solmphil)],
Listrolarplot| (datasphiregoylTEsands, datasphi], Joined - Trus
+ Automat = ("Degrass", :

Plotstyls -> (Elus, (Red, Dashed)),
Basestyle -> AbsoluteThickness[2], FlotMarkers -> None,
Plotlabel -> 'E, TE Incident + Scattersd (V/m) Smooth Gylinder (Blus)
ve Corrugated Cylinder (Red, --)", ImageSize -> 700,
Basestyle -> (FontSize -> 14, FontWeight -> "Bold"), PolarAzes + True,
- 10, s so1Epai])],
dataEphi},

Joined s Trus, PolasGridiines + Automatic,
PolarTicks = { "Degress®, Automatic), PlotStyle -> (Blue, [Red, Dashed)]},
BasaStyls -> AbscluteThicknsss[2], PlotMarksrs - Nona,
PlotLabel -> "By TMeTE Incident + Scattered (V/m) Smooth Cylinder
(21ue) va Corrugated Cylinder (Red, --)', Imagesize -> 700,
BaseStyle > (FontSize -> 14, FontWeight -> "Bold"), PolarAxes + True,
- o, i selEphi] N,

{ListPolarplot[{dataEAllTuS, dataBAlls), Joined + True,
=+ Automat.

-+ {"Degrees",
Plotstyle -> (Blue, {Red, Dashed)), BaseStyle -> AbsoluteThickness(2],
PlotMarkers -> None, Plotlabel -» "Erge ™ Scattered (Vim) Smooth

Cylindsr (Blua) vs Corrugated Cylinder (Red, --)",
ImageSize -> 700, BassStyls - (FontSize —> 14, FontWeight -» "Bold"},
Polarkxes + Trus, BolarkxasOrigin - {0, Max|SolEALITMS, SolEA11S]}],
ListPolarPlot((dataBAlLTES, dataBAllS), Joined -+ Trus,
=+ Automatic,  ("Degreas",
Plotstyls -» (Blus, {Red, Dashed}), BaseStyle -> AbanluteThickness(2],
PlotMarkers > None, Plotlabel —» "Exeas TE Scattered (Vim) Smooth
Cylinder (Blue) vs Corrugated Cylinder (Red, —-)",
magesize -> 700, Basestyle -» (Fontsize —> 14, FontWeight -» “Bold"},
Polarhxes + Trus, FolarAxesOrigin + {0, Max|SolEALITES, SolEALLS]}],
ListPolarPlot((dataEAllTMplusTES, dataEALlS), Joined -+ True,
+ Automat 1

-+ {"Degrees", .
Plotstyle -» (Blus, {Red, Dashed)], BaseStyls -> AbsoluteThicknass(2],
lotMarkers -» None, PlotLabel -» 'Er,. TTE Scattered (V/m}
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Smacth Cylindsr (Blus) ve Corrugatsd Cylindsr (Red, )%,
ImageSize -> 700, EaseStyle -> (FontSize -> 14, FontMeight - "Bold"},
PolazAxes + Trus, =+ (0, max[solzal salEalls) )]},

[ListPolarPlot [{dstaEAllTMSandT, dataEAllSandT},
Joined+ True, PolarGridLin

+ Automatie,

PolarTicks + ("Degrees”, Automatic), PlotStyle -> {Blue, {Red, Dashed}},
BassStyls > AbseluteThickness(2], PlotMarkers —» Wone,

Plotlabel -> "Exaa TH Incident + Scattered (V/m) Smooth Cylinder
(Blue) vs Corrugated Cylinder (Red, --)°, ImageSize -3 700,
BaseStyle -> {FontSize -> 14, FontWeight -> "Bold"), Polarhxes = Trus,
Pl ~10, 1mMsanar, SslEAllsanar]}],
ListPolarPlot[{dataRAlITESandT, dataBAl1SandT)}, Joined »Trus,
PolarGridiines + Automatic, PolarTicks + {"Dagr
Plotstyla > (Blve, (Red, Dashed}),

. mutomatic},

Basestyle -> AbsolutaThicknasa(2], PlotMarkars -> Hons,

Plotlabel —> “Ezetat TE Incident + Scattered (V/m) Smeeth Cylinder
(Blus) vs Corrugated Cylinder (Red, --)°, Imagesize -> 700,

BaseStyle -» {FontS8ize -> 14, FontWeight -> "Bold"}, PolarAxes - True,

PalarhxesOrigin + (0, Max[SolEALLTESandI, SolEAL1SandI]}] .

ListFolarPlot[{dataBALITMplusTESandl, dataEAllSandT},
Jeined + True, PolarGridlines + Automatic,
PolarTicks+ {"Degrees”, Automatic), PlotStyle -> (Blue, {Red, Dashed]],
BaseStyls -> AbscluteThicknass(2], PlotMackers -> Noms,
PlotLabel > "Exgy THeTE Incident + Scatt
(alue) vs Corrugated Cylinder (Red,
BaseStyle -> {FontSize -> 14, FontWeight

od (V/m) Smooth Cylinder
=)*, Imagesiza -> TOOQ,

> "Bold"], PolarAxes - True,
<0, n:

¥
n
Export[ToString|StringForm(" " .jpg", PhiPolacPlotsNane] ], PhiPolarPlots]

Changing Phi RCS Polar Plots

Corrugated Cylinder Plots

Plot Ez

S8 | PO Resaaron Gaven_Baundty a_phvs_ i np

o4 RCSEaCorr = ListPolarlot|RCSdataEz, Joined -+ True.
PolarGridhines = Automatic, PolarTicks = {"Degess® , Autcmatic),
PlotStyle > (Red, Dashed), BaseStyle -> AbsoluteThickness(2],
PlotMaskers -> Nons, lotlabel -> R, Corrugated Cylinter (RCS m)",

Imagesize -» 700,

style

> (FontSize -» 14, FontWeight -> “Bold")
Folarixes « Frue, BalazkxesOrigin - (0, Max[RCSSo1E]]];

Plot Erho

= L

Jotnad s zrue,
PolarCridlLines + Automatic, PolarPicks + {"Degrees”, Rutcmatic),
PlotStyle -» (Red, Dashed), BaseStyle -> AbsoluteThickness[Z],
Plotsarkers -> Nons, BlotLabel -> *N, Corrugated Cylinter (RCS o)
Taagesize -> 700, Basestyla -> {FentSiza -> 14, FentWaighe -> “Bold"),
FPolarAxes + True, PolarAxesOrigin - (0, Max[RCSSolErho])];

Plot Ephi

- [ Joined + Trus,

(*megres
FlotStyle -> (Red, Dashed), BassStyle -> AbsoluteThickness(2],
PlotMarkers - Nene, PlotLabel > "Es Cerrugated Cylinter (RCS m')”,
Inagesize -» 700, BaseStyle -> {FontSize -» 14, FontWaight -> “Bold"),
PolarAxes + Trus, PolazhxesOrigin - {0, Max [RCSSolEphi]) ]

Plot EAIl

s BCSEALLCoze = ListPolarPlot[RCSdataBALL, Joined = Trus,
PalarGridiines 4 Autcmatic, PolasFicks » ("Degzass’, Autcmatic)
Blotstyle -> (Red, Dashed), B

Style -> AbsoluteThickness[2],
PlotNarkars -> Nons, Plotlabel -> “Brs Corregated Cylinter (308 m')°,
tmagasize -» 700, &

Style - (FemtSize -» 14, FontWeight -> “Beld"),

PalarAxss 4 Trus, PolazaxssOFigin - (0, Max[RCSSe1EALL])]

Summary Corrugated Cylinder Plats

({ResEsCorx) ,
Spacings -» [Scaled[D]

. (RCSEALICexz}),
Scaled[0])]
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Smooth Cylinder Plots - TM Plots

Ez (TM RCS)

[ Joined + True,

PolarGridlines + Autometic, FolarTicks + { “Degress”, Automatic),

Plotstyle -» Blus, Basestyle -5 AbsoluteThickness(2]

PlotMarkers —» None, Pletlabel -» "E. Smooth Cylinder (IM RGS m')",

InagesSize -» 700, BaseStyle -> [FontSize -> 14, FontWeight -» "Beld"],
Trus, 2ol igin -+ (0, bl

Erho (TM RCS)

+ 3

FlotStyle -> Blue,

PlotMarkers -» None, Plotlabel -5 "E. Smooth Cylinder (TM RCS %)
Imagesize -» 700, BaseStyle -» [FomtSize -» 14, FomcWeight -» 'Bold"),

- (e, M

True,

Ephi (TM RCS)

Foined + True,

PolarGridLines + Automatic, PolarTicks » {"De

Plotstyle -» Blue, Basestyle -> AbsoluteThickness(2],

Plotmarkers -» Wone, Plotiabel -» "E; Smooth Cylinder (TM RGS B7),
Inagesita -> 700, BaseStyls -> (FontSiza -> 14, FontWaight -> "Bold"),
Polaraxes + True, (0, e

EAll (TM RCS)

BCSEA11RegCylTH - ListPolartlot[ACSdataBregeylTHALL, Joined - True
PolarGridLines + Automatic, PolarTicks + (“Degr
Flotstyle -> Blu

Automatic)

astyle > AbsoluteThickness[Z],
PlotMarkere - Mone, Plotlabel -> *Enwu Smooth Cylinder (T4 BES u)",
> (Fontsize -» 10

- (0,

Imagesize -> 700, BasaStyle
Polarkzes + True,

FontWeiat -» 3aid™),
m];

Summary TM Plots

ot L .
{RCSEALIRegCY1TM) ), Spacings -> (Scaled(0], Scaled(0]}];

Bt Mk s S e
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Smoath Cylinder Plots - TE Plots

Ez (TE RCS) - DOES NOT EXIST

Erho (TE RCS)

1TE, Joined- True,
PolarGridlines » Autcastic, PolarTicks - {"Degrees”, Autematic),
Plotstyls -» Blus, BassStyls -> AbsolutsThicknesa(2],

FlotMarkers -> None, PlotLabel -> ", Smooth Cylinder (TE RCS m')",
Imagesize -» 700, B

styls -> (Fontsize -> 14, FontWaight -> "Bald"),

FolarAxes + Tru -0, M:
Ephi (TE RCS)
i - [ Joined+ True,
laroridui " T — sch,

PlotStyle -> Blue, BaseStyla -> AbsoluteThickness(2],
PlotMarkers -> None, Plotlabel -> "B, Smooth Cylinder (TE RCS m%)",
ImageSize -» 700, BaseStyle

> {FontSize -> 14, FontHeight -> Beld"),
Polachxes « Trus. i (0, W

EAIl (TE RCS)

s BCSEA1RegCylTE = ListPolasPlot|RCSdatakregcylTEALL Joined- Trus
i Automatic, PolarTicks -+ {"Degress”, ich,
PlotStyle -» Blue, BasesStyle -5 AbsoluteThickness(2].

BlotMarkers -> None, BlotlLabel -> “Ers Smooth Cylinder (TE RCS )",

Imagesize -» 700, Basestyls -> (FontSiza -» 14, FontWeight -3 “Hold")
Folaraxes - Trua, = (0, M
Summary TE Plots
) It 2 . {RCTTALIRegCyiTE)},
Spacings -» (Scaled[0], Scaled[o]}];
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Smooth Cylinder Plots - TM + TE Plots

Ez (TM + TERCS)

Joined = Trus,
PolarGridiines + + {"Dagr
Flotstyle -» Slue, BaseStyle -> AbsoluteThickness[2],

PlotMarkers -» Nona, Plotlabel -5 "E. Smaoth Cylinder (TM . T% RCS )",
imagesize -> 700, Basestyle -» (FomtSize -> 14, FantWeight -> "Bold),

Polarixes - Trua, (0, 1]

m

rho (TM + TE RCS)

- Jotned » True,
~+ Autonatie, Pol ks + "Degrees”
Plotstyls -» Blus, Basestyle -3 AbsoluteThickness(2],
PlotMarkers -> Wone, PloklLabel -> "E, Smookth Cylinder (TH «
Inagesize -» 700, Basestyle - (FontSize —» 14, FontWeight -» "Beld"},
Polarces - True, Zol igin - (0, e

ReS )",

Ephi (TM + TE RCS)

- [ Joined s Trus,
PolarGridlines » Automatic, PolarTicks» (“Degr: Automatic),

Plotstyls -> Blus, BaseStyls -> AbsslutaThickness[2],

PlotMarkers -» None, PlotLabel -> "E, Smooth Cylinder (TM + T& RCS mf}",
ImageSire -» 700, BasaStyls -» {FontSire - 18, FontWeight -» "Bold”)

Polarkxes » True, Fol igin + (0, i 1]s

EAIl (TM + TE RCS)

S " = [ 1, Jotned s Trus,
FolarGridLines + Automatic, PolarTicks + *Degr Automatic),
Plotstyle -» Blue, Basestyle -3 AbsoluteThickness(2], PlotMarkers -> Nene,
Flotlabel -> "Erw Smooth Cylinder (T + TE KCS ©)",
InageSite -> 700, BaseStyle -> {FontSize -> 14, FontWeight -> "Bold"),
1 True, Pol + 00, 1]:

62 | D Resaarcn Gaven_Baundty a_phvs_n n

Summary TM + TE Plots

s+ GraphicsGrid(
t . ; i
{RCSEALIRegCyLTHplusTE}), Spacings -> {Scaled[0], Scaled(0])];

Compare (Regular vs Corrugated) Plots

TM, TE, and TM+TE Compare

4~ PRiRCSPolarFlots

Resdatagz), Joined + Trua,

= ("Dagreas”,

[{{ [
+ Automatie,
Plotstyle - (Blue, {Red, Dashed}),
Basestyls -> AbsoluteThickness|2], PlotMarkers -> None, Plotlabel -»

. ™ RCS (=') Smooth Cylinder (Blus) ve Corrugated Cylinder (Red, -
ImageSize -> 700, BaseStyle -> (FontSize —> 14, FontWeight -> "Bold"},
Polarhxes + True, {0, RCssolse)}]

"Ex TE Doss Mot Exist’

Joined + Trus, PolarGridlines -+ Automatic,
PolarTicks - { "Degress”, Autemstic), PlotStyls -» (Blus, {Red, Dashed)],
Basestyle —» AbsoluteThickness[2], PlotMarkers -> Noma,

PlotLabal -> "E: TM4TE RCS (m) Smooth Cylinder (Blue) va
Corrugated Cylinder (Red, --)", ImageSize -> 700,
Basestyle > [FontSize —> 11, FontWeight -> "Bold"}, PolarAxes + Trus,
-0, RCFS0lEal 1]},
[ e

Toined + True, PolasGesaines « Automatic,
PolarTicks + {"Degress”, Autcmstic), PistStyle -» (Blus, (Red, Dashed)),
BaseStyle -> AbsoluteThickness[2], FlotMarkers -> Nons, PlotLabel ->

"E, T™ RCS (=) Smooth Cylindsr (Blus) ve Corzugated Cylinder (Red, --)",
Style > (FontSize - 14, FontMeight -» "Bold"),

PolarAxes - True, ina {0, 1]

ImageSize -» 700, Ba:

[

Joined + True, PolarGridlines + Automatic,
PolarTicks +  "Degress”, Automatic), Plotstyle —» (Blus, (Red, Dashed}],
BaseStyle -> AbsoluteThickness[2], PlotMarkers -> None, Plotlabel ->
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"E; TE RCS (n) Smooth Cylinder (Blus| ve Corrugated Cylinder (Red, -
Imagesize -> 700, Basestyle —» (FentSize -3 14, FentWeight -» "Beld"},
Polarhxes = True, + {0, Max[) 1]

Joinad-+ Foos, DalaseidLiass + dotomabis,
PolarTicks  ("Degreas®, Avtomatic), PlotStyle > (Blus, (Red, Dashed)),
Basestyle -> AbsoluteThickness(2], PlotMarkers -> Wone,
Blottabel > "E, TMTE RCS (=%) Smooth Cylinder {Blue] ws
corrugated cylinder (Res, -7, Imagasize -5 700,
BaseStyle -> {FontSize -> 14, FontWeight -> "Bold"}, FolarAxes + True,
! Iy i

fu I : »
Joinad s Teve, PolacGridLines « Rutomatic,
PolasTicks + ("Degress”, Autematic), PletStyle - {Rlus, (Red, Dasked)),
BaseStyla - AbsoluteThickness(2], PlotMarkers -> Mons, PlotLabel ->
"2, ™ B8 (m') Smeath Cylindsr (Blua) ve Corrugated Cylindes (Red, —-)"
magesiza -» 700, EsseStyle -» (FemtSiza -» 14, Fontueight -» "Seld'},
+ (0, man( 1]

PolarAxes + Trus,

Joined + True, PolarGridiines + Automatic,
PolarTicks + {"Degrees”, Autamatic), PlotStyle -> {Blus, {Red, Dashed}],
Basestyle > AbsoluteThickness(2], PlotMarkers -> Wone, PlotLabel -
"E, TE RCS (n') Smooth Cylinder (Blus) ve Corrugated Cylinder (Red, -
ImageSize -> 700, BaseStyls -> (FentSize -> 14, FentWeight -> "Bold"},
Polarhxes = Trus, in- {0, Max; ]

Joined True, PolarGzidLines = Automatic,
Palarticks 4 ("Degraes”, Automatic), PlotStyle > (Blus, (Red, Dashed)),
BaseStyle -> AbsoluteThickness(2], PlotMarkers -> Wone,
Plotiabel - "E, TMTE AGS (%) Swooth Cylinder (Biue) va
Cerrugated Cylinder (Red, --)", ImageSize —> 700,
Basestyle -> (FontSize -> 14, FontWeight -> "Bold"}, PolarAxes - Trus,
i 10, 1]

{ListPolarPlot [{RCSdataEregeylT™HALL, RCSdataERLL},
Joined 4 True, PolarGridLines + Automatic,
PolarTicks + ("Degrees®, Autamatic), PlotStyle -> {Blue, {Red, Dashed)},

Bt Mk s S e
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BaseStyle -> AbsoluteThickness[2], PlotMarkers -> Nona,
PlotLabel —> "Erwsi TM RCS (n°) Smooth Cylinder (Blue) ve

Corrugated Cylinder (Red, --)", InageSize - 700,
sstyls - (FontSize -+ 14, FontWeight —> "Bold"), PolarAzes + Trus,
-0, 1, nessolEall]}]
1 [ 1 1)

Joined + True, Polarcridiines + Autematic,
PolarTicks « ( "Degress”, Autematic), PlotStyle -» (Blue, (Red, Dashed)),
Basestyls -> AbsoluteThickness[2], PlotMarkars > Nona,
Plotlabel -> "Bxma TE RCS {n®) Smooth Cylinder (Blue) ve

Corrugated Cylinder (Red, —-)", Inagesize - 700,
BaseStyle -> [FontSize -> 14, FontWeight -> "Bold"), Polarhxes + True,
1, RCSSoLEALL]}]

+ (0, Max{RCSSol

[ 1, RCSdataEALL},
Joined + Trus, PolarGridlinas + Automatic,
PolarTicks « { "Degrees”, Autcmatic), PlotStyle -» (Blue, (Red, Dashed)},
Basastyle -> AbsolutsThickness[2], PlotMarksrs -> Noma,
FlotLabel -> "Eu TMeTE RCS (a) Smooth Cylinder (Slue)

w8 Corrugated Cylinder (Red, --)", Imagesize -» 700,
BaseStyle -» [FontSize -> 14, FontWeight —> "Bold"), PelarAxes + True,
-0, 1, esso1za11])]

1
H

wi- Export[ToStri

b ). PhiRCSPolarplots)

Changing Phi RCS dB Polar Plots

Corrugated Cylinder Plots

Plot Ez

i, = u Joined » True,
PolarGridlines » Automatic, PolazTicks » {"Degrees”, Autcmatic)
Plotstyle -> (ked, Dashed), BaseStyle -> AbsoluteThickness[2],
PlotMarkers -> Nons, PlotLabel -> "E, Corrugated Cylinder (RCS dBism)",
magesize -» 700,
Palarixes - Trus, igina (0, 1 14

ostyle -> (FomtSize -» 14, FontWeight -> “Beld*),
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Erho (TM RCS)

ween - Joined + True,
PolarGridLines + Automatic, PolarTicks -+ {"Degress”, Autcmatic)
PlotStyle -> Blus, BaseStyle -> AbsoluteThickness[2], PlotMarkers -> Nom
PlotLabel -> "E, Smooth Cylinder (TM RCS dBsm)", ImageSize -> 700,
o14"}, Bolarhxes + Trus,

Plot Erho

= Joined - True,
- Autonatic, + {"Degre
BlotStyle -> (Red, Dashed), BaseStyle -> AbsoluteThickness[2],
PlotMarkers - None, PlotLabel -> "E, Corrugated Cylinder (RCS dBsm)”,
ImageSize -» 700, BaseStyle -> {FomtSize -» 14, FomtWeight -» "Bold"),
Polaraxes 4 Trus, PolarAxesOrigin + (0, Max[Abs[10+ Logle[Acesslerha]] ]} 7

Basestyle -» (FontSize -» 14, FontWeight ->
<10, nn;

Plot Ephi Ephi (TM RCS)

- ListPolazEl i Joined + Trus,

- ListBolark idB, Joined +Trus

PolarGridiines « Automatic, PolazTicks » ("Degrees”, Automatic),

PolarGridlines + Autcmatic, PolarTicks + {"Degress’, Automatic)

Plotstyle -» (Red, Dashed), BaseStyle > AbsoluteThickness[2], Plotstyle -» Blue, BaseStyle -» AbsoluteThickness[2), Plocwarkers -» one,
PlotMarkars -> Nona, PlotLabal -> "E, Corrugated Cylinder (RCS dBam)”, Plotiabal -> "E, Smooth Cylinder (TM RCS dBsm)", Imagasiza -> 700,
Inagesize -» 700, Basestyle -> {FomtSize -» 14, Fomtweight —> "Bold"), Basestyle -> (Fontsize -»> 14, FomtWeight -» "Bold"}, PolarAxes + Trum,
Polaraxes + True, PolarAxesOrigin + (0, Max[Aba (10 + Loglt [RCSSolEpha]] ]} ¢ PolarAxesOrigin -+ {0, Max[Aba[10 + Logl0[ROSSe1EphiregeylT]]] )] ¢

Plot EAIl EAll (TM RCS)

istralarel 1d8, Joined 4 Trus,

Licorrds = 1ds, Joined +Trua,

PolarGridlines » Autcmatic, PolarTicks -+ {"Degrees”, Automatic),

Plotstyle -» Blue, Basestyle -3 AbsoluteThickness(2], PlotMarkers -> None,
Plotlabel -» "Eyu: Smooth Cylinder (TM RCS dBem)”, ImageSize -> 700,
Basestyls -» (FontSize -> 14, FontReight -» "Bold"}, Polarhxes - Trus,
PolarAxesOrigin- {0, Max[Abs[10 x Logl0[ RCSSc1Bzeqey1THALL]]] }] 1

PolarGridLines + Automatic, FolarTicks - ("
Plotstyle —» (Red, Dashed), Basestyle -> AbsoluteThickness[2],
FlotMarkers -> None, PloklLabel -> "Ex.. Corrugated Cylinder (RCS dB
InageSize -» 700, BaseStyle -> (FontSize -> 14, FontWeight -» "Bold"],
PolarAxes -+ True, PolarkcesOrigin + (0, Max[Aba[10 « Logl0 [RCSSo1EAIL]] ]} ¢

Summary Corrugated Cylinder Plots Summary TM Plots

i . 3 . (RCSEALLCorzdB}} 5 (1 1 ]
Spacings -> (Scaled[0], Scaled[0])]; {RCSEA11RegCylTMAR}}, Spacings -> {Scaled[0], Scaled[0]}]:
Smooth Cylinder Plots - TM Plots
Ez (TM RCS)
- Joined + Trus,

Folarcridiines + 1 "

Plotstyla -> Blu estyls -> AbsolutaThickne:

PlotLabel —> "E, Smooth Cylinder (Ti RCS dsm) , Imagasize > 700,

BaseStyle —> [FontSize -> 11, FontWeight —> "Bold"}, PelarAxes -+ Teu
+ 10, Max[Abs[10+ mi

[2], PlotMarkers -> Nons,
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Smooath Cylinder Plots - TE Plots Smooth Cylinder Plats - TM + TE Plots

Ez (TE RCS) - DOES NOT EXIST Ez (TM + TE RCS)
Erho (TE RCS) o - Joined + True,
PolarGridLines -+ Autcmatic, PolarTicks - {"Degrees”, Automatic),

Listeolarplot( Soined + Trve, Plotstyle -> Blus, Basestyls -» AbsoluteThickness(2], PlotHarkers -» None,
PolarGridLines = Autcmatic, PolarTicks = {*Degre ", Automatic), PlotLabel -> "E. Smooth Cylinder (TM .« TL RCS dBsm) ", ImageSize -> 700,
Plotstyla > Blua, Basastyls -3 AbscluteThickness[2], PlotMarksrs -> Nana, Basestyle -> (FontSize -> 14, Fonteight -» "Bold"}, Polarkxes = Trus,
Plotiabel > "R, Smooth Cylinder (TE RCS desm) ", InageSize - 700, {0, Max[Aba[10+ i
Basastyle -» (FontSiza > 14, FORSWSAGNT > "Bold'), PelarAxes s Tru

+ (0, Max[Aba[10+ s Erho (TM + TE RCS)
Ephi (TE RCS) 4L Sutoad o Trot,
PolarGridlines + Autcmatic, PolarTicks + {"Degress”, Autcmatic),

Plotityle -» Blue, Baseltyle -> AbsoluteThickness(2], PlotMarkess - None,
RS dBam} *, ImageSize -> 700,

=14 Joined + True,
e, PlotLabel -> "E, Smooth Cylinder (T .
BasaStyle -» (FontSize -» 14, Fontheight -» "Bold'}, PolarAxes + Trus,

PolarAxesOrigin = {0, Max[Aba[10 + Log10[ RCBS0lErhoregey  THplusTE] 1]} ;

PolarGridines + ic, Polarricks -+ (*Degr
PlokStyle -> Blus, BaseStyle -> AbsoluteThickne:
PlotLabel —» "E, Smooth Cylinder (TE RCS dBam) ", InageSize —> 700,
BaseStyle -> (FontSize -> 14, FontWeight -> "Bold"), Polachxes = True,
= (0, Max[Abs[10~ m Ep

[2], PlotMarkers -> Nena,

(TM + TE RCS)

EAll (TE RCS) = aeined + True,
PolarGridlines + Autcmatic, PolarTicks + { "Degrees”, Automatic),

Plotstyle -» Blue, Basestyle -; AbsoluteThickness(2], PlotMarkers -> Non

Plotiabel -» “E¢ smooth Cylinder (TM . Ti RCS dBsm)*, Imagesize - 700,

[2], PlotMarkers -> Nene, Basestyls -> {FontSize -> 14, FontReight -> "Bold"}, PolarAxes - Trus,

ImageSize - 700, PolaraxesOrigin -+ (0, Max[Abs [10 + LoglO[RCSSelBphiregeylTipluste] ] )]

BCSEAL - ListPolazPlot] Joined+ True,

PolarGridLines + Automatic, PolasTicks + {“Degrees”, Automatic),

PlokStyle -» Blus, Basestyle -> AbsoluteThickne:

Bloblabel -» "Exes Smooth Cylinder (I RCS dism) "

Basestylas -5 (FontSiza -3 14, FontWeight -» "Bold'), PolarAxss + Trus.
= (0, Max[Abs[10 1111101 EAll (TM + TE RCS)

. mesEaL -1 148, Joined -+ Trve,

Summary TE Plots
PolarGridiines + Autcmatic, PolesTicks -+ {"Degress”, Autcmatic) .
Blotstyla -> Blus, Baseltyle -» AbsoluteThicknass[2), PlotMackers - Mone,

TRAB), (RCSEAL 3o

PlotLabel -> "Era Smooth Cylinder (TM + TE RCS dBsm)", ImageSize -> 700,
Basastyls -> {(FontSize -> 14, FontBeight -> "Bola’}, PolarAwes -+ Trus,
PolarAxesOrigin = {0, Max[Aba[10 » Logl0[ RESSalEregeyl TMplusTEALL]]] }];

Spacings -» (Scaled[0], S=alad[0])];
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Summary TM + TE Plots

*- GraphicsGridl
@ . .
[RCSEALIReqCy 1 THpLusTEAR)}, Spacings -» [Scaied[D], Scaled[01}]:

Compare (Regular vs Corrugated) Plots

TM, TE, and TM+TE Compare

- PhiRCSdEPolarPlots =
I} Larelor
Joinad 4 Trus, POlATGTidLines + Automatic,
PolarTicks + ("Degrees”, Automatic), Plotstyle -» (Slue, (Red, Pashed)],
BassStyls > AbsoluteThickness(2], PlotMarkers —> Wons, PlotLabel —>
“B: T RCS (d@sm) Smooth Cylinder (slus) va Corrugated Cylinder (Red,
ImageSize —> 700, BaseStyle -> {FontSize -> 14, FontWeight -> "Bold"},
Polarhxes + True, PolarAxesorigin +
{0, Max[Abe[ 10+ LoglO[!

1. Mbs[10+ 1221711
"E, TE Doas Not Exist"

PalarGridiines + Automatic, PolarTicks - ["Dagrass”, Autematic),
Style -» Absoluterhickness[2],
Plotsarkars -3 Nona, Plotiabel -> "E. TMTE RCS (dBam) Smooth
Cylinder {Blue} va Corrugated Cylinder (Red, —-)",
Imagesize -> 700, BaseStyle -> {FentSize -> 14, FontWeight —»
PolarAxes - True, FolacAxesOrigin- (0,
Max[Kbs (10 +

Plotstyla - {8lus, (Red, Dashed}), Sas

014"},

1. Abs(10+ nmn.

It T

Joined+ True, PolarGridLin
PolarTicks + {"Degrees”, Autamatic), PlotStyle -> {Blue, {Red, Dashed) ),
BassStyls -» AbscluteThickness[2], PlotMarkers -» Nons, Plotlabel -
"E, TH RCS (dBam) Smooth Cylinder (Blue) va Corrugated Cylinder (fed,
magesize -> 700, Basestyle -» (Fentsize -> 14, Fontweight - "Beld’},
Polarhxes + Trus, PolarixesOrigin-
(0, Max(ABa[ 10+ 1og10[]

+ Rutomatic,

Aba[10+ 1

Joined + True, PolarGridLines + Rutomatic,
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PolarTicks + {"Degress”, Automstic), PlotStyls -» (Blus, (Red, Dashed)),
BaseStyle -» AbsoluteThickness[2], Plotharkers -> Nons, PlotLabel ->

E. TE RCS (dSsm) smooth Cylinder (alue) vs Corrugated Cylinder (Red,
Imagesize > 700, BaseStyle -» (TontSize -> 14, TontWeight -» "Bold"},
Polaraxes + True, PolarAxesorigin +
10, Max[Aba[10 + Log10]

], Abs[104 1Eho]113]

© Joined - True,

-+ Automatie, -+ {"Degrees”,

BlotStyle -> (Blue, {Red, Dashed)], BaseStyle -> AbsoluteThickness(2],

PlotMarkers -> None, PlotLabel -» 'E, TM:TE BCS (dBam) Smooth
Cylinder (Blue) vs Corrugated Cylinder (Red, --}",

ImageSize -> 700, Basastyls -> (FontSiza -> 14, FontWeight -> "Bald"),

Polarkzes + Trus, PolarAxesdrigin + (0,

. Aba[104 11

i P
Joined + True, PolarGridLines + AULosatic,
PolarTicks + { "Degrees”, Autematic), PlotStyle —» (Blue, {Red, Dashed)],
BaseStyle -> AbsoluteThickness[2]. PlotMarkers -> Nene, PlotLabal ->

"Es T KCS (dBem) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red,
ImageSize -> 700, BassStyle -» {FontSize -> 14, Font

ight -> "Bold"},
Polarhzes + Trus, PolarAzesOrigin +
[0, Max[Abs[10 » LoglO[

1, Abs[10 enill1)]

Joined + True, FolarGridLines + Autosatic,
PolarTicks - { "Degrees”, Automatic), PlotStyle

> (Blue, (Red, Dashed}],
Bassstyls -> AbsolutsThicknsss|2], PlotMarkers -3 Nona, Plotiabel -

"Es TE RCS (dBsm) Smooth Cylinder (Blua) vs Corrugated Cylinder (Red, --}".
Imagesize —> 700, BaseStyle -» (FontSize -> 14, FontWeight -»> "Bold"},
Polarhxes + True, BolarAxesOrigin -+

10, Max [Abs[10 « Log10[ 1, Abs[10« Bphi]110]
Ree Joined 4 Trus,
- icks = [“Degrees’, A 2

PlotStyle => (Blue, {Red, Dashed)], BaseStyle -> AbsoluteThickaess(2],

ElotMarkezs -> Nome, Plotlabel -» "Ey TMeTE RCS (dBsm) Smocth
Cylinder (Blue) va Corrugated Cylinder (Red, --)",

magesize -> 700, Basestyle -> (FontSize -> 1

PolarAxas + Trus, PolarAxssorigin - (0,

Foncwaight -» 'sold"),

1. Abs(104 111
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{ListPolarPlot | {RCSdatsEregeylTMALLdB, RCSAAtaEALLdB), Joined - True,
PolazGridiines - Automatic, PolarTicks -+ {"Degress”, Autematicl,
PlotStyle -> {Blue, (Red, Dashed}), BaseStyle -» AbsoluteThickness[2],
PlotMarkara > Mome, Plotiabel -> “Eras TM RCS (d8am) Smooth

Cylinder (Blua} va Corrugated Cylinder (Red, --),
magesize -> 700, Basestyle —» (Fentsisze -> 14, Fontweight - "Beld"},
Polarhxes + Trus, PolarixesOrigin
(0, Max(ABa[10+ Logio[;

Aba[10+ 110

a + Joined- True,
PolarGridlines » Automatic, PolarTicks + {"Dagrees”, hutomatic),
Pletstyla -> (Blue, (Red, Dashed}), BaseStyle -> AbsoluteThickn
Blotiarkers -> None, Plotlabal => “Erus TE RCS (dBsm) Smooth
Cylinder (Blue} va Corrugated Cylinder (Red, --)",

Imagesize -3 700, BassStyls -> {FoatSize -3 14, FontWeight -> "Bold'},
Polarhxes = Trus, PolarixesOrigin -+

(0, Max{ABs[10+ Laglo[

12].

117, Abs[10+ 1=A11)11))

2a8), Jotned + Trus,
PolarGridiines + Automatic, PolarTicks + {"Degrees”, Autematicl,
PlotStyle -> (Blve, (Red, Dashed}), BaseStyle -» AbsoluteThickn
PlotMarkers - Nome, Plotiabel - “Brea THATE RGS (dBam) smooth
Cylinder (Blue) va Corrugated Cylinder (Red, --)",

Imagesize -> 700, Basestyle -» (FontSize -> 14, FentWeight - "Beld"},
Polarhxes » True, PolarhxesOrigin= {0,

‘Max Abs (10 + Logl0[RCSSolEregey1THplusTERLL]] , Kbs[10 + Logl0[RCSSo1EA11]]])]

121,

Changing Phi RCS dB XY Plots
Corrugated Cylinder Plots

Plot Ez

Bt Mk s S e
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PlotRange -> ({0, 2Pi), {Min[10a 11, max[10e 0.
Plorstyle -» (Red, Dashed), Basestyle -5 Absolutethickn

=121,

PlotMarkers -» Nona, Plotlabel -> "E. Corrugated Cylinder (RCS dmam)”,

Frame -> True, Framelabsl -> {"¢", "RCS (dBsm}"},

Gridlines -> {{{P4, {Thick, Gray, Dashed)}), Automatic), Background -> White,
ImageSize -» 700, BaseStyle -> {FontSize -» 14, FontWeight -> "Beld")];

Plot Erho

(10, 274), {Min[104
Plotstyle -> {Red, 2],

PlotMarkers -> Nona, PlotLabel -> "L Corrugsted Cylinder (RCS dlism)",
Frame -» Trus, Framelabel -> {"d", "RCS (dBsm)"),
Gridlines -> {{{Pi, (Thick, Gray, Dashed]}), Automatic), Background -> Whits,
ImageSize -» 700, BaseStyle -> (FontSize -» 14, FontWeight -> "Bold")];

.

shed), BaseStyle -> AbsoluteThick

Plot Ephi

- PlotRange ->
(10, 2p4), {min[104 111, Max[10+ 111,
Flotstyle -> (Red, Dashed), BaseStyle -> AbsoluteThickness[Z],

PlotMarkers -> Nome, Plotlabel -> "B Corrugated Cylinder (RCS dusm)®,

", "RES (dBam)"},

Gridiines -» ({{P4, (Thick, Gray, Dashed)}), Automatic), Background -» White,
ImageSize -> 700, BaseStyle -> {FontSize -> 14, FontWeight -> "Bald"}];

Frame -> True, Framelabel -> {

Plot EAIl

- PlotRange ->
(0, 274), {Min[104 1)), Max[104 0.
PlotStyle -> {Red, Dashed), B

PlotMarkers -> None, Plotlabel -> "Er,s Corrugated Cylinder (RCS dBsm)”,

Frame -> True, FrameLsbel -> {*$", "RCS (dBem)"),
GridLines -» ({{P4, (Thick, Gray, Dashed)}), Autcmatic), Sackground -> Whita,
magesize -» 700, masestyle -> (Fentsize -» 14, Fomtweight -> “Beld")];

Summary Corrugated Cylinder Plots

£ 0 §

{ReSEALlCorrdexy)}, Spacings -> (Scalsd[0], Sealed[0]}]F
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Smooth Cylinder Plots - TM Plots

Ez (TM RCS)

- - ListLi, Plotkange -» ({0, 29i),
{Min[10 + Logl 1)), mam[10 m.
Flotstyle -» Slue, EaseStyle -> AbsoluteThickness[2],
> Mane, Plotlabel -> "E, Smooth Cylinder (TM RCS dB

PlotMarkers

Frame -> True, FrameLabel -> (“¢*, "RCS (dEsm)©),
Gridlines -> {{{Pi, (Thick, Gray, Dashed}}), Automatic), Background -> Whita,

Imagesize -> 700, Basastyle -» {FontSize -» 14, FontWeight -> "Bold™)];

m

rho (TM RCS)

" = PlotRange -> {{0, 2P4},
(min[10 « Togl 1, max[i0s M,

PlotStyle -> Blue, BaseStyle -> AbsoluteThickness[2],

PlotMarkers -> Nome, Plotlabel -3 "E, Smooth Cylinder (TM RCS dBem)",

Frame -> True, FrameLabel -> ("¢", "RCS (dBsm)"},

Gridiines -» {{{Pi, {Thick, Gray, Dashed}}}, Autcmatic) Background -> White,

InageSize -» 700, BaseStyle -» {FontSize - 14, FomtWeight -> "Bold")];

Ephi (TM RCS)

i - s 1mds, PlotRangs -> {(0, 2Pi},
(Min[10 + Log) 1. Max(10 ",
Plotstyle -» Blus, BassStyle -3 AbsoluteThickness(2] .

» Mone, Plotlabel -> "E, Smooth Cylinder (T RCS dB
s -5 Trus, Pramsiabel -> RCS (dBam)®),
GridLines -» (((P4, (Thick, Gray, Dashed}}), Automatic), Background -> White,
Inagesize —» 700, BaseStyle —» (FontSize —» 11, FontWeight -> "Bold™)];

BlotMarkers

EAIll (TM RCS)

1 = Plotmange <> ({0, 2Fi),
{Min[10 & Togt! 1, Max[10a mn,
Plotstyle —» Blue, Basestyle -» AbsoluteThickness[2], PlotMarkers -> Nene,
PlotLabel -> "Ezey. Smcoth Cylinder (TM RCS dBsm)”,
Frame -> Trus, FraseLabel -> {"¢", "RCS (dBsm}"},
Gridlines -> ({{Pi, (Thick, Gray, Dashed}}), Automatic) Background -> White,
InageSize -» 700, BaseStyle -» {FomtSize -» 14, FontWeight -» "Bold")];
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Summary TM Plots

e (i :

{RCSEAL1ReqCylTMABxy} ) , Spacings -> (Scaled(0), Scaled(0])]:

Smooth Cylinder Plots - TE Plots

Ez (TE RCS) - DOES NOT EXIST

Erho (TE RCS)

v 1 PlotRange -> {(0, 271],
ain{10 TE)), Max{104 .
PlotStyle -> Blue, BaseStyle -> AbsoluteThicknees(3],
PlotMarkers -> Noms, PlotLabel -> "E, Smooth Cylinder (TE ACS dBsm)®,
Frame - True, FrameLabel -» {"¢", "RCS (dBem)"),
GeidLines -» ({{Pi, (Thick, Gray, Dashed)})), Autematic), Backgrouwnd -» White,
Imagesize -> 700, BaseStyle -> {FontSize -» 14, FontWeight -> "Bold")];

Ephi (TE RCS)

+ ListLi PlotRange -> ([0, 22i].
(min(10 1, Max[104 h.
Flotstyle -» Blue, Basestyls -» AbsoluteThickness[2),
PlotMarkers -> Nome, PlotLabel -> "R, Emeoth Cylinder (TE RCE dBsm)”,
Frame > Trus, Framelabel -> ('3, "RCS (dfism)"),
Gridiines -» ({(Pi, (Thick, Gray, Dashed)}), Automatic), Background -> White,
ImageSize -> 700, BaseStyle -> {FontSize -> 14, FontWsight -> "Bold")];

EAll (TE RCS)

inepl 1148, PlotRange -> {(0, 221},
(Min (10~ 1)), wax(10+ n1H.

Plotstyle -» Blus, Basestyle -3 AbsoluteThickness(3], PlotMarkers -» Hone,

Plotlabel -» "Ersa: Smooth Cylinder (TE RCS dBsm)*,

Feame -> Teue, FrameLabel -> (*4", "RCS (dBsm)"),

Gridlines -» {{{Pi, (Thick, Gray, Dashed}}}, Rutcmatic], Background -> White,

Imagesize -» 700, BassStyls -> {FontSize -» l4, FontWeight -3 "Bola")
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Summary TE Plots

(ResmAllRegeylTEduxy}), Spacings -> (caled[0], Sealed[0])];
Smooth Cylinder Plots - TM + TE Plots

Ez (TM + TERCS)
PlotRange -> ({0, 2Pi}, {Min[10+LeglO[RCSSelEzregoylTMplusTE] ],
Max[10 + Log10[RCSSo1Bsregey 1 THEIUSTE] 1} ], Plotstyle > Blue,
BaseStyle -» AbsoluteThickness[2], PlotMarkers - Hone,
PlotLabel -> "E, Smooth Cylinder (TMsTE RCS dBam)",
Frams -> Truas, FramsLabel -> {"#", "RCS (dBsm)"},
GridLines -» {{{Fi, {Thick, Gray, Dashed}}), Automatic), Background -> White,
> 14, PontWeight -» "Bola")]

ImageSize -» 700, BaseStyle -» {FontSiz

m

rho (TM + TE RCS)

PlotRange -» ((0, 2P4), {Min[10+Log10|ACSSelErhoregey] THpluaTE] ],
Max[10 a Log10[RGSSe1EFhoregeylTHElusTE] 1)}, Pletstyle -» Blue,
BaseStyle -> AbsoluteThickness[2], PlotMarkers -> None,
PlotLabel -» "E, Smooth Cylinder (TH:TE RGS d@Bem) ",
Frame -> True, FrameLabel —» ("$%, "RCS (dBem}®),
Gridlines -> {{{PL, (Thick, Gray, Dashed}}), Automatic), Background -> White,
Inagesize -» 700, BaseStyle > (FontSize -» 14, FontWeight -» "Beld™)];

Ephi (TM + TE RCS)
Plothange -» ({0, 2P4), {Min[10+Logl0|ACSSolEphizegeyl THplustE] ],
Max[10 » Logl0[ RCSSolEphiregeyl T™MplusTi] ] )}, PlotStyle -» Blue,
Basastyle -> AbsolutaThicknass[2], PlotMarkare -> Hone,
Plotiabal -» "Es Smscth Cylindes (TMATE BOS dBem”,
Prane - Trua, Framslebel -» ("¢%, *ACS (dBame),
Gridlines -» ([{Pi, (Thick, Gray, Dashed)}), Automatic), Background -> White,
ImageSire -» 700, BaseStyle -» {FontSize -»> 14, FomtWeight -> "Bold®)];
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EAIl (TM + TE RCS)

4~ RCSEAL - 1ae,

Elotiangs - ({0, 2Pi), [Min[10s Logl0[REsSolEregeylMplusTaall]],
Max[10 + Logi0 [RCSS01Eregey L TMplUSTEALL]] |}, Plotstyle > Biua,

Basestyle -» AbsoluteThickness(2), PlotMarkers —> Wone,

Plothabel -3 "Erua Swooth Cylinder (TM:TE ACS dBem)”,

Frame -> True, Framelsbel -> {"¢", "RCS (dBam)"},

Gridiines -> {{{P1, (Thick, Gray, Dashed)}], Automatic), Background -> Whits,

Imagesize -» 700, BaseStyle -» (FentSize —» 14, FontWeight > “Beld")

Summary TM + TE Plots

- 5 o i f
{ 0 (ResEAL 3,

Spacings -» {Scaled[0], Scaled[0]]];
Compare (Regular vs Corrugated) Plots

TM, TE, and TM+TE Compare

“|- PRATCSABKYPLots =
h | Plotrange -
140, 2P4), (Min[104 L 10w .
Max[10+ L0 11}, Plotiabel -»
E. ™ RCS (dem) smooth Cylinder (Blue) ve Corrugated Cylinder (Red, —-}",
Imagesize -> 700, BaseStyle -> (FontSize -> 14, FontWeight -> "Bold"}]

"Bz TE RCS dB Doss Not Exiet”

Show] , ®lotRange -»

(19, 2p1), (aal L 10s
Max[10 + L1041 0

Plotlabel -> "E. TMeTE BCS (dBam) Smooth Cylinder (Blue)
va Corrugated Cylinder (Red, 1",

Inagesize -> 700, BaseStyle -» (FontSize -> 14, TontWeight -» "Bold"}]
1
{Show| [RCSErhcRegCy] THdBxy, RCSErhoCorrdBxy}, PlotRange ->

(40, 2B4), (Min[10+ L 104 1
Max[10+ L 10. 13}, PlotLabel
., ™M RCS (aBsm) Smosth Cylinder (Blus) va Corrugated Cylinder (Red,
Fontweight > 'Beld")]

Imagesize -> 700, BasaStyle -» (FontSize -> 1
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‘Show[ (ACSErhoRagCyl TEdBxy, RESErhoCorrdBxy), PlotRange ->
(00, 274}, {(min[104 L 100 9
Max[10 EtH 111, Plottabel ->
“E. TE RCS smooth Cylinder (Blue) ve Corrugated Cylinder (Red, —-}°,
Inagesize -> 700, BaseStyle -> (FentSiza -> 14, FentWeight -> "Beld"}]

Showl{ . PlotRange -> {{0, 21}
(uin[104 L 10+ Loglo[ 1
Max[10+ . 10 Loglo[] 1

Plotlabel -> "E, TM.TE RCS (dBsm) Smooth Cylinder (Blue)

vs Corrugated Cylinder (Red, --)7,
Imagesiza -3 700, BasaStyls -; (FontSiza -3 14, Fontheight > "Bala'}]

{Show| (ResEphizegeylimdexy, RCdEphicorsdixy), PlotRangs -»
(0, 274}, {(MIn[104Logl0[RCSSo1EPhiTAgeyITM], 104 LogLo[RCSSOLEDRL]]

Max[10 1100 hil]}), Plotiabel ->

"E, TM RCS (dBsm) Smooth Cylinder (Blus) vs Corrugated Cylinder (Red,

ImageSize -3 700, BaseStyls -> {FentSiza -> 14, FontWeight —» "Beld"}]

‘Show[ {RCSEphiRegCy1TEdExy, RESEphiCorrdixy) , PlotRange -2
{00, 284}, {Min[10+Logl0[RCSSolEphizegeylTE], 10+ Logl0[RCSSolEph] ],
Max[10+ L 10s 11}, PictLabel -:
“Eq TE RCS (dBsm) Smooth Cylinder (Blue) vs Corrugated Cylinder (Red,

Imagasize -: 700, BaseStyla -» (FemtSize > 14, Femtheisht —» "Bald}]
show[{ 3 » PlotRange -> ({0, 2Pi},
tuinfic. 10 i
wax 10 , 10+ 1agio[AcsSeLEER]] 1),
Pletlabel -> "E; TM«TE RCS (dBsm) Smocth Cylinder (Blue)
va Corrugated Cylinder (Red,
ImageSize -> 700, BaseStyle -> {FontSize -> 14, FontWeight Bold"}]
|8
{Show[ (RCSEALLRegCy ] THaBxy, RCSEALICorrdBxy) , PlotRangs ->
(o, 285), 11, 10 1,
Max[10+ 1BcegeylnaLl], 105 )
Plotlabel - “Evetar TM RCS (dBsm) Smooth Cylinder (Blue)
va Corrugated Cylinder (Rad, =-)*

nagesize -> 700, Basestyla -» (FontSize -> 14, Fomcweight > "Beld’}]

‘Show[ (RCSEALIRegCy1TEdExY, RCSEALCorrdBxy) , PlotRange —>

7% | PD Resaarcn Gaven_Baunctiy a_phvs_ n

(40, 2p4), (Ma[10+ 1, 10+ 1.
1, 10 U,
Excas TE RCS (dSsm) Smooth Cylindez (slue)
va Corrugated Cylinder (Red, --)",
Imagesize -» 700, Basestyle - (Fontsize —> 14, FontWeight —» “Bold"}]

Show| (ACSERL1RegCy 1TMplusTEdBRy, RCSERLICorrdBay} , PotRangs —» ((0, 294},
{Min[10 + Log1oL: 1. 104 n.
Max [10 + Zogl0 [RCSSe1Ezeqoyl THRLUSTEALL , 10  Log10[RESSG1EALL] ] )},
Plotlabel -> "Exasi THeTE RCS (dBam) Smooth Cylinder (Blue)
vs Corrugated Cylinder (Red, --)",
InmageSize -» 700, BasaStyle -» (FontSize -» 14, FontHaight -» "Bold"}]

RCS dBsm Data Export

mlevalues - (10 . 10+ Laglo(! 3
. L 10 3
104 L0 i
0. L 10. i

wes- tablecolheading =

5 s dson”, s dBam,
RS dBen”, RS dBast,
B amsat));
we- Export( .

. 1

ACSABdatashes

Speak["The polar plots are done"]
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Changing Phi XY Plots
Corrugated Cylinder Plots

Plot Ez (Scattered)

BaCorrS = ListLinePlot[dataEsS, PlotRange -> {{0, 2= Pi], {0, Max[SolEsS]]},
PlotStyle -> (Red, Dashed), BaseStyle > AbsoluteThickness(2],
PlotMarkers -» None, Plotlabel -> "E, Corrugated Cylinder (Scattered Fisld) ",

Frame -> True, FrameLabel -» ("d*, “W/m'},

i

Gridlines -» (({P%, (Thick, Gray, Dashed}}), Automatic), Background -> White,
magesice - 700, Basestyle -» (Fomtsize -» 14, Fontweight —» "Bold")];

Plot Ez (Inc + Scattered)

“n EzCorrSandi - Listlineslot[dataEs,
Plotrangs -> ({0, 24P}, (0, Max[SolEz])}, Plotstyls -> (Red, Dashed),
Basestyle -> AbsolutaThickness[2], Pletmarkers -> Nene,

PlotLabal -> "E, Corrugated Cylinder (Incident + Scattarsd Field)®,

Frame -> True, FrameLabel —> ("¢, "W/m'},

Gridlines -> {{{Pi, (Thick, Gray, Dashed}}), Rutomatic), Background -> White,
Inagesize -> 700, BaseStyle -> {FontSize -> 14, FontWeight -> "Bold™)];

Plot Erho ( Scattered)

o Eshocores =
ListLinePlot[dataBrhoS, PlotRange -> {(0, 2+ Pi), (0, Max[SolEchos])},
PlotStyle -» (Red, Dashed), BaseStyls -> AbsoluteThickness(2],
PlotMarkars -> Hone, Plotlebel -> "E, Corrugated Cylinder (Scattered Field)®,
Prae -> True, PrameLabel -> (76", "W/a'},
GridLines -» {{{Fi, {Thick, Gray, Dashed}}), Automatic), Background -> White,
InageSire -> 700, BasaStyle -» (FontSire -» 14, PontMeight -» "Bald")]

Bt Mk s S e
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Plot Erho (Inc + Scattered)

. ErhoCorrSandl - ListLinePlos[datarhs,
Eloviangs - ({8, 2s%i), (0, Max[solErha]]}, Plotstyle -> (Red, Dashad),
Basastyls -» AbssluteTnickness(2], PiotMarkers - Mom
PlotLabel -» "E, Corrugated Cylinder (Incident + Scattered Field)",

Frame - True, FrameLsbel -> {"4", "Viar),
Gridlines -> ({{P4, (Thick, Gray, Dashed)}], Automatic), Background -» White,
Inagesize -> 700, BaseStyls -> {FontSiza -> 14, FontWsight -> "Bold")];

Plot Ephi (Scattered)

Zphicorss =
ListLinePlot [dataEphiS, PlotRange —> ({0, 2+Pi}, (0, Max[SolEphis])},
Plotstyle -» (Red, Dashed), BaseStyle -> AbsoluteThickness(2],
PlotMarkers -» None, PlotLebel -> "E, Corrugated Cylinder (Scatt
Frams -» Trus, Framalabsl -» ["@", "V/m'),
Gridlines -> {{{Pi, {Thick, Gray, Dashed)}), Autcmatic), Backgzound -» White
ImageSize -» 700, BaseStyle -> {PontSize -» i, FontWeight -> "Bold")]:

od Fiald)",

Plot Ephi (Inc + Scattered)

SphiCorrsand? - ListLinePlot[dataphi,
FlotRange -> {{0, 2+Pi), (0, ax[SolEphi])}, FlotStyle -> (Red, Dashed),
Basestyls -» AbssluteThickness[2), PlotMarkers - Hone,

Plotlabel -» "Ey Corrugated Cylinder (Incident + Scattered Field)",

Frama -> True, Framelabel -> {'4", "Wim'},

Gridiines -» ({(Pi, (Thick, Gray, Dashed)}), Automatic), Backgreund -» Whita,
ImageSize -> 700, BaseStyle -> {FontSize -» 14, FontWelght -> "Bold"}];

Plot EAl (Scattered)

wiii- BALLCOEES = ListLinePlot[dataEAlls,
PlotRange -» {{0, 2+Pi), {0, Max[SolEAL1S]}}, PlotStyle -> {Red, Dashed},
BaseStyle -» AbsoluteThickaess[2], PlotMarkers -» Nen
Plotlabel -» "Eym Corrugated Cylinder {Scattered Field)",
Frame -> True, FramsLsbel -> {*$", "V/a'},
Gridiines -» {{{P, (Thick, Gray, Dashed)}), Autcmatic], Backgzousd -» Whits,
ImageSize -» 700, BaseStyle -> {FentSize -» 14, FontWeight -> "Bold")|;
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Plot EAll (Inc + Scattered)

Listni

PlotRange -» ({0, 24Pi}, (0, Max[SelEAllSandI])}, PlotStyle -> (Red, Dashed),
BaseStyle -» AbeoluteThickness[2], PlotMarkers -> None,

PlotLabel -» "Eyey Corrugated Cylinder (Incident s Scattersd Field)'.

Frame -> True, FrameLabel -» ["$%, “Wn'},

Gridines -» (({P%, (Thick, Gray, Dashed}}), Autcmatic), Background —> Whits
ImageSize -> 700, BassStyle -» (FomtSize -» 14, FontWeight —» "Bold™)];

Summary TM Plots

- GraphicaGrid| ({Ez€orz8, ExCorrSandl), (BrhoforrS, ErhoCorrSandl),
. . (ean 1 )
spacings -> (scaled[0], Sealsd(0]}];

Smooth Cylinder Plots - TM Plots

Ez (TM Scattered)

= ListLineri
PlotRange -> ({0, 24P}, {0, Max[SolEzregcylTMS|]}, PlotStyle -> Blue,
Basestyle -» AbsoluteThickness[2], PlotMarkers -; None,

PlotLabel -> "E, Smooth Cylinder (T Scattered Field)",

Frams - Trus, Framslabsl —: (4%, "W/m'},

Gridlines -> {{{Pi, {Thick, Gray, Dashed}}), Automstic), Backgrousd -> White,
ImageSire -» 700, BasaStyls -» {FontSize -3 14, FontWeight -» "Bald™)];

Ez (TM Inc + Scattered)

Plotrangs - ((0, 2475}, (0, Mam[SelEzzegeyimusandi])},
PlotStyle -> Blue, eStyle -»> AbsoluteThickneas[2], PlotMarkers -> Nena,
Plotiabel -> "B. Smooth Cylinder (TM Incident + Scattered Field)",

rrase -> True, FrameLabel > ("%, “w/m'),

Gridlines -> (({P4, {Thick, Gray, Dashed}}), Automatic), Background -> Whit:
Imagesize -> 700, BaseStyle —> (FontSize —> 14, FomtWeight —> "Bold~)];
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Erho (TM Scattered)

Plotmange -» ({8, 2+Pi), (0, Max[SolErhoregeylTs]}), PlotStyle -> Blue,
BaseStyle -» AbsoluteThickness[2], PlotMarkers -» None,

PlotLabel -» "E, Smooth Cylinder (TM Scattered Field)",

Frame -> True, FramsLsbel -> {*$", "Wim'),

Gridiines -» ({{Pi, (Thick, Gray, Dashed]}), Autcmatic), Background -> Whits
ImageSize -» 700, Style -> (FomtSize -» L4, FontWeight -> "Bold")];

Erho (TM Inc + Scattered)

Plotiange -» ({0, 2+Pi), (0, Max|SolErhoregeylTusandi])},

Plotstyla -> Blua, BaseStyla -> AbsolutaThicknass(2), PlocMarkars -> Wone,
PlotLabel -> “E, Smooth Cylinder (™ Incident + Scattered Field) ",

Frame > True, FrameLabel -> {"é", "V/a'],

Griduines -» ({{Pi, (Thick, Gray, Dashed]}), Automatic), Background -» Whita,
ImageSize -» 700, BaseStyle -> {FontSize -> 14, FontMelght -> "Bold")]:

Ephi (TM Scattered)

PlotRange -» {{0, 2+Pi), {0, Max|SolEphiregeylT™s]}), PlotStyle -> Blue,
Basestyls -» AbscluteTnickaess(2], PlstMarkess - None,

PlotLabel -» "E, Smooth Cylinder (TM Scattered Field)",

Feame -> True, FrameLabel -> (*4", "Via'),

Gridiines -» {{{Pi, (Thick, Gray, Dashed]}], Rutomatic], Backgrousd -» White,
Style -3 (FemtSize -» 14, FontWeight -3 "Bald")|:

Imagesize -» 700, B

Ephi (TM Inc + Scatcered)

FlotRangs -» ({0, 2471), (0, Max|SsiEphirageylTMsandi])l,

PlotStyle -» Blue, BaseStyle -»> AbsoluteThickness(2], PlotMarkers -> Wone,
PlotLabel -» "E, Snooth Cylinder (T Incident + Scattered Field) ",

Frame -> True, Framarabel > ('$", “wm'),

Gridiines -> ({(Pi, (Thick, Gray, Dashed)}), Autematic), Background -> Whits,
Imagesize —> 700, Basestyle -> (FemtSize —> 14, FontWeight > “Beld")];
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EAll (TM Scattered)

EALlRsgCy1THS -
ZistLineplor[datazAllus, BlotRange > ((0, 2+Fi), (0, MaxSelEAlizus]}),
Plotstyla - Blu estyle -5 AbssluteThickneas[2], PlotMarkers -> Neme,
Plotlabel -» "Brea Smcoth Cylinder (TH Scattered Field)",
Frame > True, FrameLabsl -> (6", "V/m'},
Gridlines -> {{{Pi, {Thick, Gray, Dashed}}}, Automatic), Background -> White,
Inagesize -> 700, BaseStyls -> (FontSiza -> 14, FontWeight -> "Bold"}];

EAIl (TM Inc + Scattered)

- - 1THSand,
PlotRange —> ({0, 24P}, [0, Max[SolEALITMSandI]]}, PlotStyle -> Blue,

-» KbsoluteThickness[2], PlotMarkers -> None,

=5 "Eqy Smoocth Cylinder (TM Incident + Scattered Pield)”,

Trse, Pramslabel -» ("8", "W/m'},

=> {{{Pi, (Thick, Gray, Dashed}}), Rutomatic), Background -» Whit
ImageSize -» 700, BaseStyle -» {FontSize -» 18, FontWeight -» "Bold")]

Summary TM Plots

1dry 3

. (eAL a1 b

spacings -> (8caled[0], Scaled(0]}]:

Smooth Cylinder Plots - TE Plots

Ez (TE Scattered)

PlotRange -» ((0, 2+Pi}, (0. Max[SolErregeylTEs|)), PlotStyle -> Blue,
Basastyle -» AbsoluteThickness[2], PlotMarkers -» Mone,

PlotLabel -> "E, Smooth Cylinder (TE Scattered Field)",

Fraze -> Trus, Framelabel -» ("6%, "Wa'},

Gridlines -» ([{P%, (Thick, Gray, Dashed}}), Automatic), Background -» White,
> (FontSize -» 14, FontWeight -> "Bold")];

magesize -» 700, BaseStyle

Bt Mk s S e
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£z (TE Inc + Scattered)

\co|. EfRegCYlTESandl - ListLinePlot [dataErrageylTESandr,
Eloviangs - ({0, 24%i), (0, wax[SolEsrageylTEsandr])},
Plotstyls -> Blue, Basastyls - AbsoluteFhicknesa(2], PlotMazkara -> Wom
Plottabel -» "E, Smooth Cylinder (TE Incident + Scattered Field) ",
Frame - True, FrameLsbel -> {"4", "Viar),
Gridlines -> ({{PL, (Thick, Gray, Dashed)}], Automatic], Background -» White,
Inagesize -> 700, BaseStyls -> {FontSiza -> 14, FontWsight -> "Bold")];

Erho (TE Scattered)

PlotRange > ({0, 2+Pi], (0, Max|SolErhoregeylTES]}), PlotStyle -> Blue,
Basestyls -» AbssluteThickness(2], PlotMarkers -> Nene,

PlotLabel -> "E, Smooth Cylinder (TE Scattered Field)",

Frams -» Trus, Framalabsl -» ["@", "V/m'),

Gridlines -> {{{Pi, {Thick, Gray, Dashed)}), Autcmatic), Backgzound -» White
Style -> (FontSize -> 14, FontWeight -> "Beld"}];

ImageSize -» 700, B

Erho (TE Inc + Scattered)

FlotRange -» ({0, Z+Pi), (0, Max|SolErhorageylTaSand])},

Plotstyle > Blue, Basestyle > AbsoluteThickness[2), PlotMarkers -> Mone,
PlotLabel -» "E; Smooth Cylinder (TE Incident + Scattered Field) ",

Frame -> True, Framatabel -> {"d", "Wim'),

GridLines -» ({{Pi, (Thick, Gray, Dashed}}}, Automatic), Backgreund -»> White,
ImageSize -> 700, BaseStyle -> {FontSize -> 14, FontWelght -> "Bold"}];

Ephi (TE Scattered)

s 158 = ATES,
PlotRange -» {{0, 2+Pi), {0, Max|[SolEphiregeylTES]}), PlotStyle -> Blue,
BaseStyle -» AbsoluteThickness[2], PlotMarkers -» Neme,

Plotlabel -» “E, Smooth Cylinder (TE Scattered Field)",
Frame -> True, FrameLsbel -> {*$", "V/a'},
Gridiines -» {{{P, (Thick, Gray, Dashed)}), Autcmatic], Backgzousd -> Whits,

Style -> {FontSize -» 14, FontWeight -> "Bold")|;

Imagesize -» 700, B:
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Ephi (TE Inc + Scattered)

PlotRange -» (0, 2aPi], (0, Max[SolEphiregeylTESandr]}),

FlotStyle -» Blue, BaseStyle -> AbsoluteThickness[Z], PlotMarkers -> None,
PlotLabel -» "E, Smooth Cylinder (TE Incident + Scattersd Pield)".

Frazme -> True, FrameLabel -» ["§%, "Wn'},

Gridlines -» (({P%, (Thick, Gray, Dashed}}), Autcmatic), Background -> Whits,

ImageSize -» 700, BasaStyls —: {FontSize -» 14, FontWsight —» "Beld®)];

EAI (TE Scattered)

-~ EALlReqgCyITES =
ListLinePlot[datasAllTES, BlotRange -> ({0, 2+Bi), (0, Max[SelEAllzzs]}),

Plotstyla -> Blus, Basastyls -> AbsolutaThickn:

2], PlotMarkers -> Nema,
Plotiabel —> “Eses. Smeoth Cylinder ((TE Scattered Field)",

Frame -> Trus, FrameLabsl —> [ vy,

Gridiines -> ({{Pi, (Thick, Gray, Dashed}}), Automatic), Background -> White,
TnageSize -> 700, BaseStyle -> {FontSize -> 14, FontWeight -> "Bold™)];

Il (TE Inc + Scattered)

Plotkange -> ({0, ZsPi}, {0, Max[SolEAI1TESandl|}}, PlotStyle -> Blua,
Basestyle - AbsoluteThicknsss[2], PlotMarkers -> Nene,

Plotlabel -» "Eques; Smooth Cylinder (TE Incident + Scattered Pield)”,

Frase -> True, Praselabel -> ("4, "W/a'},

Gridlines -> ({95, {Thick, Gray, Dashed}}), Automatic), Background -> White,
Imagesire -» 700, BasaStyle -» (FontSize -» 18, FontWeight -» "Bold=)];

Summary TE Plos

sagy 3

(EALIRagCYLTES, EALLRegCy1TESandI)), Spacings -> (Scaled(0], Scaled(8]}]:
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Smooth Cylinder Plots - TM + TE Plots

Ez (TM+TE Scattered)

s ExRegCylTWplusTES « ListLinePlot|[datakrregeylTHplusTES,
PlotRangs -» ({0, 2+Pi), (0, Max|SclEzzageylTMpluaTes])},
Flotstyla -> Blue, BaseStyle -> AbsoluteThickness(2), PlotMarkers -> one,
Plotlabel -» "Es Smooth Cylinder (TM + TE Scattered)®,
Frame -> True, Framelabel -> ("¢, “v/m'),
(Thick, Gray, Dashed)}}, Automatic), Background -> White,
magesize -> 700, Basestyle - (Fentsize -» 14, Fontweight -> “Beld")];

Gridnines -> ({{P

Ez (TM+TE Inc + Scattered)

Plotrangs > ({0, 24Pi), (0, Max[SolBeregoylTpluaTESandi]}),

Plotstyle -> Blue, BaseStyle -> AbsoluteThickness(2], PlotMarkers -» Wone,
Plotiabel -» "E. Smooth Cylinder (TM + TE Inc and Scattered)’.

Frame -> True, Framelsbel -> {*$", "Vim"},

Gridiines -» ({{Pi, (Thick, Gray, Dashed)}), Autcmatic], Backgzousd -» Whits,
Style -> {FontSize -> 14, FontWeight -> "Bold"}];

ImsgeSize -» 700, B

Erho (TM#TE Scattered)

PlotRange -> {{0, 2+Pi], {0, Max|SolErhoregcylTMplusTES]]},

Plotstyls -> Blus, BassStyls -> AbsoluteThickness[2], PlotMarkers -> Mone,
Blotiabel =» “E, Smooth Cylinder (TM + TE Scattered)®,

Frame -> Trus, Framelabel -> (*g", "Vrm'),

GridLines -> ({{P4, (Thick, Gray, Dashed}}), Autematic), Background -> Whita,
Imagesize -» 700, BaseStyls -> (FontSize -» 14, FontWeight > "Bold")]:

Erho (TM+TE Inc + Scatrered)

PlotRange -> ({0, 247i], (0, Max|SolErhoregeylT™MplusTESandT]}),
Plovstyle -» Blue, Basestyle —» AbsoluteThickness(d], PlotMarkers - Non

PlotLabel > "E; Smooth Cylinder (TM + TE Inc and Scattered)®,
Frams > True, Framelabel -» {"¢", "Vim'},

GridLines -> {{{Pi, (Thick, Gray, Dashed)}), Automatic), Background -> White,
ImageSize -» 700, BaseStyle - {FontSize -» 14, FontWeight -> "Bold")];
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Ephi (TM+TE Scattered)

S— s THp1usTES,

lotzangs -» ((0, Za®i}, (0, wax[Solephiregeyltuplustes])),

styla -» AbsoluteThickness[2], PlotMarkers -> Wens,
Plotlabel > 'E, Smooth Cylinder (TH + TE Seattered)’,

Frame > True, FrameLabsl -> (6%, "V/m'},

Gridlines -> {{{Pi, {Thick, Gray, Dashed}}}, Automatic), Background -> White,
Inagesize -> 700, BaseStyls -> (FontSiza -> 14, FontWeight -> "Bold"}];

Plotstyls —> Blu

Ephi (TM+TE Inc + Scattered)

PlotRange —> ({0, 2+Bi}, [0, Max[SolEphiregeylTHplusTESandI]}),

Plotstyle -> Blus, Style -> AbsoluteThickness(2], PlotMarkezs -> Nons,
PlotLabel -> "E, Smooth Cylinder [TH + TE Inc and Scattered)®,

Frams - Trus, Framelabsl -: (@', "W/m'},

Gridlines -> ({{Fi, (Thick, Gray, Dashed}}), Automatic), Background -» White,
ImageSize -» 700, BaseStyle -» {FontSize -» 18, FontWeight -» "Bold")]

EAIl (TM+TE Scattered)

v EAL i 1

PlotRangs -> ({0, 2274}, (0, Max[SolEALlTMplusTES]}), FlotStyle -» Blus,
Basestyla -> AbsolutaThickness[2), PlotMarkers - None,
PlotLabel -> "Eyea: Smooth Cylinder (TM + TE Scattered)
Fraze -> True, FrameLabal -> ("¢
Gridiines -> ({(Pi, (Thick, Gray, Dashed)}), Automatic), Background -> White
TmageSize -> 700, BaseStyle -> {FontSize -> 14, FontWeight -> "Bold")];

. vy,

EAIl (TM+TE Inc + Scattered)

- EAL =
FlotRange -» ({0, ZaPi}, (0, Max[SolEAl1TMplusTESandr]}},
Plotstyle -» Blue, BaseStyle -> AbsoluteThickness(Z], PlotMarkers -> Nane,
PlotLabel -» "y Smooth Cylinder (1M + TE Tne and Scattered)”,
Frase -> True, FrameLsbel -> ("§%, "Wa'},
Gridlines -» {({P%, (Thick, Gray, Dashed}}), Autcmatic), Background -> Whits,
ImegeSize -» 700, BaseStyle -» [FontSize -» 14, FontWeight -> "Bold")];
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Summary TM+TE Plots

. (t 3.

(mAL 3o:

spacings -> {Scaled(0], Scalsd[0]]];

Compare (Smeoth vs Corrugated) Plots

TM Compare

GraphicsGrid| [{Show|ExRegCylTHS, ExCorzS,

PlotRangs -3 ({0, 2+Pi), (0, Max[SolBzregeyltMs, SclEzg]}},

BaseStyle -> (FontSize -> 14, FontWeight -3 "Beld'},

Frame -> True, FrameLsbel -> ("o/1", "V/m"), Plotlabel ->

"%, T Scattered Smooth Cylindsr (Elus} vs Corrugated Cylinder (Red, --)°],
Show[ExRegCylTMSandT, EzCorrSandl, PlotRange ->

(10, 2e7i), (0, max[SolEzregeylmwsandr, solesz])},

BaseStyla -> (FontSize -> 14, FentWeight —> "Bold"},

Frame -> True, FrameLabel —» ("2/A", "V/m"},

PlotLabel -> "E, T™M Inc + Scattered Smooth Cylinder
(Blue) ve Corrugated Cylinder (Red, --)']],
{Show[ErhoRegCylTHS, ErhoCorsS, PletRange > ((0, 2+Pi},

{0, Max[SolErhorageylTHs, SolErhoS]}},
Basestyle -> (FontSize -> 14, FontWeight
Framelabel -5 {"p/A", "V/m"), PlotLabel «>

"E, ™™ Scatcersd Smooth Cylindar (Blus) va Corrugated Cylindar (Red, —-)'l,

Show[ErhoRagCy1THBandI, ErhoCorrSandl, PlotRange ->
(0. 2a2i), {0, Max[SolErhoregeylTMSandl, Solfrho]}),
seyla

"Bold'}, Frame -> Trus,

5 (Womtsize -> 14, Femtweight - “Beld’),
Frame -> True, FrameLabel -> {"p/i", "V/m"},
PlotLabel > “E, TM Inc + Scattered Smooth Cylinder
(Blue) vs Corrugated Cylinder (Red, --)"1),
{Show[EphiRegCylTHS, EphiCorrs, PlotRange -> ({0, 2+Pi),
{0, Max[SolEphiragey s, SolRphis]}},
BaseStyle - (FontSize -> 14, FentWeight - "Bold"}, Frame -> Trus,
Framelabel -> {"o/A", "V/m"), PlotLabel ->
"E, TM Scattered Ssooth Cylinder (Blue] ve Corrugated Cylinder (Red, --)'l,
Show[EphiRegCylTHsand], EphiforsSandl, Plothangs ->
(10, 2223}, [0, Max|SolEphiregeylTdSands, Solfphi]}),
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BasaStyls -» (FontSize -: 14, FontWaight -» 'Bald"},
FPrame -> True, Framelabel -> {"p/1", "Wim'),
Plotiabel -> "Es T Inc + Scattered $mooth Cylinder (slue) vs
Corrugated Cylinder (Red, --)"]}, (Show[EAllReqCylTMs,
EAlicorrs, PlotRange —» ({0, 2aPi}, (0, Max[SelEAllS, SolEAllmss])},
BaseStyls -> [FontSize -> 14, FontWaight -> "Bold"},
Frame -> Trus, Framelabel -> {"2/A", "V/m'),
Plotlabel -> "Erets1 TH Scattered Smooth Cylinder
(Blue) vs Corrugated Cylinder (Red, --)"],
Show[EAl1RegCylTMSandl, EAllCorrSandl, BlotRange ->
((0, 2+P1), (0, Max[SolEA1LTMSandI, SclEAllSand]))
BaseStyle -> (FontSize -> 14, FomtWeight -» "Bold"},
Frama -» Trus, Framelamal -» ("p/A", "Wm'),
Plotlabel -> "Eqe ™ Inc + Scattered Smooth Cylinder
(Blus) vs Corrugated Cylindsr (Red, --)"}}

n

TE Compare

GraphicaGrid] {{Show[BTReqCylTES, ErCorrs,
PlotRange > ({0, 2+Pi), {0, Max[solEzreqcylTss, solEss]}},
BaseStyls > {FontSise -> 14, FontWeight -> "Bold"}, Frame - True,
Framelabel -» ("g/A", "V/m"], PlotLabel -» "E. TE Scattered Smooth

Cylinder (Blue) vs Corrugated Cylinder (Red, --)"],
Show(EzReqCy)TESandI, EzCorrsandl, PletRange —» ({0, 2+Pi),
{0, Max[SolEsregeylTESandl, SolEx]}},
BassStyls -> {FontSize -> 14, FomtWeight -> "Bold"},

FPrame -> True, Framelabel -> {"p/A", "Va'],
Plotiabel -: "E, T2 Inc + Scattersd Smosth Cylindar
(Blve) va Corrugated Cylinder (Red, --}°])
{Show[ExhoRegCylTES, ErhoCorrs, PlotRangs -> {{0, 2rPi},
(0, Max[SolErhoregeylTES, Solkrhas]}),
BassStyls > (FontSize -3 14, FomtWeight -> "Bold"},
Framalabel -> ("0/A%, "V/m'},
. TE Seattered Smaoth Cylinder (Blue)
va Corrugsted Cylinder (Red, --)7],
Show(ErhoRegCylTESandl, ErheCorrSandl, PlotRange ->
({0, Z+Pi), {0, Max[SclErhoregeylTESandl, SolErho]}},
BassStyls -> {FontSize -> 14, FontWeight -> "Beld"},
Frame -» True, Framelabel -» {"o/A", "Via'l,
Plotlabel -> "E, T2 Inc + Scattered Smosth Cylinder
(Blus) vs Corrugated Cylinder (Red, --)°11,
{Show [EphiRegCylTES, EphiCorss, PlotRange -> ({0, 2rFPi},
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(0, Max[SclEphizegeylTES, SolEphifl}),
BaseStyle -» (FontSize -> 14, FontWeight -» "Bold"),
Frame -> True, Framelabel -> (“/A", "W/m'
Plotlabel -:

‘% TE Scatterad Smooth Cylinder (Blue)
wve Corrugated Cylinder (Red, —-}"],
Show[EphiReqCy1TESandI, EphiCorsSandl, PlotRange ->
140, 2+74). (0, Max(SolEphizegcylTESandl, SelBphil)}.
BaseStyle -> (FontSize -> 14, FontWeight -> "Bold"),
Frame > True, Framelabel - (%0/1', "W/a'},
Plotlabal -> "E; T Inc + Scattered Smooth Cylinder (Blue) ve
Corrugated Cylinder (Red, --)']], (Show[EALIRsgCylTES,
EAllCoreS, BlotRangs - ({0, 2=Bi), (0, Max[SclEAILTES, SalEALLS]}},
Basestyls -» (FontSiza -» 14, FentWeight > 'Bald‘],
Frame -> True, Framelabel -> (%pf1", "V/m'},
Plotiabel -> 'Era.. TE Scattared Smooth Cylindar
(8lus) ve corrugated Cylinder (Red, --)'],
Show[EAl1RsqCylTESand1, EAllCorrsandl, PlotRangs ->
(40, 2474}, (0, Max[SolEALITESandX, SolEALlsandi]}},
Basestyls -> [FontSize —> 11, FontWeight -> "Bold’],
Frame -» True, Framelabel —> [%0/A", "Wa'},
Plotlabel -> "Exex TE Inc + Scattered Smooth Cylinder
(8lue) vs Coszugated Cylinder (Red, --)']}

H:

TM+TE Compare

GraphicsGrid(({ Show|EzRegCylTMplusTEs, EzCorrs,
PlotRange -» ({0, 2+Bi}, {0, Max[SolEzregcylTMplusTES, SolExS])},
BassStyls -» (FontSize -> 14, FontWsight -» "Bold’],

Frame -> Troe, Framelabel -> ("p/A", "W/m"

Plotlabel -» "E, TMTE Scattered Smooth Cylinder
(8lve) ve Corrugated Cylinder (Red, --)"],

Plaotmange -»
40, 2+74), {0, Max[SolEzregeylMplusTESands, SolEz]]),
Basestyls -> (Fontsize -> 14, Fontheight -> "Bold"},
Frame -> True, Framelabel -> {"o/A", "Wm'},
Plotlabel -> 'E, TMiTE Inc + Scattered Smooth Cylindsr
(Blue) ve Corrugsted Cylinder (Red, --)"]},
{Show[ErhoReqCylTMplusTES, ErhoCorrS, PlotRange —> ({0, 24Pij,
{0, Max[SelErhoregcylTHplusTES, SelErhoS])).
BaseStyle -> (FontSize -> 14, FontHeight -» "Bold"],
rue, ¥rameLabel -» (“9fA", "Wam'},
Plotlabel -» 'E, TMiTE Scatterad Smooth Cylinder

PAD Research Garcla Boundery s plus b.ob | 81

Blue) ve Corrugated Cylinder (Red, --)°],
. PlotRange -

({0, Z+Pi), {0, Max[SelErhoregeylTplusTESandl, SelErhe]}).
BassStyls -> {FontSize -> 14, FomtWeight -> "Bold"},

Prame -> True, Pramelabel -> {"p/A®, "Via'},
Plotiabel > "E, THTE Inc + Scattezed Smooth Cylinder
(Blve) va Corrugated Cylinder (Red, --)*])
{Show[EphiRegCylTHplusTEs, Ephicerss, PlotRange - ([0, 2+Pi),
{0, Max[SolEphiregeylTMplusTeS, SolEphis])),
Bassstyls > (FontsSize -> 14, FontWeight -> "Beld"},
Framslabel -> {"p/A", "Vim'},
£, TH/TE Scattered Smooth Cylinder
(Blue) ve Corrugated Cylinder (Red, --}°],
Show(EphiRegCylT™plusTESandl, EphiCorrSandl, PlotRange
({0, Z+Pi), {0, Max[SclEphiregeylTplusTESandl, SolEphi]}),
BaseStyle -> {FontSize -> 14, FontWeight -> "Bold"},
Frams -» Trus, Framelabel - ("mfA", "Via'],
PlotLabel -

"E; TM.TE Inc + Scattered Smooth Cylinder (Blus} ve Corrugated
Cylinder (Rsd, --)"]}, (Show[EALLRegCYLTES, EAllCorrS,

BlotRangs -» ({0, 2+%), {0, Max[SolEALLS, SolEALlTMplusTES)]},

Basestyls -> (FontSize -3 14, FontWeight -3 "Badd"),

Frame -> True, Framelabel -> {"s/A", "Vim'},

Plotlabel => "Brmu TMeTE Scattersd Smooth Cylinder
(elue) vs Corrugated Cylinder (Red, --}°),

PlotRange

(0. 2424}, (0, i

BaseStyle -> {FontSize -> 14, FontWeight -> "Bold"},

Frams -5 Tru

FramsLabel -> {"m/A", V'),
Plotlabel -

"Equa THTE Inc + Scattersd Smooth
Cylinder (Blus) vs Corrugated Cylinder (Red, --]"])

TM, TE, TM+TE Compare

. arg Extores,

PlotRangs -> ({0, 2+Pi), (0, Max[SolSzregcyl™s, Solfzs]}}.

Basestyle > (Fontsize -> 14, Fontweight -> “B0ld"), Frame -> True,

Frametabel > (* ), PlotLabel -» "E; TH Scattersd Smosth
Cylinder (Blus) va Corrugated Cylinder (Red, --)'|,

‘Show[EaRsgCy1THPLUSTES, B2COrTS,
PlotRange -> {{0, 2+Pi), {0, Max[SolEzregcylTplusTES, SolExsl)),
Basestyle -> {FontSize -> 14, FontWeight -> "Bold'}, Frame -> Trus,
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FrameLabal -> {"¢", "W/m"}, PlotLabel ->

TM.TE Scattered Smooth
Cylinder (Blue) ve Corrugated Cylinder (Red, —)']),

{Show[EzRegCylTMSandl, EzCorrSandl,
PlotRange -» (0, 2+Bi}, [0, Max[SolErregeylTHSandl, SolEx])),
Basastyle -» (Fontfize -> 14, PontWeight —> "Bold"),
Frame -> True, Framelabel -> (*$", *Wim"},
Plotiabel -» "E. TM inc + Seattered Smooth Cylinder
(Blue) vs Corrugated Cylinder (Red, --)"],
"E. TE Doss Mot Exist’,

PlotRangs -> ({0, 244}, (0, Max[SolEzregoylTMplusTESandI, SolEs))},
BaseStyle -> [FontSize -> 14, FontWeight -> "Bold"),
Frame -> True, FrameLabel -> (%", "W/n'},
PlotLabel =» 'E, TMeTE Inc + Seattered Smocth Cylinder
(Blue) ve Corrugated Cylinder (Red, --)"]},

{Show[ErhoRegCylTMS, EshoCorsS,
PlotRangs -» ({0, 2+Pi}, (0, Max[SolErnorageylThs, SolErmss))},
BaseStyle —» [FontSize -> 18, FontWeight

, Plotnabel —>

'Bold"), Frame -» Tru

. T Scattered Smosth
Cylinder (Blue) vs Corrugated Cylinder (Red, —-)"1,

Show|ErhoeqCy1TES, ErhoCarzS, PlotRange -> ({0, 2+Fi),

(0, Max[SolErharegcylTss, SolExhos])).
BaseStyle -> [FontSize -> 14, FontWeight -
Frame -> True, FrameLabel —> (", "V/m"},
Plotlabel -> "E, TE Scattered Smooth Cylinder (Blue)

vs Corrugated Cylinder (Red, --}"].

Show|ErhoReqCylTMplusTES, ErhoCorsS, PlotRange ->

({0, 2+P1), (O, Max[SolErhoragcylTMplusTES, SolErhos])],
BaseStyls -» (FontSize -> 14, FontWeight -» "Bold"),
Frame -> True, ¥ramelabel -» ("¢, "W/m"},

FramsLabel - ("8%, "Wi

'Bold"),

PlotLabal -

"E, TMeTE Scattezed Smooth Cylinder (Blus)
vs Corrugated Cylinder (Red, --1"]},

{Shew[ErhoRegCylTHSandI, ErheCorzSandl,

PlotRange -> ({0, 2+Pi), (0, Max[SelErhoregeylTHSandI, SolErhe]}) .
estyle -» (Fontsize -> 14, FontWeight -» "Bold"),

Frame -> True, Framelabel > [*$", "W/n"},

PlotLabel -> "E, TM Ine + Seattered Smooth Cylinder

(Blue) ve Corrugated Cylinder (Red, --)"],

Show[ErhoRegCylTESandl, ErhoCorrSandl, PlotRange -»

({0, 2+i), (D, Max[SolErhoregeylTESandl, SolErho])},

LT ——

206




D fesaanen Garcia_Bounaary a_pus_b.ob | 93

BasaStyle -> (FentSiza -: 14, FontWeight -3 "Bold'},
Framelabel -5 ("4", *Vim'),
“E. TE Inc + Scattezed smosth Cylinder
(Blue) vs Corrugated Cylinder (Red, --)°],
Plotmange -

(00, 2471}, (0, Max[SolErhoregeylTHplusTESandI, SolErho]}),
BassStyle > (FentSize —» 14, FontMeight -3 "Bold'},
Tramelabel -> {"8", "V/n'},
E. TM/TE Inc + Scattered Smooth Cylinder
(Blue) ve Corrugated Cylinder (Red, --}7]),

(Show [EphiRegCy1THs, BphiCorrs,
PlotRangs -> {{0, 2+Pi), {0, Max[SclEphiregcylTMs, SclEphis]]},
BaseStyle - (Font8ire -> 14, Fontweight -> "Bold"}, Trame -> True,
FrameLabal -» (* /m*), Plotlabel -» "E, T™M Scattered Smooth

Cylinder {8lus) vs Corrugaced Cylinder (ked, --)°],
Show[FPRARSGCYLTES, BphiCorss, PlotRangs -» ({0, 2aPi]
{0, max([SclEphiregeylTEs, Solkphis]}}),
Basestyle -5 (Fontsize -> 14, FontWeight -> "Bold'},
Frame -> True, Framelabel -> ("¢, "V/a'},
PlotLabel -> "E, TE Scattesed Smcoth Cylinder (Blue)
vs Cozrrugated Cylinder (Red, e I
Show[EphiRegCylTHplusTES, TphiCor:S, PlotRange ->
({0, 2421}, (0, Max(SolEphizegeylTMplusTES, SolEphis))}.
BaseStyle -> {FontSize -> 14, FontWeight -> "Bold},
Frame -> Trus, Framslabel -» {"3", "V/m'},
Plotiabel -> "E, THTE Scattersd Smocth Cylindar (Blue)
va Corrugated Cylinder (Red, --)°)},

{Shaw | EphiRegCyiTHSARdI, BphiCorrsandl,
PletRange -> ({0, 2+Pi), {0, Max[SolEphiregoylTHSandl, SolZphill},
Bassstyls - {Fontsise -3 14, FontWeight. - "Bold"},

Frame -> True, Framelabel -» {"$", "V/m'l,
Pletlabel -> "E, T Inc + Scattered Smosth Cylinder
(Blue) ve Corrugated Cylinder (Red, --}],
Show|EphiRagCylTESandl, EphiCorrSandl, PlotRange ->
({0, Ze®i), {0, Max[SolEphiregeylTESandl, Solkphil)),
BaseStyle -> {FontSize -3 14, FontWeight -> "Bold"},
Frame -> True, Framslabel -> ("¢", "Vfm'},
Plotlabel -> "Ey T2 Inc o Scattersd Smooth Cylinder
(slue) vs Corrugated Cylinder (Red, --)°1,
Plotrangs ->
({0, 2474}, {0, Max(SolEphiregeylTwplusTESand, SolEphill).
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BaseStyls —» (FentSize -» 14, FontWeight -» 'Bold’],

Frame -> True, ¥ramelabel -» (4", "W/m"},

Plotiabel -> "Es TMYTE Inc + Scattered Smacth Cylinder
(Blue) va Corrugated Cylinder (Red, --)"]},

{Show[EALIRagCyITMS, EALICOTES,
PlotRange - ((0, 2+B4), {0, Max(SolEALLS, SolEALITMS]}],
BaseStyle -> [FontSize -> 14, FontWeight -> "Bold"}, Frame -> Tru
FrameLabel —» (6%, "W/m"), PlotLabel -> "Erew TH Scattersd Smocth

Cylinder (Blue) ve Corrugated Cylinder (Red, --)"],

Show|EAL1ReqCy1TES, EALlCorrS, PlotRange -> ({0, 2+Pi),

(D, Max|SolEA1LS, SoleallTes])},

astyla -» (FontSiza -> 14, FontwWeighe -» 'Bald‘],

Frame -> True, Tramelabel -> (*$", "v/m'},
Plotlabel -> "Eras. TE Scattared Smosth Cylinder (Blush
we Corrugated Cplinder (Red, --}"],

Show|EA11ReqCy1THp 1usTES, EALLCOTFS, PlotRangs -»

(40, 2474}, (0, Max[S0lEALLS, SolEAllmeplusTEs]}),
BaseStyls -> [FontSize —> 11, FontWeight —> "Bold’],
Frame -» True, Framelabel —> (%", "Win"},

Plotlabel -> "Exes: TH.TE Scattered Smooth Cylinder
(Blue) vs Cosrugated Cylinder (Red, --)'l},

{Show [EALLRegCyLTMSandI, EALLCozzSandI,
PlotRange -> ({0, 2+Bi), {0, Max[ScLEALlTMSandI, Sc1EAl1SandI])},
BasaStyls -> [Fontfize -> 14, FontWeight -> "Bold"),

Frame -> True, Framslabel -> (%67, "V/m"},

Plotiabel -> "Eecsi TH I0C + Scattered Smooth Cylinder
(Blue) va Corrugated Cylinder (Rad, --)"],

Show[EAllRageyITESaRAI, EALLCerrSandi, PletRangs -

1{0, 2+Pi), (0, Max[SolEALLTESandI, SolEAllSandI]}),
Basestyle -> (FontSize -> 14, FontWeight -> "Bold"},
Frame -> True, FrameLabel -> {"¢", "W/m"},

PlotLabel -> "Bees: TE 100 + Scattered Swooth Cylinder
(Blue) ve Corrugsted Cylinder (Red, --)"],
Show[EA1lRagCylTMplusTESandI, EALICorrSandi, PlotRenge ->

(40, 2+Bi), {0, Max[SolEAlITwplusTESandl, SolSAllSandl]]},
BaseStyle -> (FontSize -> 14, PontHeight -> "Bold").
Frame -> True, FrameLabel -> {"¢", "W/m"},

PlotLabel > "Bress THTE Inc + Scattered Smooth Cylinder
(81ve) va corrugated Cylinder (med, --) ]}
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Changing Phi RCS dB XY Plots - Compare with Reference
[Cross-Polar]

Corrugated Cylinder Plots

Plot Cross-Polar [ RCS0$@ According to A. Fern

{+Cross-Polar aseording to A. Freni, 1996,
Scattering from a dislectric cylinder axially loaded
with periodic metallic ringss)

i [RCSadeds, PlotRange -»

{40, Pi), {Min[10+Log10[RCSaPE / Lambda0] |, Max[10 s Logln [ACscss / Lambdas]]}]
Plotstyle -» (Red, Dashed), BaseStyle -> AbsolutaThickness[2].

SlotMarkers -» Mona, Plofiabel -» "Cross-Eolar Corrugated Cylinder®,

Frame -> Trua, FrameLabel -> { @l 20 (dB)"),

Griduines -> {{{pi/2, (Thick, Gray, pashed)}}, Awtemaric],

Background -> Wnite, Imagasize -> 700,

Basustyle -» (Fontsize -> 14, Fontweight —» “Beld"}];
show[ . PlotRange >
{10, P}, {Mia[10+Log10[RESaPS / Lanbdan], Cxos sPolacFENAD, CrossBolasMonda),
nax[10 / 1embaan], .

Plotlabel -> "Cross-Polar Corz. Cyl. w/AQ (dB) Paper
(Red, --} vs FEM (Green, ||) vs MoM (Blue]",
ImagsSize -> 700, BassStyle -» (FontSize -> 14, PontHeight —> "Bold"}];
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APPENDIX B

Derivation for Fundamental Equations of Guided Waves from Maxwell’s Equations

Start with Maxwell’s equations in differential form, VXE and VXH [12, p. 2], and expand

into cylindrical coordinates [12, p. 925]

VX E——jwuH p(;?if—%)+¢3(%—%)+z“

(1M_1%)

p 0dp p 09

VXH = jweE = p(laHz—%)+q§(aﬂ—aﬁ)+ZA

(16(pﬂ¢) _1%s)
0z 0z ap

p 0dp p 9¢

Replace, % = —jf based on the relationship the relationship aa_z (e—iBZ) = —jBe IP?

and separate into cylindrical components

10, _0Eg _ 10E,

TJerH, = e e T e T JBEy
ek, =3 5 = 5 = 55+ IBHy
oty = 5 = 5 = <JPE, = 5
jweEy = aa% _ 66122 — jgH, - aalj)z
—jwuH, = %‘3'(;’_?) _ %%
jweE, = %a(/;_’:@ _ %66%
Also

2
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Solving for E,

E, = ]wig(; ‘;’; + ﬂqu)

Substitute

e+

T jou

L (1om, 0B;) | — 1 (19H; _
Ep - ]w_£<; o jwu( ﬂ + )) - jwe (p 2

1 0H, , B%Ep jB 0E,
P jwep 3¢ w?pe  w?ue dp

B*E, 1 0H, jB OE,
P wlue T jwep d¢ w?ue ap

B> _1 0H, jB_0E,
Ep (1 N wzus) jwep ¢ N w?ue dp
Multiply both sides by w?ue

wy 0Hy ., OE;
'z __ ﬁ_

2 P2 —
E,(w*ue ﬁ)—jp 30 30

Replace k> = w?ue — B2and solve for E,

2
B“Ep

jou

JB ai)
jou ap

_ —Jj (wudH JE,
£, (2% %)

p 09 ap
Solving for H
aEZ _ 1 (.o 1 (10H,
]wu(]’g P )_j(uu<]ﬁ<] (p ap + ﬁHﬁb))
_ 1 (B oH; _ B* 0E;\ _ _ _JB 9Hy  _B?
¢~ jou (jwsp ap jwe Hd’ + 6p) - w2uep 0 + w?pe
_ B\ _ B oM 105
H¢ (1 wzus) T w2uep 8¢ + jou dp
Multiply both sides by w?ue
2pe — g7y = _JBOHz | wedEs _ . (BOH, 0
Hylw pe = B5) = = 5+ 53, = (pa¢+‘”£ap)
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0E
+_Z

Hy

1 0E,
jou ap




_ -J (B, 0E
Hy = ko2 (p ap Op)
Solving for E 4

Eg = e (—iBH, -

_ 0H,

)

Substitute,
1 (10E, . .
Hy = =50 (55 +IBEs)
_L(lﬁ 9B, _ B aﬁ)_ —jB 9B, | _B* _ 1 o4,
¢~ jwe\joup 09 jou P ap) T wiuep op ' wrue ?  jwe ap
_ B\ _ B 05 1 o
Ed’ (1 a)zue) T w2uep d¢p  jwe dp
Multiply both sides by w?ue
2,0 _ 2y = JBOE; _wudH; _ . (BOE; _ . O0Hz
Eg(wue ﬁ)_p6¢ j op ](pacb 6p)
— ~J(B8E. _ SHz
Ey = k2 (p 5¢ Sp)
Solving for H
-1 (10E, . .
Hy = 7o (56 + 1BEo)
Substitute,
_0H,
E ]ws (]’8 P )
_ 1 [10E . __0H, _ 1 (10E, ﬁ_z JjB 0H,
Hp jou <p (o) + '8 (]ws (]’8 P ))) - jou (p [z P jwe 6p)
-1 aﬁ .BZ _ jB 0H,
P jwup 8¢ = w2ue P w2ue ap
B -1 9E,  jB 0H,
Hp (1 wzue) joup ¢  w3ue dp
Multiply both sides by w?ue
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2c — [2) = 9%z ipO0Hy ;i (~welE; |, 5 O0Hy
_ o (zwsdk | gon;
Hp_kcz(p 6¢+Bap)

Note that in paper k. is substituted with k, and S is substituted with k.
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