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ABSTRACT

This thesis makes use of a well-known integral equation to study numericailly
different schemes for reducing side and back lobe power levels in the far field pat-
terns of aperture antennas such as waveguides, pyramidal horas, and cylindrical
reflectors. A review of the work done in reducing the side and back lobe levels of
multi- and hybrid-mode horns and more recently, aperture-matched horns is
presented first. The scattering problem is then formulated for an arbitrary shaped
cylinder excited by a magnetic line source. The integral equation resulting from this

formulation is then transformed into a moment-method probiem.

The performance of aperture matching of waveguides, horns, and cylindrical
reflectors, with their electrical dimensions and operating frequencies as variables, is
reported on the basis of an extensive use of a moment-method computer program.
Apef-ture matchiﬁg is done by attaching different geometric shaped flanges to the
edges of these antennas such as flat, elliptic, and spiral flanges. These shapes are
chosen so as to reduce the magnitude of the diffraction coefficient at the edges
which in turn affects side and backlobe levels. A reduction of 5 to 15dB in these
lobe levels together with broader beam widths is reported for the cases of the
aperture-matched waveguides and horans. A similar reduction in the far lobe levels
with slightly narrower beam width is observed for aperture-matched cylindrical para-

bolic reflectors.

Two other alternative approaches for sidelobe and backlobe level reduction of
horn antennas are then introduced. The first approach is to shield the edges of the
antenna by the use of proper metallic structures, hence isolating the edge diffracted
fields of the antenna and minimizing their destructive interference. A reduction of
more than 20dB in the sidelobe levels is achieved in the so called “capped-edge” horn.
The second approach deals with introducing an active source, placed at an optimum
position inside the horn, and excited with proper phase relative to the edge field.
These active sources which are simulated by magnetic line sourées willrradiate fields
that will add destructively with the fields incident from tﬁe feed waveguide on the
edges of the horn. A reduction of more than 20dB is achieved with the so called

Yactive loaded” horn.
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CHAPTER 1

Introduction

A broad class of antennas commonly known as aperture antennas are those in
which radiation is considered to occur from an aperture. Examples are reflector
antennas, waveguides, and horn (flared waveguides)antennas. An aperture type
antenna must have an aperture size of at least several wavelengths in order to have a
hfgh gain. Typically, the E -plane pattern associated with an optimum-gain design of

these antennas has high side and backlobe levels due to large edge diffracted fields.

Horns and waveguides are mainly used as primary feeds for reflectors, and their
~ high side and backlobe levels affect the performance and efficiency of the reflector
antenna as a whole. Aside from the power loss due to the feed spillover, the thermal
energy from the spillover region contributes to the reflector antenna noise tempera-
ture and provides an additional reason for its minimization. To maximize the
antenna gain, one needs a uniform illumination over its aperture, which in turn
requires a feed pattern, as shown in Fig-1.1. Such a feed pattern maximizes the gain
but at the same time éauses a high edge illumination of the reflector. This high edge
illumination gives high sidelobes, thus deteriorating the reflector performance. An
ideal feed pattern therefore must generate a nearly uniform illumination and a
nearly zero edge illumination. Such a feed must have relatively low side and back-
lobe levels. Extensive work has been done to reduce these levels. One approach is to
reduce the magnitude of the fields incident on the edges of the feed horn from the
feed waveguide. This was done by Potter [1] in designing a dual-mode horn as shown
in Fig-1.2. The basic concept is to introduce a metallic step in the wall of a conical
horn in order to excite a TM 1, mode which travels independent of the incident TE 4
" mode. The position of the step is such that the two modes with their relative phases

and amplitudes adjust to lower the electric field at the edges, hence suppressing the

T




E -plane sidelobes. Later, Potter and Ludwing [2] analyzed the possibilities of beam
shaping through the superpdsition of higher order modes iﬁ conical horns. About
the same time, Jensen [3] described the extension of the mu!ti’mode technique to
pyramidal horns. In this case, the dominant mode, of course, is the TE ;3 mode,
while the appropriate higher modes are a mixture of TE;, and TM ;; modes. Turrin
[4] combiﬂed a very compact TM y; mode transducer and a circular horn to form a
small prime focus feed possessing all the attributes of a multimode horn. Here, gen-
eration of the TM ;; mode occurs due to an abrupt flare angle change in the guide.
Another simple method of obtaining a dual-mode feed is done with an internal bifur-
cation Fig--13 as reported by Collin and Schilling [5]. Their design depends on the
distance between the aperture and the internal waveguide to obtain the correct addi-
tion of the two modes at the aperture. Since the dominant and the desired higher
order modes propagate with different phase velocities as they travel from the point
of the 1_node generation to the horn aperture, they will arrive in the correct phase
only at one frequency. For this reason, bandwidth is quite limited, and this appears
to be the principal disadvantage of the multimode horns. Nevertheless, one can
achieve improved pattern performance over about ten percent frequency band using

a carefully designed dual-mode horn.

Another simple and effective dual-mode horn was developed by Satoh '[6],
shown in Fig.-14. The Satoh horn uses a dielectric ring mounted on the flared wall
of the horn. A bandwidth of 1.5:1 is attributed to the use of the dielectric ring

instead of a metallic discontinuity.

A recent extension of the Satoh horn has been developed by Wong [7] involving
two concentric dielectric rings placed in a conical horn as shown in Fig.-1.5, and a

wider bandwidth was achieved compared to Satoh’s single ring horn.

Reduction of the edge-diffracted fields over a broader frequency was achieved
also by hybrid-mode feeds. These structures include the dielectric loaded circular
waveguide [8], and the corrugated waveguide or horn shown in Fig.-1.6 [9]. The diel-

guide [10], where a low permitivity dielectric cone loading the horn and extends



beyond the horn aperture and all the way to the subreflector of a cassegrainian
reflector antenna, to compromise between illumination uniformity and the energy
lost in spillover. The dielectric filled conical horn is introduced by Lier [11] and is
shown in Fig.-1.7. Dielectric lined horn [12] shown in Fig.-1.8, and the absorber lined
horn [13] also use the concept of hybrid mode generation for sidelobe level reduction
and achieving axial symmetry. In such horns both TE,; and TM ; locked com-
ponents of the fundamental HE |; mode satisfy the same boundary conditions at the
walls of the horn, and thus travel together as a new single hybrid mode. Under bal-
anced hybrid-mode conditions the transverse fileds of the HE{; mode in the corru-

gated waveguide shown in Fig.-1.9 5] are given by

E,=J(kor) cos (¢)

Ey= -Jolky)sin (8) (11)
Ho= Y,
Hy= Yo,

from which we find that E, =Jy(kyr) and E, =0 , where E, and H, are the radial
components of the electric and magnetic fields, respectively. E 4 and H are the
polar components of the electric and magnetic fields, respectively. ¥ is the frée
space intrinsic admittance, k is the free space wave number, and J is the zero
order Bessel function. The above expression for the mode pattern satisfies the so
called Rumsey’s conditions and radiates with very little cross polarization. Rumsey
claimed that for no cross polarization, the aperture field in a horn must have the

electric and magnetic fields related as in a plane wave [14].

In corrugated waveguides the E and H fields are found to be identical in form
ar.iﬁ satisfy the relation E = jmH where 7 is the intrinsic impedance of free space.
A study of the structure of these fields also led to the hypothesis that waves could be
cbnﬁned in a cylindrical metal tube, provided that the walls are corrugated either

circumferentially or longitudinally with resonant slots. It was found [15], in
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particular, that the required surface reactance X 4 and X, on the inner wall of the

supporting waveguide, defined as

where the subscripts refer to a circular cylindrical system of coordinates (p,d,2),
should satisfy the relation X (X, = —n2. Thus to match X 4 and X at every point,
the boundary must be anisotropic. This requirement may be realized in practice with
corrugated metal surfaces. For example, a cylindrical surface with circumferential
slots may be designed so that H, =0 at the surface. Also the edges of flanges
between slots require E o = 0. With sufficient slots per wavelength, the structure
approximates a continuous anisotropic surface with X 6 =0and X, =, It will be
noted that these boundaries affect the E and H fields in the same way, in agreement
with the fact that the fields are identical. A second result follows immediately by
recipi'ocity: balanced hybrid modes radiating from the focal plane must illuminate
the paraboloid aperture without cross-polarization. Consequently, the radiation fields
of these modes had to possess axial symmetry of the polarization. Hence, using spe-
cially designed corrugated surfaces on the inner horn walls will force the energy
away from the horn walls in the E -plane and the boundary conditions accomplish

the same in the H -plane resulting in increased antenna efficiency [16).

When looking back at the concept of operation of the types of horns just dis-
cussed above it might seem at a first glance that the multimode and corrugated horns
accomplish similar results, namely axisymmetric radiation patterns, by quite different
means. In reality, the modal contents of the fields in the two cases are, with one
important difference, the same. In Potter’s multimode horn, TE {; and TM ;; modes
have different phase velocities by virtue of the fact that the modes haVe different
cutoffs, since the boundary conditions on E and H are not the same. In corrugated
horn, however, a hybrid mixture of TE ;; and TM ;; waves behaves as a single mode,
in which both components propagate with the same velocity, resulting in a wider
operating bandwidth. Given an application can afford the coﬁ:plexities of such a

design, and construction, the corrugated horn can provide significantly better




performance than a conventional horn over a rather broader frequency band of 2:1.

Reduction of side and backlobe levels in aperture antennas is done also in “tun-
nel” antennas [17]. The most common form of the tunnel antenna is a reflector type
antenna with a tunnel or shroud extending out from the reflector. The tunnel is
lined with absorbent material to minimize the radiated off-axis energy. The object of
the tunnel is to reduce the amount of energy spilled over the main dish and
subreflector. The sidelobe radiation is due entirely to the field illuminating the edges
of the tunnel. The tunnel is placed in such a way around the antenna as to obstruct
the antenna’s original sidelobes as shown in Fig.-1.10. The choice of tunnel length
would appear to be that for which the illumination from the two sources(the main
beam from the parabolic reflector and the edge of the tunnel) is about the same. It
is observed in such antennas that although'there is a reduction in sidelobe level with
increase in length of the tunnel, experimental investigation [18] proves that there is a
decrease in the gain of the main beam as the tunnel length is increased. Corrugated
horn millimeter wave antennas with absorber tunnels have been also developed for
communication systems, and a significant reduction in sidelobes down to more than

60dB is achieved.

An approach which eliminates the troublesome edge diffraction involves reduc-
ing the aperture edge diffraction itself [19] [20], rather than reducing the incident
field on the aperture, as in the case of dual and hybrid-mode horns. This is accom-
plished by adding aperture curved surfaces which form smooth matching sections
between the horn modes and the free space radiation. Burnside [19] designated this
type of horns a§ "aperture-matched” horn shown in Fig.-1.11. These rolled edges
allow much of the energy striking the edge to travel along the curved surface grédu-
ally shedding energy into the sidelobe and backlobe regions. In addition, the curved
surfaces decrease the amount of energy reflected back to the throat of the horn
resulting in a much lower voltage standing-wave ratio (VSWR) [19]. Elliptic cylinder
sections were attached -to the edges of a conventional horn. It was mentioned also
that aperture matching can be achieved by the use of arbitrary convex shapes which

are attached to the horn such that the junction forms a smooth surface to the touch.



-10 -

Investigation of such shapes is done in this thesis, Because of the frequency depen-
dence of dual-mode horns and the complexity and cost of corrugated horns, Burn-
side [19] claimed that a horn with improved pattern and impedance performance can
be achieved by his "aperture-matched” horn without greatly sacrificing the size and

bandwidth or increasing the cost.

The curved edge concept has been used for parabolic reflectors for many years
for purposes of mechanical strength and improved electrical performance. Rolled
edges were used for mechanical reasons to hold the shape of the reflector at the
edge. This rolled edge had a very small radius é.nd is very close to being an ordinary
sharp edge. Recently, curved edges were introduced [21] for ;:ompact range measure-
~ ments. This involved the use of a curved edge attached to a parabolic reflector and
has an electrical size large enough for such an application as shown in Fig-1.12.
Prior to that, the discontinuity at the edge of the reflector interfupted the normal
flow of currents, producing stray radiation not in phase with the collimated radiation
[22]. This convex curved edge, when added, forces the diffracted field away from the

test area causing a more uniform near field distribution.

Although the aperture modification suggested can be applied to a wide variety
of horns and reflectors, this thesis focuses on tw‘o dimens_ional structures consisting
of E -plane sectoral horns (whose pattern analysis is almost identical to that of the
E -plane pyramidal horns), rectangular waveguides, and cylindrical ;iarabolic
reflectors. Our analysis of these structures neglects any coupling effects between E -

and H -planes.

Chapter II presents the numerical formulation of the problem of scattering by
arbitrary shaped cylinders. The integral equation resulting from this formaulation is
transformed into a moment method problem, where an appropriate computer pro-
- gram is written and the problem is solved numerically. Chapter III deals with the
results obtained using the computer program for the far field radiation patterns of
waveguides and horns after adding different curved shapes to their apertures, and a

related discussion is presented at the end of the chapter. Chapter IV extends the

e A e b e
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@ Fig-1.10 A "Tunnel” reflector antenna.

Fig.-1.11 Ellipse aperture-matched sectoral horn.

Fig.-1.12 Ellipse apcﬂure-matchcd cylindrical reflector.
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study in Chapter III to the far ficld patterns of matched cylindrical parabolic
reflectors, Chapter V presents a preliminary investigation of the capped edge horn
antenna. Chapter VI presents the concept of active loading in reducing the side and
backlobe levels in horn antennas. While Chapter VII deals with the main conclu-

sions and suggestions for further applications and research.
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CHAPTER II

Numerical Formulation of the Scattering Model

2.1 Introduction

From the point of view of classical theory, any precisg treatment of electromag-
netic scattering and diffraction phenomena generally involves the complete solution
of a boundary value problem. However,.thcre are only few cases in which this
rigorous approach is productive. As a result the optimum approach in our case is to

find an approximate solution to the original problem.

Due to the high speed and large storage capacity of digital computers in recent
yearé, considerable interest has been shown in the use of numerical solution tech-
niques to the evaluation of scattering and radiation problems [23], and [24]. The
scattering properties of complex bodies can be computed with very high accuracy
through the application of numerical techniques. However, the difference equation
formulation is not efficient for this purposé. Of the many approaches available and,
considering the adaptability of the formulation for computer use, the integral equa-

tion representation has proven to be an efficient form for the numerical solution [25].

It is the purpose of this chapter to review how simple vector boundary value
problems associated with electromagnetic scattering phenomena can be reduced to
sets of integral equations suitable for numerical solutions and how the procedure can
be applied to the problem of a two dimensional scatterer modelling the surface of

_the antenna under investigation.




2.2 The Surface Integral Equation of the Scatterer.

When an electromagnetic wave with ¢U%") time variation is normally incident
on a scattering cylindrical body with constant cross section s along the z direction
Fig-2.1, both the total electric and magnetic fields are functions of the transverse
coordinates only. For this case, the magnetic field integral equation (MFIE) [23]
becomes completely independent of the electric field. After some manipulation it

takes the form
= inc _,LIF_ 2 - ~ - p
Hp)=T H™(p) +T <~ [ [H(p)H{(klp=p’|) cos (4", p—p")
dH ey - .
+(E;: -#/°V .H,)H&(klp—p Dlde 221

where p and p” represent the position vectors of the field and source points P and Q
in the transverse plane, respectively, and # is the unit outward normal to the
scatterer. In general, primes will be used to indicate vector operations in source
coordinates. Also a prime will be used to indicate a normél defined at the source
point @ . H"™ is the incident magnetic field while H ¢ and H ? are the Hankel func-
tions of the second kind of order zero and unity, respectively. The ¢ subscript refers
to the transverse plane and ¢ is the linear integration contour around the cross sec-
tion s of the scatterer. k is the usual wave number while H, and H, denote the
functional forms of the magnetic field in the transverse plane and.thé axial direction
z , respectively.

T is a constant with value of 1 for p outside the surface s, and assumes the value of
2 for p on a smooth portion of the surface. Also cos ( 7i",p—p”) is the cosine of the
angle between the normal 7 and the vector connecting the observation and the

source points P and Q in the transverse plane.

In our problem, the excitation is due to a magnetic line source in the z direc-

tion ( i.e. the TE case), and therefore we have only one component of H | nanieiy

' oH
H, . Accordingly V ", H, vanishes and -g-ﬂ-: equals anz’ d, where 4, is a unit vector
n
oH

in the direction of increasing z. Substituting for

-

we find that the term
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Fig.-2.1 Cross section of the scattering cylinder.
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—JjweE ; vanishes on the conductor, and for J, = H, using the relation J = /i XH on

the conductor surface in equation (2.2.1) gives

Hi(0) = 37.0) = 4 § 1.0V HE(klp—p1)cos (4", p-pYec”  (22)

Equation (222) is a Fredholm integral equation of the second kind for the ¢

directed surface current J, on a cylinder illuminated by a TE polarized line source.

2.3 Numerical Solution of the Integral Equation

In the last section, the problem of two dimensional scattering was formulated in

the form of an integral equation (2.2.2). This equation however is of little use unless

it can be evaluated analytically or can be computed numerically with the aid of a
digital computer, The choice between these two different approaches largely

depends on the characteristic dimension of the scatterer.

For scatterers of arbitrary shape, whose dimensions are either very small or very

large . with respect to the wavelength, Rayleigh scattering theory and the physical

optics approximation will yield fairly accurate results. In the intermediate range, the

numerical procedure known as the method of moments [24] has proven to be the
most efficient approximate method for obtaining results of acceptable accuracy. The
results of the application of this approach to scattering problems is essentially a
transformation of the original integral equation into a set of N linear equations in

N unknowns. A linear combination of the N unknowns forms an approximation to

the original unknown quantity appearing in the associated integral equation. The

above procedure may be written in a matrix equation of the form

[A] [f] = [g] | (23))

Where [A] is the coefficient matrix, [f] is the unknown quantity, and [g] is the
known quantity of the matrix equation. The matrix equation {2.3.1) may be solved
numerically. However, in methods using factorization or inversion, the required com-

puter time for solving (2.3.1) is given approximately by [25]
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T =aN2%+ bN3 | (232)

where a and b are proportionality factors, N is the number of unknowns (matching
points), aN ? and bN* account for the calculation of the coefficient matrix and the

solution of (2.3.1), respectively.

| The accuracy of the solution largely depends on the number of sampling _points
N and the approximate methods used for evaluation of the elements of the matrix
[A] [24}, since the determination of [A] requires approximate evaluation of the sub
integrals over N, a better accuracy would require more accurate approximation tech-
niques. This in turn results in a higher value for the proportionality factor a appear-
ing in (2.3.2) [25]. In view of the relation (2.3.2), it seems advantageous to keep N as
low as possible and use more accurate techniques for evaluating [A], which in fact,
within certain limits, yields the same accuracy with less computation time. However,
there is a limit on N, beyond which the accuracy of the solution would greatly be
impaired. Andreasen [26] has shown that for a smooth portion of the scatterer, the
distance between two adjacent sampling points must not exceed A/4 . Furthermore,

for regions close to the sharp edges, additional sampling points must be introduced.

2.4 Formulation by. the Method of Moments

In section 2.2 it was shown that a solution of the electromagnetic fields in the
presence of an infinitely long conducting cylinder of an arbitrary cross section
illuminated by a magnetic line source parallel to the axis of the cylinder can be

obtained from the relation
; 1 ik " . .
H;™(p)= 5 JeP) - ‘14— fcfc(p’) Hi(klp—p1) cos (%", p—p")dc (24.1)

Now, the unknown quantity in the iﬁtegral equation is J. and equation (2.4.1) can
be solved by the standard moment method prz)cedure.

For illustration purposes, the above formulation is applied to an £ —plane horn

structure whose axis lies on the x —axis and is excited by a magnetic line source




-18 -

parallel to the aperture vedges and located on the axis of symmetry. The contour of
integration c, however, will be as shown in Fig.-2.2, which also shows the procedure
for numbering the segments in a clockwise direction in preparation for a moment
method solution. The total number of subdivisions is 2§ ;. When pulse functions are
used in the expansion of the unknown surface currents, and point matching pro-
cedure is applied for testing [24], the appropriate matrix equation for the present

case will be in the form
[Amn] [Fo] = [Gpl (2.42)

where G is a vector of length 2§ representing the field incident from the magnetic
line source of unit intensity and zero phase. Assuming that the line source is located
at a distance p; from the origin of coordinates, then the m'® element of [G,, ] will be

given by

k

= g Ho Clon—p.D) (243)

G

where p,, is the radial coordinate of the center of segment m, and v the characteris-
tic impedance of free space. [F,] is the vector representing the unknown current
coefficients, and [A,,] is a (25{)X(25) coefficient matrix with elements given by

[24]

1 _

E 7 m=n i
Am=1 1 24,

'JZ'H 12 (k| Pm 'Pul) Cos v, (A ¢ n otherwise

where
COS Yy, = cos ( A%, |pm—p,l) ' (2.4.5)

Also (A ¢ ), is the length of the n"® segment while subscripts m and n refer to the

observation and source points, respectively.
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Fig.-2.2 Scattering structure of an E -plane sectora} horn.




-20-

Equation (2.4.2) as it stands, might need more computer storage and Central
Processing Unit (CPU) time for inversion than is necessary. One can make use of
the symmetry properties of the geometry and the excitation to reduce the computer
requirements for core storage capacity and execution time. Hence from Fig.2.2 it is
clear that two points on contour ¢ of the horn, symmetrically located with respect to
the x —axis, will have exactly the same value for both the incident field and the sur-
face current. Using the segment numbering shown in Fig-2.2, it might be easily

deduced that

G;=Gs+1-4) (2.4.6)
and

Fi=F(541-1) (2.4.7)
Using (2.4.6) and (24.7) in (2.4.2); one obtains a new matrix equation, namely

A ma] [F 2] =[G ml (2.4.8)

where [F 7] and [G ", ] are now vectors with S, elements each, and [A7,,] is an
§ 1 X8| square matrix. Solution for [F °,] gives the surface current on one side of the

horn. The matrix elements will now be given by
Fo,=F, ; G,=G, m=1.2,..5, | (249)
and

A=Ay, 4, ;23 +1-n) m=n=1,23,..5, (2.4.10)

The new coefficient matrix [A °,,] now is stored in a space which is only one quarter
of that needed for the original matrix [4,,] of (24.2). In addition, since the number
of columns and rows has been reduced to half each, the total inversion time is

reduced to one eighth of its original value [24].
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Since the scattered field H* at point p is related to the incident field H™ and

the total field H at the same point through
H(p) = H(p) — H™ (p) (2411)

it is easily realized that the formula needed to compute the scattered field is given by
the right-hand-side of (22.1), after omitting the term with H” and making the sub-
stitution T =1 . Considering the same argument discussed above in deducing equa-
tion (2.2.2) from (2.2.1), one obtains the following expression for the scattered mag-

netic field at the point (p,d) in the transverse plane

H(p,$) = ~’-I Jo(pycos v HE(k|p~ p1)dc” (24.12)

where the parameters are defined as before.

In evaluating the scattered field at far distances using (2.4.12) we let p tend to

infinity and substitute for the Hankel function by its asymptotic form, namely [27]

pl_i.n;le(klp"p1)= \ /:iﬁ)— je kP gikpeos(d- &) (2.4.13)

then using the solution for the current J - (p") as obtained from the solution of (2.4.8)

at the discrete points p, “ one finally obtains for the scattered field

Hp.0) = \/ L e 2 W, )"I( p)l P B8 A0y (2414)

The total radiated field at a point (p,d) is obtained as the sum of the incident field

plus the scattered field. Hence, we have
—k '
H (p,$) = T Hiklp~ psl) + B (p,4) (2.4.15)

where p is the position vector of the excitation line source.

. Equation (2.4.8) was programmed on a digital computer and solved using the

IMSL [28] program library, for different horn and reflector designs. The
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corresponding radiation field patterns were then evaluated using (2.4.15). For struc-

tures that have no geometrical symmetry, equations (2.4.2) and (2.4.15) are used for

evaluation of their field patterns.
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CHAPTER II1

Aperture-Matched Horns and Waveguides

3.1 Introduction

In many problems involving far field patterns of horn antennas, analytic solu-
tions are possible for few geometries and can only be generated easily for ordinary

conventional horns whose apertures are modified by simple geometries. For

geometries involving horns with arbitrary shaped edges such as ellipses and spirals,
numerical solutions must be utilized. The first part of this chapter presents the far
field patterns of plane-flange aperture matching of horns. The second part deals with
convex shaped cylindei‘ aperture matching, and presents field patterns of elliptic and
spiral matched horn apertures. For comparison purposes, the unmatched horn is the

optimum gain horn defined by Schelkunoff [29].

It should be pointed out that the moment method does not allow infinitely long
horn walls or feed waveguides. The latter are selected at 2\ length with line source
along the axis at 0..6)&. from the shorted end of the waveguide which proved adequate
for exciting the TE 3; mode in a semi infinite waveguide. It should also be pointed

out that since the peak of the radiation pattern is always normalized to 0dB, an

increase or decrease in the sidelobe level means a corresponding increase or decrease
in the radiation pattern envelope (RPE) as done in antenna analysis. Radiation pat-
tern envelope is a curve that describes the trend of the sidelobe peak levels in the

radiation pattern plot of an antenna.

..f:'u‘f-f‘ﬁ"f;':'-E.v;‘sv\.:‘-'fﬁ;:z::;\‘,:;T?ZKEA?—<‘-‘§'§~;:;: ﬁ:a’%’%{%‘r“ B D N AR N A S RS S Gl T o ol
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3.2 Aperture-Matched Horns

The numerical simulation of the optimum gain horn, which is referred to all
throughout as the "conventional” horn, starts with a polygonal cylinder excited by a
magnetic line source. Because the formulation of the scattering problem discussed in
Chapter II followed an MFIE approach, a closed surface must be used in the simula-
tion. Hence, a finite thickness is introduced for all the metallic walls of the horn. In
this case, current magnitudes in the inside and outside walls of the horn are
evaluated more accurately. The excitation of the horn is achieved by placing a mz-ig- :
netic line source in an appropriate position inside the feed waveguide of the horn as
shown in Fig-3.1. A sufficient length of the feed waveguide is used to ensure the
propagation of a TEj; mode in the throat area of the horn [30]. A schematic
diagram of the simulated horn with its dimensions is shown in Fig-32. The
corresponding field patterns of this horn for different wall thicknesses are calculated
and compared with results based on the aperture integration method for an identical

horn using equation (3.2.1) [31), i.e.
E¢= I (1+ COos d)) F(f ’1, t ’2) (321)

where,

b
ty= \ /—| — Tl — pysing (3.22)
mP1 J

4 y

| by |
t’ — ——— + — I 3-23
2 \/ — 2 Plsmfbj | (323)

.

Fipt=[C0t)-Ce I -jlStD-5¢] (3.24)

where b, and p, are dimensions of the E -plane sectoral horn as shown in Fig-3.3,
c (x) and S (x) are known as the cosine and the sine Fresnel integrals, while / is a
normalizing factor. The results are shown in Fig-34. These results show that for a
wall thickness of 0.I\ the corresponding field pattern is almost identical to that com-

puted using aperture integration method except in the region of $=90° to 180°, this
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Fig-3.1 Geometry used in the simulation of the feed waveguide with the magnetic

line source placed at Q.61 from the closed end of the structure.

Fig-32 Schematic diagram of the simulated conventional horn having a wall jer:gth -

of 7.7, semi flare angle of 15377, and wall thickness g .
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Fig.-3.3 E -plane sectoral horn.
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Fig-34 E -plane radiation patterns of sectoral horns with different wall thicknesses.
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is due to the fact that the edge diffracted fields at the horn edges are not included in
the derivation of equation (3.2.1), while the numerical formulation of Chapter I
takes such fields into account. As a result, the thickness of 0.IA is chosen
throughout all computations. In the following sections aperture mat#hing of horns is
done by attaching flat and convex shaped flanges at the aperture edges of the conven-

tional horn.

3.2.1 Plane Aperture-Matched Horns

In this section the far field pattern of plane aperture-matched horns are calcu-
lated. This type of matching involves a flat plane section attached to the aperture
edges of an optimum gain horn. This plane flange can have an arbitrary eléctrical
length d and is mounted at an arbitrary angle with respect to the flared walls of the

horn.

One type of plane matched horns is shown in Fig.-3.5. This type, which is desig-
nated as Case [, has a plane flange of length d perpendicular to the axis of the horn.
A comparison of Case I matched horn for d =2\ and the conventional horn field
patterns is shown in Fig-3.6 which shows a reduction in the sideiobe levels in the
$=90? to 180° region achieved by the matched horn. Fig.-3.7 shows the response of
the field éatterns due to an increase in the electrical length of the plane flanges for
Case I matched horn. In Fig-3.8 the patterns of Case / horn are computed at
different operating frequencies and the plots show a significant frequency depen-

dence for such type of aperture matching.

~ Another type of plane matched horns designated by Case I/ is shown in Fig.-
3.9. The plane flange in this case makes an angle a with the flared walls of the horn.
An angle a=0° corresponds to having the flared walls increased by d. An angie
a=90° corresponds to a plane flange perpendicular to the flared walls of the horn.
Fig.-3.10 shows the field patterns for Case Il matched horn for different values of
flange flare angle o and for d =2A. It is noticed that for «=90°, where the edges

are sharpest relative to the other cases of a=0° and a =45, high sidelobe levels are
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Fig-35  Flat plane aperture-matched horn case I of Bange length d.
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Fig.-39  Flat plane aperture-matched horn case II with the matching flange having

a length d and making an angle a with the flared wall of the horn.
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observed in the $=60° to 120° region.

3.2.2 Ellipse Aperture-mtchéd Horns

Another type of aperture matching investigated here is designated as the
ellipse-matched horn and is shown schematically in Fig.-3.11, where an ellipse is
tangential to each wall at the edge and the major axis of each ellipse is parallel to the
adjacent wall. In this type, a section of an elliptic cylinder with semimajor axis A
and semiminor axis B is added to our conventional E -plane horn. It should be
noted that the segments used to simulate the horn boundary in the numerical solu-
tion are the same segments used to draw the shapes of the simulated horns shown in
the figures except for a scaling factor. This applies to all structures simulated in this
thesis including the horn with elliptical flanges shown in Fig.-3.11. Fig.-3.12 shows a
comparison between the computed patterns of an ellipse-matched horn using 3/4 §f
the cylinder surface for A=3A and B=1.5A and that of a conventional horn. A
significant decrease in the sidelobe level over a wide angle range is achieved by the
elliptical flange matching of the horn aperture. A broader beam width of the
matched horn is also observed and this can be attributed to the tapéring of the field
in the aperture. In Fig.-3.13 the radiation pattern of the field in the elliptic matched
horn of Fig.-3.11 for A =3\ and B=1.5\, is computed for different lengths of the
elliptic cylinder. These patterns show that matching with one quarter of the elliptic
cylinder is énough to cause a significant decrease in the level of the near side lobes.
A comparison of the far field horn patterns with elliptic and circular cylinder aper-

ture matching are shown in Fig.-3.14.

In order to investigate the frequency dependence of such type of aperture
matching, the patterns at different operating frequencies are computed and shown in
Fig-3.15. Smaller dependence on frequency is observed for such aperture matching
as compared with plane flange aperture matching already presented in section 3.2.1.
An investigation for different electrical sizes of the elliptical cylinders shows that the
field patterns in Fig.-3.16 have lower side lobe levels with increasing value of A /A

with B /A= 0.5,




Fig-3.11 Ellipse aperture-matched horn with the ellipse flange having a semi major

axis A, and a semi minor axis B.




- 37-

e &-CONVEN. HORN
X-ELLIP. MATCHED HORN
) (A/A =3 B=A/2)
o
"
D
oJ ;(
]
e
2
e ! . nzh}’ﬁf\f\ f D /
=
: 7 ww\fw f\ﬁ
0
Ll
>2 A MEDE
: | ;ﬁy v V \[ \Q/
= X
—
(W]
a-
]
(9]
1
8 & -REL. POWER(O} 0.0 DB
’ X -REL. PBWER(D) -.76 DB
o
o 1 3 | :
a 3D G0 90 120 150 1B0

PHAI IN DEGREES

Fig-3.12 E-plane radiation patterns of conventional and ellipse-matched sectoral

horns.




S e e e B G T T S R

.38 -

= ®-3/4 ELLIP. MRTCKHING
X-1/2 ELLIP. MATCHING
¥-1/U0 ELLIP. MATCHING
CID [R/A =2 B=RA/2)
[{a]
< L
_ m
e
U‘_—:l“
| L
=
o D
g o
% N
o Z -
o - ) .
o ) | )
4 « \
: o
R > ‘
o il | ﬁ
= ©-REL. POWERID) 0.0 DB 1l
L T X -REL. POWER(0] 0.0 DB
- % -REL. POWER(0) .02 DB ' u
g <
H 1 :
‘9 30 50 ‘ 120 150 180

a0
PHAI IN DEGREES
Fig-3.13 E -plane radiation patterns of ellipse matched horns for differnt lengths of

the ellipse flange.




-39.

®-A=3A B=R/2
X-A=B=1.5 A

-10

-20

-30

RELATIVE POWER (DB)

-50

<& ~-REL. POWERI(D) ©.0 OB
X -REL. POWERI(D) .2% OB

-G0O
)

70

o 30 BD

90 120
PHAI IN DEGREES

p—

50 180

Fig-3.14 E -plane radiation patterns of ellipse and circle matcised sectoral horns.




“ &-FREQ. =6 GHZ
X-FREQ.=7 GHZ
¥-FREQ.=8 GHZ

E {(HRLF ELLIPSE)

H

o

)

i

o
(am)]
ID
TRk
=
(]
a1
Ll
)
,__‘2"
|_|
[an
—J
(W]
-

o

(Tp]

! q

& -REL. POWER(O) 0.0 DB

(o]

© X -REL. POWERIO) .81 DB

% -REL. POWER(0) -.84 DB

[}

[t ¢ t

'D 30 60 30 120 150

FPHRI IN DEGREES

Fig-3.15 E -plane radiation patterns of ellipse matched horns at different frequencies

with A =3\, B=A /2 at F=8 GHZ.

180




-41-

© ®-A=1A B=R/2
X-A=2A B=A/2
®k-8=3A B=R/2
o (HALF ELLIPSE!
I
w
n
@
O
D::l‘
L__L?-.Jr}'
)
o
Ll
= 0
m % <.
— “
= |
< |
[N 3
EE m
[am ] X
=
1
& -REL. POWER(0) 0.0 DB &H
o
= X -REL. POWER(D) .13 DB
¥ -REL. POWER(0) .34 DB l l
© A
ulj T ¥ T
0 30 50 30 120 150 180

PHAI IN DEGREES

Fig.-3.16 E -plane radiation patterns of ellipse matched horas with different ellipse

flanges size.




B e b A A kA oA A

3.2.3 Spiral Aperture-Matched Horns

Fig-3.17 presents field patterns of elliptic and spiral aperture matched horns
compared with the conventional horn pattern. The spiral matched horn is shown in

Fig.-3.18, where A” and B~ are defined and introduced to match the ellipse dimen-

sions as close as possible so that a fair comparison is made. More analysis of spiral
aperture matching is done in the next section. The spiral geometry used is a hyper-
bolic spiral and has the polar equation ér=8", ¢ beiﬁg the polar angle, r polar
radius, and B~ is the asymptote of the spiral at small polar angles. The spiral dimen-

sions are defined as:

A’ : distance between the starting point of the spiral and the 180° point, with the
0° angle as shown on the spiral of Fig.-3.18.

B’ :is the asymptote width of the spiral.

v : tilt angle of the spiral, i.e. the angle between the 0° axis of the spiral and the

waveguide axis.

Examination of the far field patterns of plane flange, elliptic and spiral cylinder

aperture-matched horns indicates that a convex structure can achieve more sidelobe

level reduction and lower frequency sensitivity than flat structures.

3.3 Aperture-Matched Waveguides.

The first part of this section deals with aperture matching of waveguides using

elliptical flanges, where in this case the flanges are directly attached to the waveguide

aperture with the edges being along the tingency line as before except when the

major axis makes an arbitrary tilt angle relative to the waveguide axis.

The flanges have significantly large electrical size compared to the waveguide

size. The behaviour of the field patterns is investigated when varying the tilt angle B
of the ellipse relative to the waveguide axis. The second part is a similar analysis
where spiral shaped flanges are used for aperture matching and the corresponding
field patterns are computed. The spiral geometry used here is the same as already

described for spiral matched horns.
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Fig-3.18 Spiral aperture-matched horn with the spiral flange having dimensions A °,

B’, and a tilt angle y with the horn axis,
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3.3.1 Ellipse Aperture-Matched Waveguides.

The waveguide used in this section is identical to the waveguide used in feeding
the conventional horn as described earlier. Fig.-3.19 shows an elliptical cylinder with
semimajor axis A and semiminor axis B, added to a waveguide apertﬁre with tilt
angle equal 0°. The tilt angle of this structure is defined by the angle between the
major axis of the ellipse and the axis of the waveguide as shown in Fig.-3.19a. Fig.-
3.20 shows field patterns of ellipse matched waveguides with zero tilt angle for
different sizes of ellipses and fixed minor to major axis ratio of 05. A broad beam
width and low RPE level are observed. Fig.-3.21 shows field patterns for different
minor to major axis ratios. Field patterns are also computed for various lengths of
the elliptic cylinder and are shown in Fig-3.22 which shows that sufficient length of
the elliptic flange must be included to achieve a desired pattern. Half a flange
corresponds to a half (or 180°) ellipse. Frequency dependence of such aperture
matching is shown in Fig-3.23. A significantly wide beam width is achieved with tilt-
ing of the elliptic flange by angle § as shown in Fig.-3.19a. Field patterns are com-
puted for different values of tilt angle f with A equal to 7.42\ and B equal to A/2
and using 120° (i.e. one third) of the ellipse. Plots of these patterns are shown in
Fig.-3.24 and indicate slight increase in the RPE level accompanied with broader

beam width for an increase in the tilt angle.

3.3.2 Spiral Apertore-Matched Waveguides.

As mentioned earlier the spiral geometry used in this section is a hyperbolic
spiral curve with the equation ¢r= B". The dimensions of the spiral used in the

simulation of the spiral matched waveguide are shown in Fig.-3.25 and are defined as

in section 3.2.3. These dimensions are defined in a way to match as close as possible

the dimensions of the ellipse in the inner region of the matched antenna so that, if
desired, a fair comparison can be made between the elliptic and the spiral matched
apertures. Fig.-3.26 shows far field patterns of a spiral matched waveguide for vari-
ous electrical sizes of the spiral flange with tilt angle y=0°. A wide Beam width and

relatively low sidelobes are observed. Fig.-3.27 shows field patterns, with A =7 42\,




Fig-3.19 Ellipse aperture-matched waveguide with the ellipse flange having a semi

major axis A, a semi minor axis B and tilt g=00.
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Fig-3.19a Ellipse aperture-matched waveguide with the ellipse flange having a semi

major axis A, a semi minor axis B, and a tilt angle 8.




e ®-A=7.U2A B=R/2
X~-A=5A B=A/2
¥-A=3A B=A/2

© \X

1

{0

1 \

y= \
o \x\
L "X
a.
Lt
> W?\A R
1-_l
cC
B
TN
o
(o]
' i
& -REL. POWERIOD} 0.0 DB
@© &
T4+————X -REL. POWER (D) -.5 LR
% -REL. POWER(O) -1.28 DB &

w

w0 t

D 30 120 50

Fig-3.20 E-plane radiation patterns of ellipse matched waveguides for different

ellipse flange sizes.

50
PHAI

a0
IN BDEGREES

180




-49 .

© ®-A=7.42A B=A/2
X-A=7.42A B=A/Y
w \&
n
o
.8
0:3‘
w® .
= \w\x
D \X\/}
G-
(W}
Z v\f\ [ [\ Yoo DA w
— S
—
Lid
o
o
@ & -REL. POWER(0) 0.0 DB )
' X -REL. POWER(0) .63 DB |
(i)
L 1
0 30 120 150

B0
PHAI

90
IN DEGREES

180

Fig-321 E -plane radiation patterns of ellipse matched waveguides for different

major to minor axis ratios.




= ®-180 DEGS. OF ELLIP.
x-120 DEGS. OF ELLIP.
¥-30 0OEGS. OF ELLIP.
’ [R=7.Uu2A\ B=R/2}
EID \\XQ

-16

A

RELATLVE POWER (DB)
ﬁg
[
K

et
& -REL. PGWER(0) 0.0 DB
w -
F 4 X -REL. POWER(D) 0.0 DB
¥ -REL. POWER(D) 0.5 OB &
(D ‘
ulj — 1 1 T
0 30 50 90 120 150 180

PHRI IN DEGREES

Fig-322 E -plane radiation patterns of ellipse matched waveguides with different

fiange .engths.




-51-
k-3
=1 ©-FREQ.=6 GHZ
‘fg X-FBEQ.=7 GHZ
%\ ¥-FRED.=8 GHZ
’ﬁg\ (T{LT=0 DEGS.!
° N
R
\\
o \%ﬂﬁ\b
H \\\
— \)ﬁ
m
(]
s \ o
ol
3 W
[
. ’(m&
L \f 1
> r’(\f’rﬂn& N A n
:I w 4'% ‘| ¥ j
- |
— |
(]
m \ |
2 ' \ el
& -REL. POWERID) 0.0 OB \A
°=?— X -REL. POWERID) .75 DB i '
% -REL. POWER(0) -.uS DB
w
e 1 i T
'0 30 60 30 120 150 180

PHRL IN DEGREES

Fig-323 E -plane radiation patterns of ellipse matched waveguides at different fre-

quencies, A =7.42\, B=A /2 at F=8 GHZ.




-52.

e =
= gfg%q{ TR ®-ELLIP. TILT=0 DEGS.
ey \*\\ X-ELLIP, TILT=30D QEGS.
% H¥-ELLIP. TILT=90 DEGS.

- e >\<\ i_m:?.uz/\ B=f/2 120 DEGS.)

i \E\R )\\ x\

© \ \‘3
s \
e [
a- T \q\ f\
€T ’

1 W H
: i i
o ! I
L MW ' %\ﬂ |
2y Ealy il Rl
= Tl WW |
-l
u ; [ \
a-

2 it !

& -REL. POWER(0) 0.0 DB
b
=4+——— X -REL. POWER(D) -2.8 DB
X ~REL. POWER (0} -7.4Y DB

w

W 1 I

‘o 30 50 a0 120 150

PHAT IN DEGREES

Fig-3.24 E -plane radiation patterns of ellipse matched wavegnides at different tilt

angles 8.

180




St S O

S s e e

-53.

Fig-3.25 Spiral aperture-matched waveguide with the spiral flange having dimensions

A”B’, and a tilt angle y with the waveguide axis.
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B’=A"/2, and a tilt of 30°, computed for various electrical lengths of the spiral.
Low frequency sensitivity is observed in Fig.-3.28 for the matched waveguide patterns
computed at different frequencies. Changing the tilt angle of the spiral flange is also
investigated and corresponding field patterns are computed and shown in Fig.-3.29.
A significantly broad beam is observed with relatively low back lobe levels with

increasing tilt angles.

In this section field pattern of ellipse and spiral aperture-matching of
waveguides were investigated. It is shown also that very broad pattern (i.e. 160° half
power beam width) and back lobes around —30dB can be achieved by using spiral
aperture matching of a waveguide. It should be noted that although the numerical
method used in solving for the field patterns requires the use of at least 10 segments
per wavelength, up to 40 segments per wavelength were used to simulate the curved
surfaces, so that more accurate simulation of the geometry is achieved especially in

the spiral zone where the slope varies rapidly.

3.4 Discussion

It should be clear that the terms that determines the shape and power level of
the horn field pattern are directly related to the geometric shape and excitation of
the horn antenna. In the case of a pyramidal horn, the dominant propagating mode
within the the horn has uniform amplitude in the E -plane and a sinusoidal ampli-
tude distribution in the H -plane in which the field vanishes at one pair of the walls.
Thus, only diffraction by the E -plane edges contributes significantly to the E -plane
and H -plane diffraction patterns [32]. Examining the E -plane of a pyramidal horn
using the geometrical theory of diffraction (GTD) analysis suggested by Russo ez al.
[32], indicates that the horn pattern is dominated by three terms i.e., direct throat
radiation plus two edge diffraction terms as illustrated in Fig-330. The throat
region appears as an electrically small radiator having a smooth pattern across the
horn flare angle and zero otherwise. On the other hand the ap_em_irc edges are
widely separated from the throat and they interfere constructively and destructively

with the throat radiation especially if the edge difiractions are of significant
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magnitude as in the conventional E-plane horn pattern case. The basic first-order

diffraction equation that describes the above mentioned situation is given by [33], i.e.
E‘=ED(d s y)A(d s Je Ik’ _ (34.1)

where E' is the field incident on the edge, D(d ",s",y") is the diffraction coefficient
associated with appropriate geometry and A (d “,s ) is the diffracted field spread fac-
tor. d° is the distance from the source to the diffraction point, s~ is the distance
from the diffraction point to the receiver, and v~ represents the various angular

* dimensions associated with the shape of the given geometry.

As stated earlier, the dual and hybrid-mode horns reduce the magnitude of the
diffracted field E? in equation 3.4.1 by reducing the magnitude of the field E'
incident on the edge and an improved pattern performance was hence achieved.
Another approach in reducing E? is done by modifying‘ the geometry of the struc-
ture at the edges in order to reduce the magnitude of the diffraction coefficient
and/or spread factor [19], and this was done by the aperture-matched horas intro-
~ duced by Burnside [19], and analyzed in this chapter. When an incident ray strikes a
smooth, curved perfectly-conducting surface at grazing incidence, part of its energy
is diffracted into the shadow region as illustrated by Fig-3.31 [34]. In Fig.-3.31, the
incident wave undergoes reflection from the illuminﬁted portion of the scatterer and
undergoes diffraction at the shadow boundary at point A; which is Va point of
tangency for the incident ray. At this point a portion of the energy is trapped result-
ing in a wave which propagates in directions tangent to the surface(e.g. point B,).
This wave that propagates along the surface is known as creeping wave. The creep-
ing wave can be described by a launching coefficient at the point of capture, by a
diffraction coefficient at the point of radiation, by an attenuation factor to account
for the rate of radiation, and by a description of the path on the scatterer traversed

by the creeping wave.

Physically, the diffracted rays originating from the aperture edges are due to the
sudden interruption of the flow of the current at the edges of the horn walls. Since

infinitely long horn walls "are physically impossiblé, attaching smooth convex
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structures to the horn edges provides an easy way to remove the discontinuity of the
edge and shifts it to a position where the current has a relatively low magnitude due
to radiation, resulting in a lower magnitude diffracted field radiating away from the
aperture area of the horn as done in the aperture-matched horns. The aperture

matching of the horns and waveguides analyzed in this chapter used flat, and convex

(¢lliptic and spiral) shaped flanges to provide a continuous path for the current
(creeping current). Fig-3.32 shows the GTD pattern analysis model of an ellipse
' ﬁperture-matched horn, and shows in this case the diffracted field along the ellipse

surface radiating away from the aperture to the outside back region of the horn.

" A significant reduction of sidelobe and backlobe levels in the field patterns of

horn and waveguide antennas is achieved when adding curved conducting flanges to
the edges of these antennas. In this case the fields incident from the feed waveguide
on these curved surfaces will diffract in a way that was described earlier radiating
gradual_ly in the sidelobe and backlobe regions of horn and waveguide antennas.
Aperture matching with a flat plane flange reduced the side and backlobe levels
slightly as compared with the conventional horn. The convex shaped flanges pro-

vided a smoother discontinuity for the antennas, which decreased still further side

and backlobe levels. More reduction in side and backlobe levels is observed for

electrically larger curved flanges because of the smooth transition between the horn
walls and free space. A broader beam width for convex flange aperture matching is | '

also observed. This is due to the tapering of the aperture field of the waveguide

since now the aperture field is terminating along a wide curved surface while before
the termination was along a thin edge. Also better performance at higher frequen-

cies is observed for such aperture matching, which is attributed to the convex flanges

being electrically larger. Comparing ellipse and spiral flange aperture matching, it is

observed in the case of horns that both geometries have similar effects on the
sidelobe level reduction. In the case of waveguide aperture matching, the spiral pro-
vided a slightly better performance than ellipse aperture matching especially in the

case of flared aperture-matched waveguide.
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Fig-3.32 GTD E -plane pattern analysis for a convex ﬂange aperture-matched horn.
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CHAPTER IV

Aperture-Matched Cylindrical Reflectors.

4.1 Introduction

In this chapter the concept of attaching of curved (elliptical and spiral) flanges
to the edges of an aperture antenna is applied to cylindrical parabolic and offset
cylindrical parabolic reflectors. Although aperture matching has a practical use in
compact ranges which only involves the near field pattern of the range reflector,

aperture matching causes a significant reduction in the far lobe levels of reflectors.

4.2 Aperture-Matched Parabolic Cylindrical Reflectors.

The simulation of the problem for a numerical solution, involves a cylindrical
parabolic reflector having size D =10\, f /D =.433, and the edges of the reflector are
subtended in a 120° angle when viewed from the focus. This reflector is illuminated
by 11dB tapered field supplied from an actual feed horn excited by a magnetic line
source. The dimensions of the reflector and its feed are shown in Fig.-4.1. It should
be noted that such simulation of the antenna includes the diffraction by ail the
edges, the coupling elements, and also the feed blockage of the secondary pattern of
~the antenna. Thus all diffraction effects are included in the numerical solution
~except for the effect of the struts that hold the feed. The horn feed used to
illuminate the reflector, whose field pattern is shown in Fig.-4.2, provides 11dB taper
~and has a relatively high back lobes (—18dB). Other feeds with lower side and back
lobes could have been used, but this would have required extensive computations
and computer capacity, and hence would have limited the flexibility of using rolied
flanges at the reflector edges. For a maximum gain reflector the phase center of the
feed must coincide with the focus of the reflector. This was taken care of by run-

ning several computations for different positions of the horn, and the feed position
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Fig-4.1 Schematic d'iagram of the simulated cylindrical parabolic reflector with

D =10x, f /D =.433, and wall thickness of 0.1A.
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for the maximum gain pattern is chosen.

4.2.1 Ellipse Aperture-Matched Parabolic Cylindrical Reflectors.

In this section investigation of the elliptical flanges attached to the reflector
edges is investigated. An elliptic cylinder, as before, will have a semimajor axis A
and a semiminor axis B as shown in Fig-4.3. Fig-4.4 shows the field patterns of the
unmatched and elliptic matched reflectors with A =4\ and B=2\. The plots show a
decrease in side lobes in the $=100° to 120° region and a considerable decrease in
the back lobe levels achieved by the matched reflector. Investigating the effect of
using different electrical lengths of the ellipse is done for A=4\ and B=A/2, and
the field patterns are computed and shown in Fig-4.5, where a 180° ellipse is the
half ellipse shown. Field patterns are also computed for different electrical sizes of
the elliptical flanges and are shown in Fig.-4.6. This figure shows that more side and
back lobe reduction is achieved with electrically larger flanges. Frequency depen-
dence is also investigated and Fig-4.7 shows patterns of a matched reflector com-

puted at different operating frequencies.

4.2.2 Spiral Aperture-Matched Parabolic Cylindrical Reflectors.

Here a hyperbolic spiral is used for aperture matching of the reflector. The
dimensions A” and B~ of the spiral follow the same definitions given in section 3.2.3.
Fig-4.8 shows radiation patterns of the unmatched cylindrical reflector of Fig.-4.1
and a spiral matched reflector of Fig.-4.9 corresponding to A =4\, and B =2\.
These plots show significant far and back lobe level reduction achieved by the spirat
matched reflector. Fig.-4.10 is a plot of field patterns for different electrical lengths
of the spiral whereas Fig.-4.9 shows a 420° spiral for illustration purposes. Fig.-4.11
shows field patterns of matched reflectors for various electrical sizes of the spiral.
Lower side and back lobes are also observed for electrically large spiral matching. -
Frequency dependence is also checked for spiral matched reflector and correspond-

ing plots computed for different frequencies are shown in Fig.-4.12.
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Fig-43 Elliptic aperture-matched cylindrical parabolic reflector with the ellipse

flange having semimajor axis A, and a semiminor axis B.
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Fig.-4.9 Spiral aperture-matched cylindrical parabolic reflector with the spiral having

dimensions A", and B ",
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Fig-4.13 shows field patterns of a spiral and ellipse matched reflector, with their
matching flanges having almost similar electrical sizes. It is observed in these plots
that there is no major change in the $=0° to 90° field pattern levels, which is attri-

buted to the blockage of the feed horn on the secondary pattern of the antenna.

4.3 Apertuore-Matched Offset Parabolic Cylindrical Reflectors.

In this section both ellipse and spiral aperture matching of reflectors are imple-
mented. The blockage of the feed horm is avoided by using an offset parabolic

cylindrical reflector. The reflector is chosen to have a diameter D of 20\ and f /D

ratio of 433 and subtended by an angle of 120° when viewed from the focus. The
reflector section chosen for the offset part is that whose edges are subtended by an
angle of 40° (20° to 60°) when viewed from the focus, with the aperture size L~

equal to 7A as shown in Fig.-4.14,

The feed horn, whose phase center is located as close as possible to the focus of
the reflector, is tilted by an angle of 40° so that the peak of the feed horn pattern is
located at the center of the reflector surface. The feed horn whose pattern is shown

in Fig.-4.15 illuminates the reflector with a 7dB taper.

Fig.-4.16 shows computed field patterns of an unmatched reflector and an ellipse
matched offset reflector shown in Fig.-4.14a, for cases A =28\, B=1.4\ and A=1.4},

. B=0.7\, respectively. As before, a significant decrease in the back lobe and far side

lobe levels is achieved for ellipse matching.

To reduce the blockage of the horn caused.by the addition of the elliptic flange,
a smaller size flange is aﬂded to the lower edge of the reflector as shown in Fig.-

4.14b. The corresponding pattern is computed and is shown in Fig.-4.17 together

with the previous ellipse matched cases.

A spiral aperture-matched offset parabolic cylindrical reflector with a feed horn
are shown in Fig.-4.18. The spiral flange has A "=2.8X and B "=1.4\, where A “and B~

have the same definitions as before. The corresponding far field pattern is computed

and plotted together.w'ith the case of an unmatched reflector in Fig-4.19. A



R

-78 -

&-SPIRRAL MATCHED REFL.
X-ELLIP, MATCHED REFL.
[R=UA B=R/2)

-10

A

-30

-un

RELATIVE POWER (DB)

ah

. *x
"¢ -REL. POWERID) 0.0 DB
) X -REL. POWERI{Q) .10 DB ‘

7 30 6D 90 120 150 180
PHRT IN DEGREES

-50

-G

70

Fig-4.13 E -plane radiation patterns of spiral and ellr‘iptic matched cylindrical para-

bolic reflectors, for D =10\, f /D =433, and A=A =4\ B=B"=2\.




.79 .

Fig-4.14 Schematic diagram of the simulated offset cylindrical parabolic reflector

with D =20X, F =433, and L "=7X\.
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Fig-4.14a Elliptic aperture-matched offset cylindrical parabolic reflector with the

ellipse flange having semimajor axis A, and a semiminor axis B .
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Fig-4.14b Elliptic aperture-matched offset cylindrical parabolic reflector with

different ellipse flanges at each edge.
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significant decrease in the back lobes is observed for such aperture'matching.

In this section the field patterns of the offset parabolic cylindrical reflector are
computed for different types of aperture matching. Elliptical and spiral flanges of
different electrical sizes were used, and it was observed that there is a significant

back lobe reduction of up to 10dB for an ellipse with A =28\ and B=14A. A

slightly narrower main lobe pattern is also observed, and this can be attributed to a

more uniform field distribution in the aperture of the matched antenna.

4.4 Discussion

Cylindrical reflector radiation patterns are subject to interference by edge
diffracted fields in a way similar to horn antennas. Fig.-4.20 illustrates the contribu-
tion of the diffracted rays from the reflector edges in addition to the reflected ray at
the field point. The way in which the reflector surface is terminated affects
signiﬁcantly the radiation properties of the reflector. The reflected field from the
reflector surface abruptly stops at the surface termination and, since electromagnetic
fields must be smooth and continuous, a very strong diffracted field will emanate

from the terminating edge. Using a single straight edge, the diffracted signals about

the edges will be strong because of the direct edge illumination of the edges as
shown in Fig.-4.20. As in the horn case, this diffracted signal will interfere construc-
tively and destructively with the signals reflected from the reflector antenna surface.

As illustrated before in section 3.4, attaching smooth convex shaped flanges at the

edges will provide a continuous path for the currents flowing on the reflector sur-
face, and hence the radiation from the matched edge will be directed away from the
aperture region of the antenna as shown in Fig.-4.21 [21). The field pattern plots

reported in this chapter show minor changes in the level of the near lobe levels for

the matched reflector cases when compared with the unmatched reflector. This is
attributed to the fixed feed blockage of the reflector antenna. As in the hora case
lower back lobe levels are observed when matching the reflector with electrically

large convex shaped flanges.
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Reflected ray

Reflected ray

Fig-4.21 GTD terms for aperture-matched cylindrical parabolic reflector £ -plane

pattern.
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CHAPTER V

Capped-Edge Horn Antennas

5.1 Introduction

In the previous chapters two different approaches of reducing side lobe levels of
horn antennas were presented. The first approach which is implemented by the dual
and hybrid-mode horns, is based on reducing the magnitude of the incident field to
the horn edges, hence reducing the diffracted fields. The second approach is in
reducing of the magnitude of the diffraction coefficient at the edges of the horn and
is done in the aperture-matched horns. In this chapter an alternative approach is fol-
lowed for reducing the side lobe levels of a horn. This approach involves capping
the edges of the horn by an appropriate metallic structure, hence shielding the.radia-
tion sources that interfere destructively with the fields emitted from the hox;n aper-
t.ure. The choice of these structures is such that a proper redirection of the
diffracted radiations from the edges is achieved. These structures should also intrd-
duce a minimum aperture blockage of the horn antenna. Two types of edge-capped

horns are shown in Fig.-5.1 and Fig.-5.2.

5.2 Ellipse Capped-Edges Horn Antennas

In this section a preliminary investigation of the capped-edge horn antenna is
reported. Such edge capping involves an elliptic cylinder to shield the edges of the

same conventional horn used in the previous analysis.

Firstly, a whole elliptic cylinder having its major axis parallel to the walls of the
horn is used for shielding of the horn edges and is separated from the horn walls as
shown in Fig.-5.1. The clearance between the elliptic cylinder and the horn walls is
introduced to insure that there is no flow of conduction currents in the ellipse struc-

ture. Fig-5.3 shows field patterns of the ellipse capped-edge horn of Fig.-5.1 and the

3
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Fig-5.1 Schematic diagram of the simulated ellipse(whole ellipse) capped-edge horn

‘with the ellipse flange having semimajor axis A =1\, and a semiminor axis B =0.5A.

52

Fig.-5.2 Schematic diagram of the simulated ellipse(half ellipse) capped-edge horn
with the ellipse flange having a semimajor axis A =1, and a semiminor axis B =0.5A

with a clearance ¢ “ from the walls of the horn.
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conventional horn, with the ellipse having a semimajor axis A =I\ and a semiminor
axis B=A /2. These plots show an increase in the field pattern level of the capped-
edge horn compared with the conventional horn which can be attributed to the fact

that the problem now is similar to scattering by two elliptic cylinders.

Fig-54 shows field patterns of a capped-edge horn and a conventional horn.

The edge capping used in this case is that of Fig-52 where half an elliptic cylinder is
used in shielding the horn edges. The ellipse has the same dimensions as before and
the major axis is parallel to the walls of the horn. A clearance ¢ ” of .32\ between
the horn walls and the inner surface of the ellipse, and with the center of the ellipse
located at a distance h=A/2 from the line matching with the.edge of the horn is
used and shown in Fig-52. These field patterns show a little decrease in the near
lobe levels of the capped-edge horn compared with the conventional horn, and show
also a large increase in the far lobe levels since now the shielding part of the ellipse
inside the horn acts as a waveguide for the ﬁelds incident from the throat of the
horn where they are redirected to the far lobe region. Fig.-5.5 shows the field pat-
terns of a capped-edge horn of Fig.-5.2 with clearance ¢ “=0.05A and the conven-
tional horn, where a significant decrease in the side lobe level is observed for the
capped-edge horn in the $=65° to $=130° and a minor increase in the back lobe
region. This is because the clearance ¢~ is small enough to prevent the propagation of
the fields incideni from the throat region of the horn inside the ellipse structure.
Fig-5.6 shows field pat-terns' of the capped-edge horn of Fig.-52 with ¢ =0.1A and

| h =025\ together with the conventional horn. Fig-5.7 shows far field radiation pat-
terns of the same edge-capped horn foi' a clearance ¢ " of 0.1\ and diffe}ent values of

k equal to 1/2\, 1/4\, and OA, respectively.

The increase in the RPE level in the far fobe region of tﬁe half ellipse capped-
edgé horns of the cases shown in ﬁgurés 3.5 and 5.6, can be attributed to the strong
diffracted fields at the ellipse edges inside the horn being redirected in the form of
surface currents on the outer surface of the elliptic cylinder, hence radiating in the
far lobe region of the horn. To avoid such radiations, the concept of shielding is

applied now in a different form as shown in Fig-5.8. A slightly electrically larger

!
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half elliptic flange is used to shield the outer part of the elliptic flange used in cap-
ping the horn edges. This elliptic cylinder has its center located at the edge of the
horn with its semimajor axis A lying on the flared walls of the horn and its semimi-

nor axis B perpendicular to the flared walls of the horn as shown in Fig-5.8. The

radiation p:;ttern of such double ellipse capped-edge horn is computed for ¢ "=.1\,
and =25\ and is shown in Fig.-5.9 together with the field pattern of our conven-
tional horn. Fig-5.10 shows field radiation patterns of the double ellipse capped-edge
horn with ¢"=.05A h=25\, compared with that of the conventional horn. A
significant decrease in the RPE level of up to 20dB is achieved by the double ellipse

capped-edge horn compared with the conventional horn. The increase in the field

level in the region of $=40° to =75 is attributed to the diffracted fields at the
edges of the capping structure inside the horn. The radiation patterns of the double
capped-edge horn are computed at different operating frequencies and are shown in
Fig-5.11. |

In this chapter an alternative way of side lobe level reduction is investigated

where an e¢lliptic cylinder is used to shield the edges of a conventional horn. Using

half a cylinder in capping of the edges is found to cause better performance of the
horn than when using a whole cylinder. It is observed that the side lobe levels are
reduced in some regions of the field pattern when half a cylinder capping of the
edges is used as compared with tﬁe field pattern of the conventional horn. The

increase in these levels in the back lobe region is caused by the ellipse outer surface

_acting in this case as guide for the surface currents excited at the ellipse inner
edge.This increase is avoided by using another metallic structure to shield the ellipse
cylinder capping the edges of the horn. This was done in the double ellipse capped-

. edge horn of Fig.-5.8.
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CHAPTER VI

Active Loaded Horn Antennas

6.1 Introduction

In earlier chapters different concepts for sidelobe and backlobe ievel reduction
were applied to aperture antennas. One of. these concepts is that of multi-mode
horns discussed in chapter I. In these horns the sidelobe power level is decreased by
reducing the magnitude of the fields incident on the horn edges. This was done by
generating fields of a desired mode using a physical passive discontinuity(conductor

~or dielectric) whose position inside the horn is such that these fields will add with
the basic incident field at the horn aperture to reduce the magnitude of the fields at
the horn edges to a minimum. Fig.-6.1 shows the addition of TM ;; and TE ;; modes
at the aperture of a conical horn and the corresponding individual radiation patterns
[1].

In this chapter the use of an .active discontinuity will be investigated. This is
done by using magnetic line sources inside a sectoral horn. The position and phase
excitation of these magnetic line sources is optimized to lower the sidelobe and back-

| lobe power levels. Investigation for the field patterns of such active loaded horn
antennas is done numerically using the same numerical formulation of chapter II

with a slight modification that takes into account the added magnetic line sources.

6.2 Numerical Formulation.

As discussed in chapter II, the integral equation resulting from the solution of
scattering by conducting cylinders can be reduced to a system of N linearly indepen-

dent equations in the form

(Al =[e] | 63.)
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- where as before [A] is known as the coefficient matrix, [f] is the unknown quantity,

and [g] is the known excitation matrix.

As before, an E -plane sectoral horn is simulated by a conducting polygonal
cylinder with a finite thickness, as indicated schematically in Fig.-2.2 which shows
also the procedure of numbering the segments in a clockwise direction in preparation
for a moment method solution. The excitation in this case is a magnetic line source
placed at a distance of 0.6A from the shorted end of the feed waveguide. In addition
there are two magnetic line sources placed inside the horn symmetrically about the
horn axis at a distance R from the horn edges and at a distance VR from the flared

walls of the horn as shown in Fig.-6.2.

Using pulse functions in the expansion of the unknown surface currents, and
applying the point matching procedure for testing, the appropriate matrix equation

for the present case will be in the form
[Amn] [Fr] =[Gl : : (6.22)

‘where G is a vector -of length 25, representing the field incident from the magnetic
line sources. These line sources constitute the magnetic line source excitation which
as before, has a unity intensity, zero phase and located at a distance p, from the ori-
gin of coordinates. The other two line sources have a unity intensity, identical phase
excitation, and are located at distances p, and p,- from the origin ¢ as shown in

Fig-63. In this case the m™ element of the excitation matrix [G] will be given by

[35]

Gm =“4:T‘£[Hg(klpm_psI)'{"KIH(%(klpm_pel)' _ (6-2-3)

+ K HE Kkl pm—p,-])]

where p,, is the radial coordinate of the center of segment m, K =17 % and oy
denotes the corresponding phase excitation. [F,] is the vector representing the unk-

nown current coefficients, and [A4,,] is a (2§ i)X(ZS 1)} coefficient matrix with
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elements defined as before in equation (2.4.4). The symmetry of the structure is also
-~ utilized and a procedure similar to that of chapter II is followed using equations
(2.4.6)-(2.4.10) to solve for the surface current J.. Equation (2.4.14) is also used to
compute the scattered field of the active loaded horn antenna. The total radiated
field at a point (p , ¢) is obtained as the sum of the incident field plus the scattered

field using

%
H'” = T [HEKo—ps |) + K HEK|p—p, | _ (6.2.4)

+KHEkle—p. D] + B (p , $)

6.3 Resolts and Discussions.

The edges of an E -plane sectoral horn are illuminated by fields incident from
the feed waveguide of the horn. Adding new sources of E field whose corresponding
phase is adjusted so as to add destructively with the basic E field incident on the
horn edges, will réduce the magnitude of the diffracted fields at these edges, and
hence reducing the sidelobe and backlobe levels. The choice of magnetic line
sources for this application is made since in this case the corresponding E field will

‘be in the transverse direction and will lie in the same plane of the basic E field.

Two magnetic line sources are placed at distances R and VR inside the same
conventional hora used in earlier investigation and showﬁ in Fig-6.2. Improper posi-
tioning of these line sources will increase the magnitude of the edge diffracted fields
and hence increasing the sidelobe and backlobe levels. Phase adjustment of the
‘fields at the horn edges is done either by spatial displacement of the line sources or
by feeding the line sources with a predetermined phase excitation. Figs.-6.4 and 6.5
show the plots of the far field patterns of an activé loaded horn antenna computed
for different values of distance R from the horn edges, and for VR = 0, together
- with the field pattern of our conventional horn. These figures shows that placing the

* line sources at the edges (R= 0) will increase the sidelobe level significantly since

-
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these new sources are now radiating with no conducting structures directing their
radiations. Fig.-6.5 shows radiation patterns of an active loaded horn compared with
the conventional horn for several values of an optimized distance R, VR= 0 and
zero phase. These plots show a reduction of more than 204B in the sidefobe and
backlobe levels. The increase in the level of the first sidelobe may be attributed to
the reflections of the fields incident from the two line sources to the throat region of
the horn. The increase of this sidelobe level can be also viewed as due to the mag-
netic line sources which are moved closer to the inside region of the horn. Changing
the phase of the excitation of these line sources will affect also the RPE level of the

active loaded horn.

Fig-6.6 shows plots of the computed radiation patterns of an active loaded horn
with the line sources placed at a distance R = 3.2\, VR = 0 and for phase excitation
values of 30° , 60° , 90°, and 120°, and compared with the conventional horn field
pattern.. Similar investigation is done also for a value of R equal 3.15A and the

corresponding computed results are shown in Fig.-6.7.

Another spatial freedom can be used to properly position the magnetic line

source, and this is done by moving these line sources vertically away from the flared
walls of the horn antenna by a distance VR as shown in Fig-6.2. Field radiation pat-
terns.of an active loaded horn antenna for values of R = 3.15\, phase excitation of
60° and for several values of vertical displacement VR are computed, plots of these _

patterns compared with the conventional horn pattern are shown in Fig.-6.8.

The above computed results show that such active loading of horns is highly
dependent on the spatial position and phase excitation of the corresponding line

sources yielding a narrow bandwidth horn antenna. This can be seen from the radia-

tion patterns shown in Fig-6.9 for an active loaded horn with R= 3.15A,VR = 232A,

and phase of 60° computed at different operating frequencies.

To summarize, the concept of active loading in reducing the sidelobe and back-
lobe power levels of horn antenras is investigated. A reduction of more than 20dB

in the sidelobe level is achieved by such an active load{ng when the corresponding
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magnetic line sources are at an optimum position and phase excitation. An increase
in relative power of up to 8dB is also observed which is partly due to the additional
input power radiated by the active source. A backdraw in such type of antennas is

the narrow bandwidth resulting from the requirement of proper phase addition of

fields at the horn edges.
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CHAPTER VII

Conclusions and Applications

In this thesis different concepts in the reduction of the power levels of sidelobes
and backlobes of aperture antennas are investigated by using a moment method
numerical approach which treats the antennas as two-dimensional conducting struc-
tures excited by a magnetic line source. This is applied for aperture-matched horns,
waveguides, and cylindrical reflectors which involves the addition of flat, elliptic, and
spii'al conducting flanges to the edges of these antennas resulting in a smooth
geometric discontinuity that reduces the edge diffracted fields at the aperture. A

reduction of more than 10dB is achieved when adding curved flanges to the edges of

a horn antenna. When adding relatively large curved conducting flanges at a _

waveguide edge, a very wide half power beamwidth of up to 160° and relatively low
far sidelobe of levels down to —30dB is achieved. This specific type of radiation pat-

tern comprising a very wide main beam and low backlobes has an application in

“compact range” antenna measurements that require illuminating the whole surface

of the range reflector with a uniform field pattern{0dB taper) resulting in the uni-

form field illumination of the test antenna. The size of the test antenna is dependent
| on the size éf the range reflector being uniformly illuminated. With such wide
beamwidth achieved by aperture. matching of waveguides, electrically large test
antennas can be measured indoors. Also having such iow backlobes will reduce the
interference with the fields emitted from the aperture of the range reflector. Further
reduction of these backlobes can be also achieved by adding absorber material on the

outer surface of the curved flanges.

Adding curved conducting flanges to the edges of cylindrical reflectors reduces
the farlobe power levels down by 10—12dB using the specific feed illumination of
chapter IV. Such a reduction in the farlobes of a satellite ground station antenna

will reduce the noise temperature emitted by the ground, and hence improving the




reception quality of the ground station.

Another concept investigated involved capped-edge horn antennas which dealt
with adding metallic structures to shield the edges of the horn. The various stages of
investigation of such an antenna are reported and a final design achieved a polar
shift for the first sidelobe and a sideiobe power level reduction of more than 20dB.
In this capped-edge horn one way of holding the elliptic flange shielding the edge of
the hora in its position is by filling the space in between by a styrofoam material or
by an absorbing dielectric material that may fu’rther_ improve the performance of

such an antenna.

A slightly modified numerical for_mulatibn is then used to investigate the new
concept of active loading of horn antennas. In such antennas two magnetic line
sources are held in an optimized position inside the horn and fed with an optimized
phase excitation. These line sources radiate fields in a specific mode that add des-
tructively with the TE 3; mode incident from the feed waveguide at the edges of the
horn. A reduction of more than 20dB in the sidelobe level is achieved, while the
main beam shape is also improved resulting in a narrower beamwidth. It should be
further noted that beam shaping of the radiation patterns of the horn antenna can
be also achieved with proper positioning and phase excitation. The same concept
can, of course, be extended to include an array of such line sources that will provide
a high flexibility in beam shaping of the field patterns of horns. An advantage of
such a method of gén'eratin'g new modes for multimode addition over the passive
multimode horns is in the fiexibility of changing the field pattern shape by adjusting
the phase excitation of the line source without any change in their physical position.
These magnetic line sources can be obtained by using a long wound coil whose axis is -
in the z -direction and which can be positioned inside the horn by some material such

as styrofoam glued to the inner walls of the horn.

Although the analysis in this thesis is restricted to two-dimensional aperture
antennas, the same concepts can be applied to antennas formed from bodies of revo-

lution. These antennas suffer alsc from edge diffracted fields in a way similar to
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two-dimensional antennas. This can be done by a proper numerical formulation

specific for such bodies-of-revolution-antennas.
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