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The matched feed concept is used to determine the electrical characteristics of a

line source feed for conical reflector antennas. A linearly polarized plane wave incident

on the reflector is used to determine the field distribution along and in the vicinity of

the focal axis of the reflector. The co-polar, cross-polar and axial field components are

determined and their dependence on the reflector size, the cone angle and the radial

distance is studied. The results indicate that for a line soruce of finite diameter, its sur-

face field distribution must contain other field components to generate a linearly polar-

ized far field. Based on the matched feed concept, line soruces in the form of simple

dipole ¿urays are proposed and the conical reflector radiation patterns are computed.

The dependence of the patt€rn characteristics, such as the polarization, efficiency and

side lobe levels, on the dipole excitations is studied and discussed.

For the wide angle cone case, a microstrip comb line array feed is proposed and

studied. A compact design is also presented. In the design an optimization technique is

used to obtain the physical dimensions on one side of the subsüate for the traveling

wave array. Correction formulas are used to compensate for the effect of discontinui-

ties in the structure and further correction is innoduced to provide a proper impedance

match by the use of an admittance fransformation.

ABSTRACT
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The widespread use of large reflector antennas, capable of high power üansmis-

sion and low noise reception in satellite communication and radio asfronomy, has

greatly stimulated research in this particular field. The main reason for this is the

requirement of a system with high gain, low side lobe level and low cross polarization

for point to point communication.

At UHF frequencies and above, where pencil beams become practical, reflector

antennas may be compared with other systems. The end-fire or Yagi, antennas produce

relatively high gain but suffer from a n¿urow frequency band. Phased array antennas

can be used to produce gains equal to ttrose of reflector antennas, however, they are

not universally useful, since, they have complicated structures and are costly to pro-

duce [1]. On the other hand, reflector systems have simple geometries and are usually

inexpensive to fabricate. They can also be serviced mechanically with far less sophisti-

cation than phased arrays. As a single monolithic unit on a mechanically scanning

assembly, a reflector is relatively inexpensive to scan. A phased iuray, on the other

hand, requires a phase shifter for each element or at least for each subarray. Therefore,

the reflecting systems are the appropriaæ choice for most point to point communication

systems.

In reflecting systems, the reflectors are mainly used to modify the radiation from

a radiating element or feed . The reflectors that are of most interest in the antenna

field, can have a variety of contours like a circle, ellipse , parabola, hyperbola, etc, or

can have the shaped contour designed for some specific purpose [2]. The feed for the

reflecting system can either be helices, spirals, horns, etc,13,4f or a feed consisting of

one or more secondary reflectors[S,6,7,8f,

-t-
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The plane reflector, because of simplicity, was one of the first reflectors to be

used in practice l2l. A plane reflector when placed near the radiating element reduces

backward radiation and provides gain in the forward direction. To better collimate the

energy in the forward direction, the geometrical shape of the plane reflector itself must

be changed so as to prohibit radiation in the back and side directions. One arrangement

which accomplishes this, consists of ¡wo plane reflectors joined so as to form a corner.

Successful corner reflectors have produced gain as high as 14 dB with a single feed

element [3].

The most useful of the high gain reflector antennas utilizes a paraboloidal surface.

The parabolic reflector has the property of nansforming the wave originating from a

source at the focus into a pencil beam t9l. A parabolic reflector can take two different

forms. One configuration is that of the parabolic right cylinder, whose energy is col-

limated at a line that is parallel to the axis of the cylinder through the focal point of

the reflector [4]. The most widely used feed for this type is a linear dipole, a linear

aÍray, or a slotted waveguide. The other configuration of a parabolic reflector is formed

by rotating the parabola around its axis, and is referred to as a paraboloid (parabola of

revolution). V/ith this reflector, a pencil beam is generated by using a point source

feed. A comrgated conical horn has been widely utilized as a feed for this arrange-

menr [9].

The generation of pencil-shaped antenna beam by use of a point source feed and

paraboloidal reflector has reached a st¿te of refinement such that exÍemely narrow

beam widths, low side lobe levels and broad band operation are relatively easy to

achieve. However, the beam axis coincides with the geometric axis of the paraboloidal

surface so that in order to scan the beam it becomes necessary to move the entire

reflector. To overcome this fundamental disadvantage, a portion of spherical reflecting

surface may be used as a reflector [10]. This antenna is obtained by the rotation of a

circular arc about an axis containing the center. The beam axis then coincides with the

radius of the sphere upon which the feed happens to lie. Scanning is achieved by a

simple rotation of the feed about the center of the sphere. However, a source located at

the focus of this sphere does not provide a perfect plane wave since a paraboloidal

-2-



surface is necessary to create a plane wave.

The departure of the wavefront from a plane wave is known as spherical aberra-

tion. Due to spherical abenation, however, a point source feed cannot be used unless

the primary illumination of the reflector is confined to a relatively small zone of the

spherical surface [11]. The aperture efficiency is then small and toøl reflector size

becomes enonnous relative to an equivalent paraboloid. In order to minimize the effect

of spherical abenation, two general approaches have been used. The first approach

involves the use of a resûicted aperture and a reflector of a sufficiently large radius

t101. This approach permits a simple design and is suiøble for applications requiring

very wide scan angles . The second approach uses methods of compensation for spher-

ical abenation. These methods include the use of phased line-source feeds Í121,

multiple-source feeds 113,1.41, auxiliary reflectors [15,16], or correcting lenses [17].

With these methods of compensation a larger apefture can be effectively utilized.

However, this is achieved at the expense of some complexity in design and at a reduc-

tion in the useful angle of scan.

There are a great variety of modern microwave feeds. Reflector antennas, how-

ever, are used from the ulnaviolet optical region of the spectrum to the high-frequency

radio region. Thus, microwave feeds constitute a specüally limited range of structures,

being special cases of more general antenna feeds. In general, a feed has a specific

elecnomagnetic purpose independent of a particular wavelength region. Implementation

of the feed system may be characteristic of a particular wavelength region, but many

feed techniques are not so limited, thus it is just as profitable to classify feeds by func-

tion as by type. The most common of the microwave feeds is the horn feed. The sim-

plicity of design along with its excellent impedance, polarization, and power handling

capabilities has led to wide usage of this type of feed [18]. It can be used in the

pyramidal, sectoral, or conical configurations and can provide a variety of polarization

by suiøble design. A multiple horn feed system can be used to give beam shaping,

scanning, or aberration correction [19].
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A helix is an example of a simple feed that can be used to give circular polariza-

tion [20]. For receiving applications where power handling capability is not a factor, a

helix can be used over an octave band with good impedance performance. In addition,

it does not require a special feeding anangement to give the polarization properties.

The class of frequency-independent structures such as the planar spiral, the coni-

cal spiral, and log-periodic configurations have also been used as feeds 12L,22,231.

These types have exfremely wide-band characteristics and as with the helix, the spiral

configurations do not require special feeding arrangements to give circular polarization.

However, the log-periodic and the conical spiral configurations suffer from the fact

that the phase center is frequency dependent. Thus, the pattern properties of a

reflecting system will suffer defocusing effects if operated over a large frequency band.

In the case of a reflector that requires a line soruce feed, dipole and horn arrays

as well as slotted waveguides can be used [24,25,26]. The microstrip array, due its

small size and light weight, has been used as a feed for parabolic reflector [27].

The widespread use of paraboloidal reflectors has stimulated interest in the

development of feeds to improve the aperture efficiency and to provide greater

discrimination against noise radiation from the ground. This can be accomplished by

developing design techniques that permit the synthesis of feed patterns with any

desired distribution over the bounds of the reflector, rapid cutoff at its edges and very

low minor lobes in all other space. In recent years, the ¡ro main problems that con-

cerned feed designers were aperture efficiency and low cross-polarization [28].

In the receiving mode, an ideal feed and a matched load would be one that

absorbs all the energy intercepted by the aperfure when uniform and linearly polarized

plane waves are normally incident upon it. The feed field disfibution should be made

to match the focal region field sfucture formed by the reflecting, scattering, and

diffracting characteristics of the reflector [29]. By reciprocity, an ideal feed in the

ftansmitting mode would be one that radiates only within the solid angle of the pattern

and establishes within it an identical outward faveling wave. For this ideal feed sys-

tem, the nansmitting and receiving mode field distributions within the focal region are

-4-



identical with only the direction of the propagation reversed.

In the above single reflector system, the feed is usually placed in the path of the

main beam, thus blocking the main apertue and making it difficult to be reached for

servicing pu{poses. The apernue blockage by the primary feed with its supporting

stn¡ts leads to scattered radiation which results in decreased antenna gain and increased

side lobe and cross polarized radiation levels [30].

To improve the perforrnance of large ground based microwave reflector antennas

for satellite fracking and communication, a two-reflector system was proposed [5].

The suggested arrangement is the Cassegrain dual-reflector system, which is ofæn util-

ized in the design of optical telescopes. For an accurate description of its performance,

diffraction æchniques should be used to øke into account diffraction from the edges of

the subreflector, especially when its diameter is small [31]. In general, the Cassegrain

Íurangement provides a variety of benefits, including: (1) the abitity to place the feed

in a convenient location, (2) the reduction of spillover and minor lobe radiation, (3) the

ability to obtain an accurate equivalent focal length much greater than the physical

length, and (4) the capability for scanning or broadening of the beam by moving one

of the reflecting surfaces [2].

Suitable modifications to the geometrical shape of the reflecting surfaces have

been suggested, to improve the aperture efficiency 132,33,341. The reshaping of the

reflecting surfaces is used to generate desirable amplitude and phase distributions over

one or both of the reflectors. The resultant system is usually referred to as a shaped

dual-reflector.

The classical Cassegrain system may be easily extended to include a variety of

forms by varying the curvatures of the two reflectors. The common variety of

Cassegrain system is the Gregorian system. The Gregorian system is similar to the

Cassegrain system in that a parabolic reflector is used, however the subreflector is

elliptic in shape rather than hyperbolic. As in the Cassegrain the performance of the

system can be evaluated in terms of an equivalent parabola [9]. The Gregorian system

is commonly used in radio asfionomy with simuløneous multiple frequency feeds.
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The aperture blockage in the rotationally symmetric systems mentioned above

can be removed by either using an offset system [30,35] or supporting the main

reflector or the subreflector with a dielectric cone [36,37]. The offset fed reflector

antenna has become increasingly atfiactive for satellite cornmunications where low side

lobe levels are essential to achieve good isolation between adjacent high gain beams

operated over the same frequency band. To meet these requirements, the use of offset

reflectors is becoming desirable since the severe limiting effects of aperture blockage

on front fed paraboloidal reflectors can be entirely removed [38]. The offset system

has the advantage of reducing the mutual reaction benveen the reflector and the pri-

mary feed. It also makes it possible to use a larger focal length to diameter ( f/d ) ratio

while maintaining acceptable structural rigidity. As a result, offset reflector primary

feeds employ a larger radiating apertlue, which in certain cases can improve the shap-

ing of the primary pattern and give a better suppression of the cross polarized radiation

emanating from the feed [30].

A conical reflector has a simple geometry and focuses a point at infinity, to a line

along its axis [39]. For finite reflectors, the size and axial location of the line depends

on the cone angle and size. It falls between the cone apex and the aperture when the

contained cone angle becomes 900 t401. Because the line source is large in size, and is

difficult to design, conical reflectors have not found a wide spread application in com-

munications. However, ttrey provide certain advantages in the simplicity of the

geometry and mechanical alignment. A large, high precision, furlable surface can be

obtained at relatively low cost. Their performance has not been studied systematically,

but a few studies have been reported in the literature to address their performance. The

most extensive work on these reflectors is reported by Ludwig 141,421, who has stu-

died their performance experimentally using a line soruce feed and a Gregorian sub-

reflector. Aperture efficiencies in the order of 607o arc achieved. With a Gregorian

sub-reflector having a paraboloidal profile as shown in Fig. 1.1, the structure can be

illuminated by a point source using a corrugated conical horn via a subreflector (gen-

erated by a parabolic arc). However, the subreflector size is normally large and causes

excessive apertwe blockage, resulting in loss of efficiency and high side lobes.
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Fig. 1.1 : Conical Gregorian geometry
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Fig. 1.2 : Conical Quadreflex geometry
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Fig. I.3 : Conical Line Feed Geometry
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The conical-quadreflex design [43] was conceived to reduce the subreflector size. The

conical reflector in this design as shown in Fig. 1.2, is illuminated by a comrgated

conical horn via two subreflectors, one elliptic-shaped and the other urn-shaped. The

reduced subreflector size (diameter) significantly decreases the blockage loss but also

degrades the capability for multiple operations. Since the design requires multiple

reflections on the conical surface, the surface losses are increased. Finatly, the conical

reflector fed by a line soruce feed is shown in Fig. 1.3. The feed consists of a uniform

length of circular waveguide with radiating holes and fin phase correctors [44]. The

feed utilizes the radiation principles upon which a line feed constructed for the Arecibo

spherical reflector was based [26]. The conical-line-source design not only minimizes

the blockage and surface losses, but also reduces the antenna weight This approach

has two short comings : narow bandwidth, and excessive ohmic losses due to the

length of the waveguide. The line source feed must provide an appropriate reflector

illumination to generate the desirable far field patterns. The requirements of such a line

source can be determined from the focal region field analysis, which in turn can be

used in its design 145,461.

The purpose of this thesis is to investigate conical reflector antennas in a sys-

tematic way. This is accomplished by using the matched feed concept to determine the

elecnical characteristics of a line source feed for conical reflector antennas. The perfor-

mance of conical reflectors with a line source feed in the form of an array of dipoles

of different configurations have been investigaæd. Also, The performance of conical

reflectors with a microstrip comb line array has been investigated.

In chapter II, the matched feed concept is used to determine the electrical charac-

teristics of a line source feed for conical reflector antennas. The performance of coni-

cal reflectors with a line sor¡rce feed in ttre form of an array of dipoles of different

configurations are presented in chapter III. In chapter IV, the performance of conical

reflectors with a line source feed in the form of ¡vo microsnip comb line arrays are

presented. Finally, conclusions of the work presented herein are drawn and recom-

mendation for future work suggested in chapter V.

-10-



2.1 Introduction

The Field Distribution in the Focal

Plane of Conical Reflectors

The matched feed concept is used to determine the electrical cha¡acteristics of a

line source feed for conical reflector antennas. In the matched feed approach, the

reflector is illuminated by the desired far field, as a receiving antenna, and its focal

region field is deærmined by computing the scattered freld 128,291. From reciprocity,

the ideal feed aperture distribution must match this focal region field. A linearly

polarized plane wave incident on the reflector is used to determine the field distribution

along and in the vicinity of the focal axis of the reflector. The co-polar, cross-polar

and the axial field components are determined and theh dependence on the reflector

size, the cone angle and the radial distance is studied.

CHAPTER II

2.2 Formulation of the focal region field

The focal region field disribution depends on the type of incident field and the

reflector par¿Lmeters. Here, we determine the focal region field, using a physical optics

current distribution method. Since the reflector geometry is symmetric, a linearly polar-

ized incident field provides adequate information on the focal region field 128,471. We

therefore select the reflector of Fig. 2.1, and illuminate it axially with a lineæly polar-

ized plane wave. The incident electric and magnetic fields from the plane wave have

only the x and y components respectively, which can be written as :

EI*=kZoeik'

- 11-
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where & and Zs arc the wave number and the intrinsic impedance of free space. The

time dependence eit' is suppressed throughout. The incident magnetic freld, H,

induces current distributions on the conducting cone.

The field radiated by the induced current disributions, J , can be written as [48] :

Hf = -k eik

n,=-ft{ 
{", 

I+Y,þ¿] a,}*a,,

in which à, is a unit vector from the source point M to the field point Q, and

,r=tr_lþ.+]

y,--k,*1[..+ 
]

o- jk ro- "
r

'=l[o-o']'*

In these equations (p,Q,z) and (p',Q',2') are the the position vectors of the field

and the source points, respectively.

(2.2)

The surface currents J can be determined using the physical optics approximation as :

J = 2(h xlili* ) (2.5)

where â is the ounva¡d unit normal to the reflector surface, which can be written as :

â = -cosvcosQ'â"- cosvsinQ'âr+ sinv â, Q.6)

in which ûr, â, and à, are unit vectors in the direction of the Cartesian coordinates

(x,y,z).

l, - r' cot y)'* op p'sin2 
[=" ]]

(2.3)

(2.4)

-13-



Substituting Q.2) añ (2.6) into (2.5),

current density as :

J* = 2k 5i¡Y ¿J&P'cow

/Y = o'o

Substitutin9 Q.7) into (2.3), we obtain the components of the scattered field as :

D12 2n

'. = 
-+ 

I^ I^ {r,. 
,,li] [0,"* * [,,o*-p' Ir+copv ] ],",*']

00

. [o ,orQ-p'cosQ'] 
] 

- sikP'cÃw p'dp'dþ' (2.s)

J, = 2k cosVcos$' sikP'cow

one obtains, the components of the surface

D/2 2n

', =-+ I^ I^ Ir,l*t] [0,"** [,o*-p'[,+coth]],",*']
00

D12 2ß

",=*ll00

. [orino-p'sino'] ] 
. sikP'cow p'dp'dQ'

(2.7)

{",,*ncosQ'+ 
,rlt*] [0,"** [,,o*-p' [1+coth ] ],",*']

which may be used to compute the focal region field. Idealy, one should compute these

field components on the cone axis, which is also the focal line. However, a practical

feed will have a finiæ radius and the field distibution must be computed on its sur-

face, which in most cases is a cylinder. In the following section, we provide the

-14-

l, -p corv ] Ì 
. sikP'cow p' dp' dþ'
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computed field components on the cone axis and its vicinity to investigate their depen-

dence on the cone parameters and the feed radius.

2.3 Numerical results for the focal region fields

The components of the scattered field, from equations (2.8) to (2.10), are com-

puted to determine the nature of the focal field disnibution on and near the cone axis.

Figs. 2.2, 2.3, and 2.4 show the behavior of the normalized co-polar field component,

i.e. E, for a reflector with an aperture diameter of 30.0 À, along the cone axis ( p = 0

) and on cylindrical surfaces, representing a line source of finite radius, for various

cone angles. The field distributions are similar, but their intensity decreases with

increasing p. On the cone axis, i.e. on the focal line, the cross-polar component E'
and the axial field component E, are both zero. Thus only the co-polar component Ex

has a non zero value. Similarly in the .F/-plane, (0 = 90',p = 0.0), both E, and E,

components are zero, but E* has a non zero value. The field disnibutions on a cylinder

of radius 0.25 7,,, about the cone axis, are shown in Figs. 2.5, 2.6, and 2.7 which are

normalized with respect to the co-polar peak intensity on the cone axis shown in Figs.

2.2, 2.3, and 2.4, respectively. For the wide angle cone, in Fig. 2.5, both the cross-

polar E, and axial component E, are small. However, when the cone angle reduces to

I25o n Fig. 2.6, the cross-polar field component remains small, but the axial field

component E, becomes significant. Decreasing the cone angle further to 90o in Fig.

2.7, both cross- polar and axial components increase rapidly and the latter one

exceeds the co-polar component 8". Figs. 2.8, 2.9, and 2.10 show the phase distribu-

tions of the field components shown in Figs. 2.5, 2.6, and 2.7, respectively. For large

cone angles, the phase varies rapidly, but as the cone angle decreases to 90o, its rate

of change reduces to zero. In the latter case, the co-polæ and cross-polar components

have similar phase distributions, but the ædal component is in phase quadrafure.

The variation of the focal region field distributions as a function of the radial dis-

tance for va¡ious cone angles of 1500 ,1250, and 90o and for different locations along

the focal line are shown in Figs. 2.1I, 2.12, and 2.13, respectively. Both E" and E,

-15-



components are computed in the E-plane, (Q = 0o), while the E, component is calcu-

lated in the 0 = 45o plane, where they have maximum distributions. Thei¡ relative

magnitude and variation with the cone angle a¡e similar to the previous cases discussed

above. These figures also show that nea¡ the axis the co-polar field component E,

decreases with p, but ottrer field components increase. This indicates that in design of

practical line sources that have a finite radius, the cross-polar and axial field com-

ponents must be finite to cancel the reflector generated cross-polar fields.

Since the focal region fields have relatively complex distributions, with excessive

amount of oscillations, design of line sources with corresponding excitations would be

impractical. The line source designs would become considerably simpler by selecting

smoother distributions. Consequently, the original focal field disüibutions are also used

to generate, hypothetical, but smooth distributions, using a curye fitting approach [49].

Two such examples are shown in Figs. 2.14 and 2.I5 that correspond to the focal field

distributions of Figs. 2.5 and 2.7. They a¡e also used later in this study to investigate

the conical reflector performance.

In Fig. 2.16, the calculated co-polar field component, i.e. E*, for a reflector with

an aperture diameter of 30.0 ),, along the cone axis ( p = 0 ) is plotted. The results

obtained using the present work (PO) is compared with the numerical solution based

on the method of moments (MOM) [50].The agreement demonsfrated in Fig. 2.16, is

found to be reasonable. For the phase distributions shown in Fig. 2.17, the (PO) and

(MOM) methods are in good agreemenl

-16-
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3.1 Introduction

The investigation of the focal region field in the previous chapter shows that for

large angle cones, both cross-polar and axial components are negligibly small near the

axis. Thus, for antennas with a moderate cross-polar radiation, a linearly polarized

arÍay, such as a dipole Írrray may be used as their line source. On the other hand for a

90o cone, the axial component is also significant in magnitude near the axis, and a

dual polarized anay must be used. Using dipoles, such an array may be simulaæd by

two separate ¿urays, one polarized along the co-polar field and the other along the cone

axis. These arrays are selected because of the fact that, line sources using slotted

waveguides have already been studied l6,Ml, and dipole ¿urays can be designed and

fabricated readily using the microstrip technology.

In this work we have used the focal region field to deærmine the excitation of

each dipole, i.e. array elements, at their location. The selected array exciøtions are

then used to compute the line source field and subsequently the scattered field of the

reflector, to study the reflector performance.

In the following sections, the expressions for the radiation patterns of conical

reflectors with dipole Íurays as feeds, are derived and used to compute the radiation

patterns. For selected cases numerical dat¿ for both co- and cross-polar patterns are

generated to examine the conical reflector performance with these simple feeds.

Radiation from Conical Reflectors

Iryith Dipole Arrays

CHAPTER III
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3.2 lVide Angle Cone with Linearly Polarized Feeds

Consider a line soruce feed in the form of an array of linear dipoles oriented

parallel to the x-axis and located along the z-axis of the coordinate system of Fig. 3.1.

For a perfectly conducting cone, the fa¡ zone field radiaæd by the induced crurent dis-

tribution J may be computed from [51] :

E, - -i-!;o ,-,* Iu - (J.âR )ànt ,ikr'àn ^'4nR '

The incident magnetic field from the feed ( Appendix A ) on the conical reflector,

can be written in the rectangular coordinates as :

. N".

Hä"¿ = *Ë ,,,, [ - [o' co*-d,,¡) r, * [o'ri"o'] 4] e.2)
i=l

in which ;

rsui = I [o',",r' +]'. [o'sinq']r* [p',o* -0,")'fu'

rsci = [ [o'ror*']r* [o'rio0'] 
,* 

lr'co' -d.,,¡)'l'"

,sti = [ [o',",*' 
.+]'. [o',ino']'* [p',o* -0,")'f

(3.1)

and 0o is the direction of the array beam, which is equal to the contained cone angle

2v.

(3.3)

(3.4)
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Using (3.2) and (2.6) in (2.5), one obtains the components of the surface current den-

sþas:

-'il""rr
,. = *sinv ) 8,"¡ [p'cow ror2q'-4"¡ 

J
i=L

. Nr"

J, = *rinuf a"", fp'rowsinq'cosq']
i=l

N_-

l, = lri'n j n*, lp' cotzv cos|'- cotvcosq'dr"¡ ]" 2n ,íi

Substituting (3.6) in (3.1), one can write the connibution of the rays reflected from the

reflector in the far-zone as :

D 12 2Tr,

Erer = 
-t,#' u,* 

{ { { [."rrcosQ,I, + coso sinQ.I, - sinod ] rr * [-sinqr, +

cosQ,,I, ] n Ì 
sltp'(sin0cos(H') + cotvcos0) p,cosecv dp, dQ' (3.7)

and following the same procedure as n 1521, the contribution of the direct rays from

the feed in the fa¡-zone as ;

I rr, I f'ø-ll
Edi, = # r-,* Y/," (i ) rikd,o(æs.- cos'.) j'"' lä:T"9- ;' Lî I 

]

(3.6)

where û*, â, and âq are unit vectors along a spherical coordinate system (R,0,Q) ,

and ;

-36 -
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dsci = sos+(i-1) dsc

v is the cone half angle,

N"" is the number of x-directed dipoles,

Lx is the resonant length of the dipole,

so" is the location of the first dipole from the apex,

dr" is the separation between adjacent dipoles, and,

/r, (i ) being the actual or the hypothetical x-component of current according to

the focal region distibution.

3.3 Narrow Angle Cone with Dual Polarized Feed

Consider a line source feed in the form of ¡wo orthogonal Íurays of linear dipoles,

polarized along x and z directions as shown nFig.3.2. Following the same procedure

as in the previous section, and by making use of Appendices A and B we can write

the contribution of the reflected rays from the reflector in the fa¡-zone as :

8,"î = 
-|#o ,-i*n

Dt22n

',{{{

where ;

Eg* =

lrr,, t Es", * Eat,J ,, * lrr* * Eqcr + Eqt ] u-Ì

Nru

Z t,u,
i=l

¿i&P'(sin0cos(Q-0') + cotvcosg) p, dp, dþ,

{,o,e,o,Q

- sino 
[- o'cotv + cowcosQ'

-p'cosQ'+ +) + cosO sinq [-p'rinq' ]

+)

(3.e)

-37 -

(3.10)



-----l--
\-\

|-qS -¡Þ.¡
lox

ntF 
t

ll
tf
tl
tl
ll
II
ll

l* so,

Fig. 3.2: Conicol reflector hoving o lÌne source

feed in the form of tWo orthogonol orroys of

linecr dipoles, polorized olong x ond z directions-

F-

I

!*- dr¡ -_*l

Reflected roy

T Direct

D

I
x-directed dipoles

z-dtrected dipoles

roy

- 38-



E s", = I ,,,,{r"rr rorq [p'rotv cos2Q' - 0,,)+ cos0 sinq Ip'cotv sinQ'cosQ' ]

- sino l*p'ror'rcosQ'- ro*rorq'a",] 
]

Est = L r,,,{r"rrr"ro 
[ 
- p'cosQ'- +)+ cosori"a [-p'ri,,o']

- sino 
[-o'ro* - 

cow."r*'+] ]

Equ, =þ "*,{*** [- o'cosQ'+ +)+ cosQ [-o',*o'] ]

Eq,, = 
þr*,{-r.* [o'ro*ro,'q' - d",) *

N¡l
Equ=Ðrn,{-sinO

with ;

(3.11)

Brui = li)r-,

- p'cosQ'- +)+ cosQ [-o'rino']

(3.12)

,orq Ip'cow sinq'cosq' ]

(3.13)

(3.14)
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(3.17)

(3.18)

Brci = li)*-,

(3.1e)

Wrt¡

(3.20)

[;]* [o'rto']t

(3.21)

-jkþ¿

1r-ibø;

I¿(i)

l+),-,"^

p'cosO'+ f

-ib*¡ + ,-ilaai

lr-,*"",- 
2cos

[o',o* 
-d,¡-+)']*

-2cosl+),

(3.22)

-ibu + ,-ikrui

I
2

1Lt2

[o'ro* -0,,)')

[+)'

lu'o"''

Wrui

[o',o* 
-d,¡*+)'l'"

[o'rinQ']t*

lu'r''''- 
2cos

1

2
Wo¡

[[0""'*'-+)'.

[o'rto']'*

I
2

[[0""'*' -+)'.

Wrt¡

[o'r,no']'*[[0""'*'-+)'.

f .=' uut

and ;

'uct
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(3.23)

1u2

[o'ro* -0,,)']

[o'roro'] '* lr'sinq'] '* lo'"o*-ao)'ft''

[o',o,Q'* +)'. [o',i,'o'] '* lo'"o*-oo)'f'''

[o',o,0'- +)' . [o',*o']'*

[o',o* 
-d,¡-+)'l*

1u2

[o'ro* -0,,)') (3.24)

=t

=t

=t

[o'ro* 
-d,¡*+)'f'''

[o'rinQ']'*

rcui

The contribution of the direct rays from the feed in the far-zone can be written as :

[[0""'r'..+)'.

[[0""'r'..+)'.

[[o'"",*'.+)'.

(3.2s)

[o'rinQ']t*

f cci

[o'r*O']t*

Edi, = # r-t* 
Il"r* 

* Ee"¿ * Eeta) u, * ,r"o ar\

where ;

Nru ,kL,

E eø = f ,rr(i) e-ikq" ,*iî 
sin0cosQ 

,ikd'i cnsg

i=L

f cli

rlui -

(3.26)

tlci -

[-'.']

ftti =

Irt- I l'*t-)
'o'ft'coseJ -cosl;)

1 - cos20
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No

Ee,d = Zr*r
i=L

[;]

i) -ike'

cos

Q* nikd,icnsê

l+sinocosQ] 
-,", l+)

N¿ .tú,

Eeu =Ðrr,(Ð e-ik\" ,-i-;snecoq ,lkd""o'e
i=l

I - sin20cos2Q

No

Eq"d = Zr,"
i=l

[;]

[rore rorq ] Q.27)

I - cos20

in which ;

dr¡ = sor*(í-I) dx

d'r¡ = sor*(i-l) d"

-ike'

,", 
I

Qo ,ikd,icos9

\,^r,",a] -cos l+)

[-'*t ]

Nxc is the number of x-directed dipoles,

Nru (= Nrt) is the number of z-directed dipoles,

Lr resonant length of x-directed dipole,

Lz resonant z-directed dipole,

1 - sin2Ocos2g

Lw is the separation be¡reen the z-directed dipole and its image,

(3.28)

[ -'** ] (3.2e)
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sox is the location of the first x-directed dipole from the apex,

soz is the location of the first z-directed dipole from the apex,

dx is the separation between adjacent x-directed dipoles,

d, is the separation between adjacent z-directed dipoles,

I*"(i) is the actual or the hypothetical x-component of current according to the

focal region field distribution,

Iru(i) (=I¿(i)) is the actual or the hypothetical z-component of curent

according to the focal region field distribution,

þo is the phase of the x-component of curent according to the focal region

field distribution, in the plane Q = 0" .

Qru is the phase of the z-component of current according to the focal region

field distribution, in the plane Q = 0" , rrtrd ,

Q¿ is the phase of the z-component of current according to the focal region field

distribution, in the plane Q = 180o .

The antenna gain in the boresight direction G , is given by [9,48,53] :

^ 
p(0,Q).* 4nA .nD,cu= P, = L' 

tì=(¡)-tl

47t

where;

P (e,0) is the po\ryer radiated per unit solid angle in direction 0 , Q,

P, is the total power radiated,

A is the apertrue area, D is the aperture diameter,

(+Y is the gain of a uniformly illuminated constant phase apernre and,

t1 is the gain factor.

The radiation characteristics of the conical reflector can now be deærmined from

these expressions.
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3.4 Numerical Results and Discussions for Far Field Patterns

In the examples to follow, both wide and na¡row angles cones are investigated.

In each case an appropriate dipole array is selected and the reflector fa¡ field daø is

computed. The number of elements in each array is selected such that, the array length

equals approximately the geometrical optics line source length [54,55]. Figs. 3.3 and

3.4 show the behavior of the co-polar and cross-polar field components for a wide

angle reflector with an aperfire diameter of 30.0 À, having different array element

excitations. The Es component is computed in the E-plane, (0 = 0"), while the Eq

component is computed in the f/-plane, (Q = 90o). The cross-polar component is com-

puted using Ludwig's [56] third definition in the plane, Q = 45o, where it has max-

imum disribution. Fig. 3.3 shows the results for an array of half wave dipoles having

the current excitation given according to the exact focal region field (/ = Iø.pn.r)

shown in Fig. 2.5, while Fig. 3.4 shows the results for the s¿rme array, but with the

current excitation given according to the hypothetical focal region field (l = I¡1.p1.p)

shown inEig.2.l4. FromFigs.3.3 and3.4 itisclearthatthepeakcross-polarization

is -32 dB and the first side lobe level in the.F/-plane is -13 dB, while in the E-plane it

is close to -16 dB. The results show that, the reflector performance is not comprom-

ized by selecting the simpler focal region field of Fig. 2.I4, instead of the original

complex one in Fi1.2.5.

Figs. 3.5 and 3.6 show the behavior of the co-polar and the cross-polar field

components for a 90' conical reflector, having different array element excitations with

an aperture diameter of 30.0 À, having different array element excitations, for a dual

polarized array of half wave dipoles. Fig. 3.5 shows the results for dual polarized

array of half wave dipoles having the current excitation given according to the exact

focal region field (I =Is¡¡.p) shown in Fig. 2.7, while Fig. 3.6 shows the

results for the s¿rme ¿uray, but with the current excitation given according to the

hypothetical focal region field (I =Ia¡n.¡) shown in Fig.2.15. From Figs.3.5 and

3.6 it is clear that the peak cross-polarization for dual polarized feeds drops to less

than -38 dB, and the first side lobe level in the E and t/-plane is close to -12 dB,
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while in the E-plane it is close to -15 dB. Again, the use of simpler line source distri-

bution of Fig. 2.15, has not deteriorated the results significantly 1571.

Fig. 3.7 shows the behavior of the co-polar and cross-polar field components for a

wide angle reflector with an aperture diameter of 30.0 1,, having the current excitation

given according focal region field shown in Fig. 2.16. Tlre results obtained using the

present work (PO) is compared with the numerical solution based on the method of

moments (MOM) [50].The agreement demonstrated in Fig. 3.7, is found to be excel-

lent.

The va¡iation of the antenna gain with the number of array elements (No), and

the optimal location of the first array element from the apex (so") is shown in Fig. 3.8.

It is clear that, the antenna gain is increased initially by increasing the number of array

elements until it reaches maximum and drops thereafter. Also by increasing the

number of array elements, to reach the maximum gain, the optimal location of the

first array element from the apex is decreased.

In these examples, the use of dipole arrays provides fa¡ field patterns with satis-

factory gain factors of about 84 7o and small cross-polarizations. The computed gain

factors include the feed spillover power but exclude the subsnate and load losses. They

compare favorably with theoretical gain factors of paraboloidal reflectors, normally

around 82 %o.In practice, however, the reflector gain factor will depend on the type of

array feed used. With an ideal resonant array the subsÍate is the only source of loss

and when neglected gives the above theoretical gain factor, but within a narrow fre-

quency band. With naveling line ¿urays, on the other hand, a small percentage of the

incident power is lost in the load which reduces the reflector gain factor, but the line

sor¡rce bandwidth is inherently large.

In the above examples the side lobes of the reflector far field patterns are high,

and around -15 dB. This is due to the fact that the focal region fields were determined

using a uniform illumination of the reflector aperttue by a plane wave. In practice, to

reduce the side lobes, one can determine the focal region field using a tapered apertwe

field [58]. This is clear from bottr tables 3.1 and 3.2, where the va¡iation of the
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calculated gains, first side lobe levels with the aperture distibution are demonsÍated.

Table 3.1 shows the variation for the wide angle reflector case, while table 3.2 shows

the variation for the n¿urow angle reflector case. Fromtables 3.1 and 3.2,we can con-

clude that the variation of the calculated gains, first side levels with the aperfure distri-

bution, are in good agreement with the aperture theory [48].

Figs. 3.9 (a&b), 3.10 (a&b), and 3.11 (a&b) show the behavior of the normalized

field components, E* and E, over the apernre plane (z=const) of a wide angle conical

reflector, at different locations from the apex, using the present work (PO). The curent

excitation for the feed elements is given according to the exact focal region field

(I = Iø.pn.¡) shown in Fig. 2.5.

The above results for both wide and n¿urow angle cones indicate that dipole

¿urays can be used as feeds for conical reflectors. Traditionally, line soruces were

designed using slotted wave guides, which are difficult to design and fabricate. The

performance of printed dipoles, on the other hand is easy to underst¿nd and techniques

for their designs is available [59]. Since their fabrication is relatively simple and low

cost, line sources using dipole ¿urays seem an atEactive alternative to slotted wave

guides.
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Table 3.1

Variatir¡n of the calculated gains, first side lobe levels

with the aperture distribution.

D = 30.0 À So, = 1.50 î" dr, = 0.50 l"

Nr. =61 V=J5.0o

Aperture clistribution

A

B

C

D

E

Gain (dB)

38.15

37.55

35.91

38.70

38.55

Gain factor (7o)

84.48

64.06

43.98

83.49

80.79

A IJttiform ¡tlarrc wave , I t - r't ]o

B Taper plane wave , I t - ,'' )'

C Squa.re taper plarrc wave , I t - ,')'

First side lol

E-plane

-15.57

-22.96

-25.91

-r9.19

-20.77

re levels (dB)

D Taper to 0.75 qt the edges plane wave , 0.75 * [ t - ,')t

E Taper to 0.5rJ at the eclges plarrc wave , 0.50 * [ t - ,')t

H-plane

-12.73

-18.23

-20.49

-15.90

-16.60
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Table 3.2

Variation of the calculated gains, first side lobe levels

with the aperture distril¡ution.

D = 30.0 ì" Sr, = 1.90 l' So, = 2.15 Ì'"

d, = 0.50 À dz = 0.50 À

N*, =27 Nr,, =26 v = 45'00

Aperture distribution

A

B

C

D

E

Gain (dB)

38.72

37.46

35.13

38.70

gg.ss

Gain lactor (o/o)

83.96

62.73

42.20

83.62

80.79

First side lobe levels (clB)

A Uniform platte wa.ve ,

B Taper plane wave ,

E-plane

-t5.62

-2t.62

-22.93

-19.3r

-20.1 I

D Ta¡ter to 0.75 at the edges plane wave , 0.75* [ t - ,')'

E Taper to 0.50 at the edges plarrc wave , 0.50 * [ t - ,'' )t

H-plane

C Square taper Pla.ne wave

-11.77

-16.10

-16.97

-14.61

-15.r6

I t-,' ]'r

2_,., ]'

lt-,')'
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//-ûÞe4

Fig. 3.10b : The field eomponent. E, over the aperture
plane of a wide angle co¡lícaÏ ref lect or (v = ?5"),
at a digtance z=const= 100.0 À from the apex.

,.?o 
'e>g4,¡

*:-f=
-ssñc'

z.loo
'>-SC,

-58-



N
\
-$\ì-s

s

The operture plone

t'oo
o.\.,

o'ua

o'o*

o-'<s
o.o,

oÇo I
n4)

5)

Fig. 3.11a : The field component Ex over the aperture
plane of a wide angle conieal reflector (u = 76"),
at a digtance z=congt= 150.0 À from the apex.

--2t

--.rÇoo

-59-



The operture plone

È=
r\
\l.N

s.'

t'oo
o'uo

o'uo

o'*o

a-'<o
o'oo

o9o -+
aa)

1t''

Fig. 3"llb ; The field eomponent E, over the aperture
pTane of a wide angTe eonical reflector (v = 76"),

at a digtanee z=eongt = 150.0 À f rorn t he apex.

2+-oo

>.¿)

-80-



4.1 Introduction

The Performance Of Conical Reflectors

With A Microstrip Comb Line Array Feed

The fields in the focal region of conical reflectors illuminated by a linearly polar-

ized plane wave have been considered in [46,58]. It was shown that for large angle

cones, both cross-polar and axial components are negligibly small near the axis. Thus,

fo¡ antenna with a moderate cross-polar radiation, a linearly polarized array such as

dipole Íuray can be used as their line source [57,58].

For practical implementation of dipole ¿urays a microstrip configuration may be

used that facilitates the design and fabrication. For wide angle cones the linear array

can be implemented using comb line [60,61] radiating in both directions, Fig. 4.1 a.

Here, the radiation intensity is proportional to the dipole widths and the focal region

field along with the Eaveling line antenna properties can be used to determine their

locaúon and width. For the 90o cone, the dual polarized dipole ¿uray can be designed

by a combination of comb line and the proximity coupled dipole ¿urays shown in Fig.

4.1 b. The coupling coefficients can be conftolled by the dipole separation from the

feed line [59]. Alternative designs using undulated lines, with or without a conducting

ground plane is also possible 162,63,641and can be designed using the naveling wave

antenna theory. In this work we have studied the performance of conical reflectors

with a line source feed which is made of an array of microstrip comb lines. In this

work we have used the focal region field to determine the exciøtion inænsity of each

microstrip comb line stub, i.e. array elements, at their location. The selected array

excitations along with the fiaveling line antenna properties can bo used to determine

the stub locations and their widttrs.

CHAPTER TV
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In the following section, The expression for the far field patterns of conical

reflectors with a line source feed in the form of ¡wo microstrip comb line arrays, are

derived and computed using a numerical integration of the physical optics currents. For

selected cases numerical data for both co- and cross-polar patterns are generated to

examine the conical reflector performance with these simple feed.

4.2 Wide Angle Cone with Linearly Polarized

Microstrip Comb Line Array Feed

Consider a line soruce feed in the form of nvo microstrip comb line arrays (Right

comb line and Left comb line), radiating in both directions, oriented parallel to the -r

axis and located in both sides of the y axis of the coordinate system of Fig. 4.2. The

incident field from the feed induces current disnibutions on the reflector surface, which

is assumed to be perfectly conducting.

The direction of the array beam 0o, which is equal to the contained cone angle

2v can be write as [65] ;

where;

cos0o =

À is free space wavelength for a given operating frequency f o, and,

Lsf is the guide wavelength of the feeder line, which are relaæd for a given

microstrip maærial e, [66J as ;

Lsr
_À

s

Using (4.2) tn (4.1), we can obtain s which is the separation between adjacent

stubs.

Having calculated the excitation coefficients according to the focal region field

[58], one can obtain ( Appendix C ) ttre electrical quantities, and the physical dimen-

sions of the microstrip comb line array.
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The incident magnetic field from the feed ( Appendix D ) on the conical reflector, can

be written in the rectangular coordinates as ;

ibh 2 Nn r Ifinc- # ÉË Ascijlfø*r)â*+(qw)âr+@wz)à,1 Øs)
7u Lo j=l i=l

in which ;

A scij

qwx

= E yij w¡¡ e-ik dç¡¡ cosoo w scij

= NJ [ - sin0'¡; cosO'¿; cosQ';; ] * *

qwy - NJ [-sine';¡cos0'¡;sinQ'¡j ]* *

qwz = AJr [ + sine'2;i ] * * [ + sine';i ror4'¿; ]

AtJ-j

ARR _K

Isina;;

(r"rfij)t''

¡ ii = O [ * sing';¡cosQ'¡; - (e"ff;j!]+

s ii =lo ,, - zk (eE¡¡¡U,r+f

sinÍ' sinZ' . n-i kr'i¡
Wscij = y 7 hwn

Y' = khsn9'¡¡sinQ',¡

Z' = tkr¡¡"oro'¡¡

, *io 
f 
r r"r',, sinQ'¡ + |r,r*rru ]hwp =e L

[ - rore',¡ ]

Ioo ]

+ lI;; I

[ ,or,+ ij - |

sin B ,j]

l¡j

(4.4)

| ,o, B ,jf

(4.s)

(4.6-a)

(4.6-b)

(4.7-a)

(4.t-b)
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,'ii = [{p'rorq' - r,j)'+ (p'sinQ' - ti¡)z+ (p'cow - dscijr'ft''

p'¡j = [ {p'rorQ' - x¡j)z+ (p'sinQ' - lii)zftrz

sin0';; - P'i¡ lr'r,

cosO';; = (p'cotv - dscij) I r'¡j

sinQ';j - (p'sinO' - li¡) l p' i¡

cosQ',7 - (p'cos$' - x¡j) l p'¡j

with the t"r ,-i k ds¡¡ co'ê¿ being the array scanning factor.

Using (a.3) and (2.6) in (2.5), one obtains the components of the surface current den-

sity as ;

r .. - i2k h slnv 2 N'"

-xq 17 - E> Ascij
'Y 

Po j=L i=l

r - 
j2khsinv 2N"'

rvij= T È,lAscij
r - 

j2khsnv 2N'"
J,ii= T rEr,.>, 

Ascii

Substituting (4.11) in (3.1), we can write the contribution of the reflected rays from the

right half and the left half of the reflector in the far-zone as ;

En"¡, = -#s-ik n 'flrlf cosocosQ Jx¡t *cososinQ JyiL -sine r,,,] â,

(4.10-a)

[ - ,o* srnQ'qwz - qry I

[ * ,o* cosþ'qwz + qr* f

[ - co* cosþ' qvvy + cotv srnþ' qwx

(4.10-b)

+ 
f-sinq 

J,¡t*cosQ,Ir;r]U- 
]

¿iÊR'[rin0"os(0_Q') + 
"ow"org]p,cosecv dp, dþ,

(4.11)

l
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En,rt = -'!Í; ,o- ''(i 
{ f 

cosocosQ r*¡z*cososinQ rriz- sne 4,rfâ,

+ 
f-sinO 

:¡z*.orq /y;z]â, 
] Ø.r2-b)

sike'lsne*s(H') + cowcoso] p,cosecv dp'dQ'

Following the same procedure as in [0], we can write the conribution of the direct

rays (Fig. 4.2) from the feed (right and left comb line arrays) in the far-zone as ;

EDi, = -tf;,# ,-fi^ + ?"?" 
E y¡iwii r-i k d'a¡ cos'o

QQ¡¡ { lrrr( 
o.o ) +BRR ( cososinQ I ] ¿,

r+ l,ro(sino)+^BRR (cosQ,]u- 
Ì 

g.ß)

where;

QQ¡¡ = i"L Y vwp swp (4.r4)

YY = kh sin0sinQ

ZZ = IOw;¡cos0 (4.15-a)
2

+¡rl nsinosinQ * 1r,,.ore I
vwp -e L 2 " J

ci¡,ñ _ -*ik Iri¡ sin0cosQ + y¡; sin0sinQ + a""¡¡ cose ]swp -e L

BJJ - i Iri"C;¡+ lT¡¡ I sino,7]
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BRR = k(e,ff¡j)tt2 frorc,j- lfrj l"oru;;]

çii = /, I sinocosQ - G,ff¡j V)+

o ,i = [",
in which ;

dr"ij = sor+(i-1) d"

v is the cone half angle,

Ao is the array scanning angle,

- zk (e"¡¡i¡Y+

N"" is the number of stubs in each comb line array,

L¡j , L'¡j length of microstip conductor and 'end effect', respectively of the ijth

stub,

h is the subsÍate thickness,

e"ffij is the effective dielecric constant of the ijth stub,

I f,j I , w¡¡ ãra the reflection coefficient and the effective width respectively, of

the ijth stub, and,

Eyij being the actual or the truncated focal region field distribution.

The radiation characteristics of the conical reflector can be determined from these

expressions.

(4.16-b)

(4.t7-a)

(4.t7-b)

4.3 Numerical Results and Discussions for Far Field Patterns

In the examples to follow, a wide angle cone is investigaæd. In each case an

appropriate comb line array is selected and the reflector far field data is computed. The

number of elements in each comb line array is selected such that, the array length

equals approximately the geomeÍical optics line source length [70]. The comb line

-68-



¿uray used as a line soruce feed, designed to operate at center frequency lo = 6 GHZ.

The subsfrate assumed to be of the type with relative permifivity e, =2.52 and thick-

ness å = 1.585 mm. In these examples, we assume that the feed to the comb line array

is connected to the end far from the apex, while the matched load is connected to the

end near to the apex.

Figs. 4.3, 4.4 and 4.5 show the behavior of the actual and hypothetical normalized

field distribution along the aperture of comb line array feed, for various P¡ ( percen-

tage of the incident power dissipated on the matched feed located at the end of the

comb line ). Figs 4.6, 43 and 4.8 show the stub width and conductance corresponding

to the field distribution shown in Figs. 4.3, 4.4 and 4.5 , respectively. From these

figures. we can conclude that, the stub conductance and width are decreased with the

increase of P¡.

For the designed operating frequency I o = 6 GIfZ, and with the assumed sub-

sfrate relative permittivity e, =2.52 and thickness å = 1.585 mm, the separation

between adjacent stubs (s) is 21.35 mm. It is clear from Fig. 4.6 that, the maximum

stub widths for the A.FR.F and H.F-R.F. arc 16.82 mm and 17.85 mm, respectively,

which provide an inter stub separation of about 3.50 mm. Larger separation can be

obtained by decreasing the stub widths, this provides an adjacent separation between

adjacent stubs to minimize their mutual coupling. In Figs. 4.7 and 4.8, this is achieved

by increasing the percentage power loss in the matched load, where the stub widths are

15.0 mm and 10.0 rlm, respectively. In the latter case, in Fig. 4.8, the stub widths of

10.0 mm increases the inter stub separation to about L2.00 mm ( U4), which is an ade-

quate separation to eliminate mutual coupling.

Figs. 4.9 to 4.L4 show the behavior of the co-polar and cross-polar field com-

ponents for a wide angle reflector with an aperfure diameter of 30.0 1,, having different

array element excitations, for various P¡. The Eg component is computed in the E-

plane, (0 = 90o), while the Eq component is computed in the ÉI-plane, (Q = 0o). The

cross-polar component is computed using Ludwig's [56] third definition in the plane,

Q = 45o, where it has maximum distribution.
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Figs. 4.9, 4.11 and 4.13 show the results for an array of microstrip comb line

having the field excitation given according to the exact focal region field

(E = E¿,.pn¡) shown in Figs. 4.3, 4.4 and 4.5, respectively. Figs. 4.I0, 4.12 and 4.14

show the results for the sÍLme ¿uray, but with the field excitation given according to the

hypothetical focal region field (E = En¡n.p) shown in Figs. 4.3, 4.4 and 4.5, respec-

tively.

From Figs. 4.13 and 4.I4 it is clear that the peak cross-polarization is -18 dB

and the first side lobe level in the l/-plane is -19 dB, while in the E-plane it is close to

-18 dB. The results show that, the reflector performance is not compromized by

selecting the simpler hypothetical focal region field of Fig. 4.5, instead of the original

complex focal region field in Fig. 4.5. Also, the reflector performance has not

deteriorated by increasing Pt to decrease the stub widths of the comb line array.

In these examples, the use of microstrip comb line arrays provides far field pat-

terns with satisfactory gain factors of about 70 Vo and slight high cross-polarizations.

The computed gain factors include the feed spillover power and the load loss but

exclude the subsfate losses.

The above results for wide angle cones indicate that microstrip comb line arrays

can be used as feeds for conical reflectors.
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4.1 Discussion

Discussion and Recommendations for Future Work

The polarization nature of the field in the focal region of conical reflectors was

charccæized. It was shown that, near the focal line both cross-polar and axial field

components a¡e small and the required line source must be linearly polarized. How-

ever, over a cylindrical surface of a finiæ radius, the field distribution contained a

significant axial field component E' especially when the total cont¿ined cone angle is

90o . These results indicaæd that for a line sor¡rce of finite diameter, its surface field

disnibution must contain other field components to generate a linearly polarized far-

field. Specifically, for wide angle cones, a linearly polarized aîay, such as a dipole

rrray can be used as their line source. For narrow angle cones (around 90'), on the

other hand, a dual polarized dipole must be used to provide both transverse and axial

components of the field. When dipole excitations correspond to the focal region field,

the reflector far field becomes linearly polarized with small cross-polarizaton field, to

provide a linearly polarized far field.

For the wide angle cone case, a microstrip comb line array feed was demon-

sûated. A compact design was presented for a microstrip comb line anay feed. An

optimization technique was used to obtain the physical dimensions on one side of the

subsüate for the taveling wave ruray. Correction formulas were used to compensate

for the effect of discontinuities in the structure and further correction was inFoduced to

give a proper impedance match with the rest of the system by an admittance fransfor-

mation.

CHAPTER V
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4.2 Recommendation for Future Research Work

A few valuable and inæresting problems may be generated from this disserøtion.

In the case of narrow angle cones, using the combination of comb line and prox-

imity coupled dipole ¿uïays as a line soruce feed for the 900 cone, must be studied.

A practical implementation of dipole Íurays as a microsrip configuration to facili-

tate the design and fabrication, should be made to evaluate the reflector performance.

Investigation of antenna performance over a practical bandwidth, must be con-

sidered.
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Appendix A.

Near Fields of a Finite Dipole oriented along the x-axis

and fed by a Sinusoidal Current Distribution

Refening to Fig. A.la and assuming a sinusoidal crurent distribution along the

element given as ;

l" (x' ,!' ,z') =

â,rosrnlrl+-,']] r 1x, 1.+

à. r. s,nlr l+* ,, ] ] l= *' = 
o

The magnetic vector potential A can be written as ;

t_
Ã(x ,y ,z ) = hJ ,, (x',!',r'¡ 4 ¿¡'

C

where (x ,y ,z ) represent the observation point coordinates, (x',y'
coordinates of the sor¡rce point, r is the distance from any point in

observation point, and path C is along the length of the soruce.

Substituting (4.1) into (4.2), the magnetic vector potential A can be written as ;

^ 
= àrA,

= à- þlo
* 

4rE l,'lrl+..
2

(4.1)

(A.2)

,z') represent the

the source to the

*l'3-,
+ J '*þ l+-'

0

')l+*'

))+*
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Fig.4.1 : Dipole geometry for near field analysis.
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where fot y' = z' = 0

,= [c x-x')2+ y2+ r'f+

The magnetic field intensity can be written in rectangular coordinates as ;

H=lvxA
tr

- l lro, o - ao" o-l= ; L-; u, - a, ', I (A'4)

Using (4.3) into (4.4), one obtains the components of the magnetic field intensity as ;

H* =0

Hv=.++

H,= *+
where

0

Ur=J
t,_T
,"[* l+.'']]+dx'+

(4.3b)

Using Euler's relation

sinft( l**'¡=
reduces (A.5d) to

t,+-
2

J sin

0

+¡r1l* x'¡
e'

(4.5a)

(A.sb)

(4.5c)

lrl+-''ll+*'

2j

(4.5d)
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drc'
t-ik(r +x')

(4.7)

0.+l
_t,

2

l*,

dx't-lk(r -x')

dx'-e

u-ik (r + x')

*l'
2

_,r+ I
0

t-ik(r -x')

0

f *'-,-'ol l' ¿ [I ",,ò'L_T

0

.jk+ 
J

t,_T

)*'

d)c' - e

{.

t-ik(r -x')

,-ik(r +r')

r

(4.8a)

t,¿_
2

f*'-'-u+ I* [,0

*''
2

.jk+ 
J
0

Ur=+

)*,

Using (4.7) into (A.5b), we obtain;

,-ik(r -x')

t-ik(r +x')

0.jk+{ 
* [

2

+e

0

f*'-;*+ { + t_T

t,+-
2

f*'

- jk (r + x')

{.

n-ik(r -x')
r

(4.8b)

at
-tðzL

e

t!.. - * 'o' &nj

t,+-
2.*l 

J
0

f*'-'-'r+ I+ [
0

also using (4.7) into (4.5c), we obtain ;

- jk (r - x')

+e

e

0.iol 
{ +_T

t-ik (r + x')

*l'
2.iol l' a tJ ayL

0

+e
Io

8æj
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The third term within the brackets of (4.8a) can expressed as ;

,

'*jr, { * [

t,+-

Consider now the differential of

e-jk

d lftffif=, - ik (r +'', 
[ 

- 4 - ¡o *tf*'

(r

r
+ x')

*lL

1 *,oL 
2

ld*' = r r*'* T t ¿-ik(r*'', | -\-¡o 4f*'I ; l- ,' ,"J

(A.e)

which is an exact differential. IVith the aid of (4.10), (4.9) can be integrated and

expressed as

t,+-
2*¡rl l' ðe - J a,

0

t-+ik-=
= *ze '

[,

t,

-jk(r +t')

+-:
2

J
0

.+

l*'= *ru*tol J e
lo

t-+ik-2
+ze " 2

[,

jk

,-ik (r + x')

where according to Fig. A.1b

r (r +x'-

t-
t(r1+ f)

,,= 
[, 

. - 1r'+ v z. ,'f'
,"= [ x2+ y2+ r')+

t_rtQr*t-*)

x)

-ik(r +,,, 
[- I-¡oí)*,

(4.10)

*¡t 4l ¿-i*," I-ze 'l'¡'"--, 
1

(4.11)
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,r= 
[, 
**+)'* y'.,,f'

In a similar manner, the other terms of (4.8a) can be written as ;

0

*r*jr? J
_t,

2

al-_t
ðzL

t-ìk (r - x')

*o4l ,-i*," I
-ze l+ ze

l_ r" (r, +.r) I

0
_n+ 

l*t
2

-e

f*'=

t- ik (r + x')

-*41 e-ir," 1 -¡r4
-ze ¿ | " l+ ze L

L', ('" - x) l

*jk +

t,+-
_*t 

I* t

(4.1lc)

f*'=

- ¡f 1rr* lle'
,^ryF

-e t-ik (r - x')

+ze
.. t,

-tk-'2

(4.1ld)

)*'=

t-_ jk (r2_ ;)e-
t_

r2Qz- 7 - x)

-¡*<rr-4)e'
t_rt(rt- i * r)

-,rll ,-,r," I
- LC t- I

Lr, (r, + ¡) 
_l

(4.1 le)
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Using (4.11)---(4.1lf) reduces (4.8a) to ;

I^LI --L z"y 4nj 0z+rz)
In a similar manner,

Io yHr=

l,-,r,, - 
2*,loî),-o,"

(4.8b) can be written as ;

l,-'r" -2*,lo?),-ir"4nj Q'+ t')

* r-'o'"f

* ,-'o"f

(4.12)

(4.13)
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Appendix B.

Near Fields of a Finite Dipole oriented along the z-axis

and fed by a Sinusoidal Current Distribution

Referring to Fig. B.1a and assuming a sinusoidal cturent distribution along the

element given as ;

l" (x' ,!',2') =

b, r. s,nlr l+ -,')]' =,, = 
* +

û,r.s,nlr l+ 
*,,)] l=,' =o

the magnetic field intensity as ;

1..t
H* = .tr ,-+;T le-jr"

Following the same procedure as in Appendix A, we can write the components of

Hy

Hz

--'o x l.-,0,,: - 4ni 

-G\ 

y\ Lt

= 0.0

where according to Fig. B.lb

,,= [ x2+ y2+rr-;r,)i

lr
- 2cos I k-Ll2

lr
- zcosltcT

)r-trr" 
+ e-ik

," = [ x2+ y

,r=lx 2 + y

(8.1)

tr]

tr]

I

'* ,')z

-ikr" * ,-ik

2+(t .+r)+

(8.2)

(8.3)

(8.4)
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Fig. 8.1 : Dipole geometry for near field analysis.
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A computer aided design procedure is presented for a series-fed arrangement of

microstrip comb line linear antenna in naveling wave mode. A microstrip comb line

array is shown in Fig. C.la. It is basically a taveling wave structue using a number

of open-circuit terminations as radiating elements. Each of these terminations is con-

nected to a coÍrmon feeder line by a half wavelength resonant stub so that at reso-

nance the radiation admitønce is fransformed directly on to the feeder line and T-

junctions are formed at the place where the stub is attached to the feeder.

Typically the design procedure of any aûay antenna commences by choosing the

excitation current disnibution and then calculating the element excitation coefficients

according to the required specifications. Having calculated the excitation coefficients

A; according to the focal region field [58], the second major step in the design process

is to proceed in evaluating the electrical quantities, ending by obtaining the physical

dimensions of the structure. It is evident that radiation conductances of the stubs give a

measure of their radiated power. Thus, the stub radiation conductances are essentially

proportional to the square of the excitation coefficients. For a Eaveling wave array, the

exact calculation of the values of the radiation conductance G, to produce a required

amplitude distribution, given the percentage power loss in the matched load, P¡,

requires an n-variable optimization procedure and is involved if losses in the line or

the susceptance loadings B, are significant. However, for long arrays, it is sufficiently

accurate to perform a reverse iteration procedure starting at the load [59]. The radia-

tion conductance of the ith element normalized to the line admittance Í¿, is

Design and Analysis of Microstrip Comb Line

Linear Array Antenna

with known Excitation Distribution

Appendix C.
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Gr,i = Pi
I u=, ]-t
lrr* I", f

I v=' j

where P¡ is the power radiated by the ith stub and the array has n stubs.

These normalized conductance values are üansformed to actual values by consid-

ering the specified impedance level of system Z¡ rypically used as ( 50 ohm ).

On the other hand, the radiation conductances of an open-circuit microstrip termi-

nation is to a good approximation, a simple function of the strip width, approximated

to f una ? ..1 to give the actual radiation conductance of the ith stub termination

as [69] ;

Gr,¡ =

where D¡, Zo¡ and e"¡ are the effective width, characteristic impedance and the

effective dielectric constant of the ith stub respectively, and ft is the subsfrate thick-

ness.

Basically, a comb line array uses half guide wavelength long microstrip radiators

open circuited at only one end, with the remaining ends exciæd directly by a feed

transmission line with one guide wavelength separation between consecutive stubs.

However, accurate or almost accurate implementation of such a microstrip design

requires the reduction of a cut and try process. This can be achieved easily by includ-

ing effects of microstrip discontinuities in the design process.

Generally, the discontinuities are represented by an equivalent circuit, defined

befween reference planes at which semi-infinite lines terminate. In the comb line struc-

ture, T-junctions are formed at places where stubs are attached to the feeder line. Fig.

C.l(b & c) show such a junction and its equivalent circuit. The modeling of the T-

junction and its corresponding relationships are based upon [65]. The effective width

of the feeder Ine D¡ and of the ith stub D, are expressed by ;

4rc

32, À î" G
LD' I

(c.1)

(C.z)
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l20nhI)¡ = --------------:t zr "'l e"f

+=non! I
À '-" " 7t 2,, ^{Ç

and the fransformer turns ratio of the ith stub is ;

lli =

sin(f +fr,

where Zf , ,"f and î,r¡ are the characteristic impedance, effective dielectric constant

and guide wavelength of the feeder line, respectively.

D'
Substitute for 

^, 
from (C.3b) in (C.2), we end with ;

ß zDr Zf
2 Ls¡ Zo¡

2.,^{Ç=4n+l+)+

The characteristic impedance and the effective dielectric constant of the ith stub

are given by [66,68] as ;

z
zoi =--::ht8¿ +o.zsYl

2n\ E"¡ w¡ n

(C.3a)

zoi = # rî * L3e3 + 0.667 r^ (+ + t.4r4)

where Zo = I20n

er+1 Ê,-l w;Eei=., * Z fÁi)

, r(+) = ( t+12+;å + o.o¿ tt-|>z

(c.3b)

(C.3c)

ø, | <<r (c.sa)

(c.4)

l-1 f", + >>1

ril;
tor f

(c.5b)
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e¡+l €,-l w;Eei= , * Z fz(i)

W;1,r(+)=(t+12+;"
using (C.5a).....(C.5e) into (C.4), one can calculate the effective characteristic

impedance Zo¡, the effective dielectric constant rr¡ ând the effective width w; of the

ith stub.

The guide wavelength of the feeder line 1.r¡ can be obtained from [68] as ;

"î.Lsr=G

where 1, is the free space wavelength for a given

grven as ;

Err =8, -

rcrIrrt (c.5e)

(c.5Ð

7
G = (#)2 + o.oo4 zo

¿o

-zo
r P 2þ"h

1+ G (Íolfp)2
Er-8"

are ;

dt¡
Di

and

d t,i
Dr

The equations for the displacement of the reference planes as shown in Fig. C.la

(C.6a)

operating frequency f o ffid €r¡ is

= o.o5 
zf 

n,,Zo¡ '

= +- 0.16t I + ( +)2 -z^r+rr+
of

+ = +- 0.16r I + ( +)2 -z,,(+rr+

(c.6b)

(C.6c)

(c.6d)

ror ? =, (c.sa)
Zo¡
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The shunt susceptance of the ith stub B r, ¡ is given by :

D¡ 2D' Z'Br, = _-*-t-(l-^-)] 't¡t ZfLe¡ Lef " Zoì

or

Dr 2D" Z'8,, = _*-[+( 1 -+ )(3+ -2)lt'L ZfTe¡ L'\- Ls¡ "- Zoi -'r

The other discontinuities in the comb line structure are the open-end of the stubs.

Such a discontinuity is represented by an excess capacitance which can be üansformed

into an equivalent length of fiansmission line ( LL ¡ ) as shown in Fig. C.lb. An

LL,
empirical expression tor ( 

OL ) is appeared in t66l and used here as ;

LL¡
h

=,rr, 

{

Z"
for + < 0.s

uot

The correction factors resulting from discontinuity considerations

(dz,¡) and LL ¡ modify the ittr stub physical lengrh (L'¡) and the

separation (S';-r,;) into the elecnical (effective) length (L¡) and

( S ;-r, ; ) respectively as expressed in the following relationships :

L'i = Li - LLi -(+- dz,¡)

and

S'i-L,i = ,S i-t,i + dt,¡-t* dt,¡

(e"¡ *0.300 )(+ + 0.264)

ror fr .0.t (c.eb)

(e"¡ -0.258 )(+ + 0.800)

(C.9a)

A naveling wave antenna is a structure having the properties of conveying energy

by guiding waves at the same time causing a coherent radiation into space. The radiat-

ing elements of the ¿uray are disposed along a Íansmission line which is exciæd at

one end and each of its elements couples a portion of the energy to the next one. After

the last element a remaining small portion of power is left to be dissipated in a match

-99 -
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(d t¡) ,

inter stub

separation
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load terminating the array at the other end. Input admittance (impedance) of the array

is an important parameter in the design process. To calculate the input admittance for a

fraveling wave array, consider the equivalent circuit for a typical stub and its associ-

ated T-junction shown in Fig. C.2a. Since the stub is essentially a half wavelength

long, hence its radiating admittance (Gr,¡ + j B r,¿) can be nansformed directly

onto the feeder line after multiplying by the ( n¡2). Resulting in a parallel combination

with the shunt susceptance (j B r,¡) of the junction, and a total admittance

(n¡2lGr,¡ * j B r,¡l+ j B r,¡). To cancel out this imaginary part i.e. the total

admittance should be (n¡'Gr,, ), the electrical length of the stub is reduced in order

to force j niz B ,,i =- j B r,¡. The new electrical length of the stub should be

(+), where q is a constant less than unity. By using the principles of ûansmis-

sion line theory, the total admittance (Yr, ¡ ) at the ith node due to the ith stub and its

associated junction may be written as ;

Yr,¡ = j Br,¡* n¡2lYo,¡

where (Yo, ¡ ) and þ, = ? are the ith stub characteristic admittance and wave
Lei

number respectively. By equating the imaginary part in the right hand side of Eqn.

(C.12) to zeÍo, we have :

an2 p, L, +bb tn þ¡ L ¡ +cc =0

where

Gr,i * j ( B r,i *Yo,¡ 9¡)
(Yo,¡ - B r,; Þ¡) + j Gr,¡ þ¡

bb =Yo,¡l

Yo,¡ - (G2,,i + 82,,¡) 
+ 

8,,¡ B r,i

+ (Gz,,i + 82,,¡) -Y'o,¡ 8,,¡

(c.r2)

(C.13a)
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Fig. C.2 : (a) The equivalent circuit for a typical
Stub and its agsociate T-junction, (b) The trave-
ling wave array with a reSiStive matched load Gl.
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+ 
(G2,,i + 82,,¡) -Y2o,i B r,i

Y2o,¡(Br,r*4,

As is clearly shown, Eqn. (C.13a) is a second order equation in (tan B ¡ L ¡), solving

for(tan þ¡L¡ )andchoosingtheprinciplevalueof (Þ¡)theelectricallength (Li)
which cancels the imaginary part of the ith stub input admittance can be calculated.

The naveling wave array with aresistive matched load ( G ¡) at the end is shown in

Fig. C.2b. The overall input admitt¿nce of the array ( Y ¡) may be calculated by an

iteration process sørting at the Nth stub as ;

2l
Yin=Gt+à1Y,,,-r+Y¡

where (f¡ ) and F/ = 
+ 

are the characteristic admittance and wave number in the

feeder line, respectively.

Y,,¡*iYrffiF¡St
Y¡ + jYr,¡tarr F¡ S,

(C.13c)

(c.14)
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A conventional microsftip line of length 2/, conductor strip width w, substate

thickness /¿, substrate relative permittivity and permeability of er> 1 and Fr= 1,

respectively, lies in the xz-plane as sketched in Fig. D.l. To simplify the calculation

the microstrip is offset to one side of the origin o, so that the conductor strip, of negli-

gible thickness, lies in the xz -plane ãt y = 2å : similarly, the conducting ground plane

and the image of the conductor strip in the ground plane also lie in the xz -pLane but at

!= h and 0, respectively.The ground plane and subsüate extend along the te-

di¡ection and have an overall widths w' but atx= t/ the microstrip structure is open-

circuit and radiating apertues I and 2lie in yz-planeatx= t/ where the substrate ter-

minates. A good approximation to the waves guided by the microstrip is the transverse

electomagnetic wave [6T QEM ) which is assumed to be concentrated under the strip

and incident on each aperture where some power is radiated and the remainder

reflected as a guided wave. Under these simplifying assumptions, the transverse field

(Eo,fla) in apernue 1, which is now restricted to the rectangular region bounded by

the conducting strip at y4h and its image in the ground-plana 7t != 0, is given by

Radiation Pattern of Open-Circuit Rectangular

Microstrip Patch Resonator

Appendix D.

Eo = +âyEyøcp(-j P/)(1+T)

Ho = +àzH,exp(-j B/)(l-Tl
Er=zHz,z=ZolF,Þ = k(erff¡tr2 - 2æ17,",

where E"¡¡ is the effective permittivity of the microstrip subsnaæ and a harmonic

time variation of exp(+j<¡l) is assumed and omitted throughout. The complex

reflection coefficient f = lT I exp(-j2þl') where /' is the end-effect, manifesting

itself as a capacitive loading across the end of the open-circuit termination.

The far-field (Erad,Hrad ) corresponding to a field distribution (Eo,Ho ) in an aperflre

(D.1)
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So is given by the far-field form of the vector Kirchoff formula as ;

E,ad =rÉ, xJ t* xEo) - zo â rx(â xlt) ] exp (ikprâ L)dn
s.

Hrad =r É1 x J t * xHo) + zo Ê rx(h xlorf ,* çtcpr.A r¡ n
s"

where the vector quantities follow [48] notation and are defined in Fig. D.l together

with the co-ordinate system and K= ffi "*nt-¡*¡.

On substituting for (ßo,Ho ) from (D.1) in (D.2) and carrying out the appropriate

transformation of unit vectors, one can write the radiation far field as ;

E,od =KÉ',*J - Ey exp(-j B l)l-â,cosO ft (r"rr)'''(1 -1 ) - à,t + (l +1 )

,so

. sin0cosQ k (eefrrrrz çt-1 Lf t*çtcpr.Ê,¡aa
(D.3)

lnl
H,od = +-É,*J - E, exp(-j B t)là.sinosinQ(1 +T ) + àyt + (1 +I )

s.

sin0cosQ + k (e,¡¡rtrz Q-1 I tf t* ç*pr.âr¡ n
Now p1 = x' à* + y' ày + z' à, is a vector from the origin o to apoint (r',!',2' ) in

the aperture and âr = sinecosQâ" + sinQsinQâ, + cos04; thus, eqn. (D.3) simplifies

to;

Erad = exp(iksinOcosQ - Þ)/Érx [4 rore k @ttrtrzçl- r I - â,1+ ( t +T )

- sinocosQ k (e"frrrrz çr-T lt ] lf e,q¡

(D.2)
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1 ¡ f .
H,od = i trn(ift sinocosq - B)/É1x lâ, tinerinq(1+T ) + ârl+ (t +T )

sinocosQ + k (e,¡¡rrrzçt-1lf ]1t0,0) 
(D.4)

y'=2h z'=w

1(0,0)--rr* I J
y'4 z'4

- -ErK2hw +
Y

Z

Y

= kh sin0sinQ

= | tw coso

- expLik(hsin0sinQ * I*cosO)l

exp Ljk(y'sin0 sinQ + z'cosO )f dy' dz'

sinZ *
Z

On ftansforming the unit Cartesian co-ordinates the far-field radiation terms

corresponding to aperture 1 can be written as ;

Eer =1(0,Q) 
{ 

- @"ff)'''l exp(+i() - T øcp(+iE) I'( + sinor"rQ) 
}

t_
Eqt =1(0,0)ltexn(+i() + r exp(+i Ë)l'(+sinO)+

k (Eeff)l'2l rrp(+j ç) - 1 ecp(+jg) I .1 + cosql 
)

(D.5)

I
H/ = 1(e,O rlr*oG j Ç) + T exp(+j€)f 

[ ù(-sinOcos0cosQ)+

â, ( -sinOcos0sinQ) + â, (+sin20¡] * o (r,rÐ'''l exp(+j() - -f exp(+j Ð t

Ira r - coso ) + à,( + sinocosg) ]l +
Ç = tlsin0cosQ - @dìt''lt, E = È[sin0cosQ - @dìt'']l - 2pt'
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Consider aperture 2 in Fig. D.l situated at x= -l; the apertwe fields correspond-

ing to eqn. (D.1), carrying the same assumptions and compatible with resonator action,

are

Eo = +ârEyexp(+i B/)(1+T)

Ho = - â, H, exp(+ j p/)( I -T I

and on repeating the calculation of eqn. (D.6), based on eqn. (D.2) with h= - âr, the

radiation far-fields of apernue 2 can be written as ;

t. I
Eeil =/(e,O) J k@df)r'z[txp(-i Ç) - f exp(-i E) 1 '(+sin0cosQ) |t)

t_
Eau = 1(0,Q) 1 I exp(-i Ç) + I exp(-i E) l'(-sin0) +'t

k (e,Íf)ttzl exp(- j Ç) - I exp(- jË) I .1+cosq¡ ) (D.7)
)

Ir
H¡¡ = 1(e,Q)llexnçiÇ) +T Øcp(-i É)l'Lâ"(+sinOcos0cosQ)+

t

à, {+sin0cos0sinQ) + à, (-sin2Ol] * t @"ff)t''l exp(-j() - T exp(-i6) I'
t-

lf A f -roso) + à,(+sinocosQ ,lI +
with 1(0,Q), ( and Ç as defined for eqn. (D.5).The assumed resonator action is that

the wave reflected from aperture 1 is the incident wave approaching aperture 2, and

vice versa, with energy losses due to aperture radiation replenished by the feeder

which is attached to some point on the resonator, with impedance properties compati-

ble with feed system. Under these assumptions, and neglecting radiation losses from

the feed point, losses in the subsüate and radiation due surface irregularities and met¿l

inhomogeneity along the resonator length, the combined radiation far-fields of aperture

I and 2 are obtained by adding eqns. (D.5) and (D.7) thus ;

(D.6)

-r07-



I æ I



tU Steinberg, B.D., 'Principles of Aperture and Array System Design Including Ran-

dom and Adaptive Arrays,' John Wiley and Sons, New York, 1976.

I2l Hansen, R.C.,'Mícrowave Scanning Antennas,Yol. 1-Apertures,' Academic Press,

New York, 1964.

t3l Jasik, H.,'Antenna Engineering Handbook,' McGraw-Híll Book Co., New York,

1961.

t4l Born, M. and Wolf, 8.,'Príncíples of Optics,' Pergamon Press, New York, 1964.

t51 Hannan, P.W., "Microwave Antenna Derived from Casse$ain Telescope," IRE

Trans. on Antenna and Propagation, vol. AP-9, No. 2, pp. 140-153, 1961.

t6l Love, 4.W., "Scale Model Development of a High Efficiency Dual Pola¡ized Line

Feed for the Arecibo Spherical Reflector," IEEE Trans- on Antennns and Propa-

gation, vol. AP-21, No. 9, pp. 628-639, 1973.

l7l Collin, R.E. and Ztcker, F.I, 'Antenna Theory, Pt.l and PtZ' McGraw-Hill Book

Co., New York, 1969.

t8l Phillips, C.J.E. and Clarricoats, P.J.B., "Optimum Design of a Gregorian-

Corrected Spherical Reflector Antenna," Proc. IEE, 117, No. 4, pp.718-734,

1970.

t9l Clanicoats, P.J.B. and Poulton, G.T., "High-Efficiency Microwave Reflector

Antennas-A Review," Proc. IEEE, Vol. 65, No. 10, pp. L470-1504, 1977.

[10] Ashmead, J. and Pippardi, 4.8., "The Use of Spherical Reflectors as Microwave

Scanning Aerials," J. IEE, Vol. 93, Part ltr-A, pp. 627-632, 1946.

[11] Tingya,L., "A Study of Spherical Reflectors as Wide-Angle Scanning Antennas,"

IRE Trans. on Antennas and. Propagation, vol. AP-7, No. 7, pp.223-226, 1959.

[12] Spencer, R.C., Sletten, C.J. and Walsh, J.E., "Corection of Spherical Reflector

Abenation by a Phased Line Source," Proc. NEC, Vol. 5, pp.320-333, 1950.

REFERENCES

-109-



[13] Ronnan, 'W., "Wide-Angle Scanning with Microwave Double-Layer Pillboxes,"

IRE Trans. on Antennas and Propagetíon, vol. AP-6, No. 1, pp. 96-105, 1958.

[14] Schell, 4.C., "The Diffraction Theory of Large-Aperture Spherical Reflector

Antennas," IEEE Trans. on Antennas and Propagatíon, vol. AP-11, No. 8, pp.

428-432, 1963.

[15] Holt, F.S. and Bouche, E.L., "A Gregorian Corrector for Spherical Reflectors,"

IEEE Trans. on Antennas and Propagation, vol. AP-12, No. 1, pp. M-47, 1964.

[16] Ishima.ru, 4., Srenivasiah, I. and Wong, V.K., "Double Spherical Cassegrain

Reflector Antennas," IEEE Trans. on Antennas and, Propagation, vol. AP-21, No.

11, pp. 774-780,1973.

[17] Chait, H.N., "W'ide-Angle Scan Radar Antenna," Electronics, Vol. 26Bp. I28-

l32,Ian. 1953.

[18] Coleman, H.P., "Pa¡aboloidal Reflector off-set fed with a Comrgated Conical

Horn," IEEE Trans. on Antennas and Propagatíon, vol. AP-23, No. 1, pp. 817-

8t9,1979.

[l9] Clanicoats, P.J.B. and Olver, 4.D., 'Corrugated Horns for Microwave Antennas,'

Peter Peregrínus Ltd., London, UK., 1984.

[20] Iftaus, J.D., ' Antennas,' McGraw-Hill Book Co., Nsw York, 1988.

[21] Dyson, J.D., "The Equiangular Spiral Antenna," IRE Trans. on Antennas and Pro-

pagatíon, vol. AP-7, No. 4, pp. 181-187, 1959.

Í221De Vito, G. and Giovanni, 8.S., "Further Comments on the Design of Log-

Periodic Dipole Antennas," IEEE Trans. on Antennns and Propagatio,n, vol. AP-

22, No. 9, pp. 714-718,1974.

[23] Stephenson, D.T. and Finley, S.K., "I-Ise of Log-Periodic Feeds in Comer

Reflector," IEEE Traw. on Antennns and Propagatíon, vol. AP-20, No. 11, pp.

770-772, 1972.

[24] Cumming, ril.A., "A Dual-Polarized Line Source for use at S-band," Mícrowaves

"/., vol. 6, No. 1, pp. 81-87, 1963.

-110-



l25l Love, A.W. and Gustinic, J.J., "Line Source Feed for a Spherical Reflector,"

IEEE Trans. on Antennas and Propøgatíon, vol. AP-16, No. 1, pp. 132-134,

1968.

[26] Lalonde, L.M. and Harris, D.E., "A High-Performance Line Source Feed for the

AIO Spherical Reflector," IEEE Trans. on Antennas and Propagation, vol. AP-18,

No. 1, pp. I-M, 1970.

l27l Haang, J. and Rahmat-Samü, Y., "Fan Beam Generated by a Linear-Array Fed

Parabolic Reflector," IEEE Trans. on Antennas and Propagation, vol. AP-32, No.

7,pp.1046-1053, 1990.

[28] Minnett, A.C. and Thomas, B.M., "Fields in the Image Space of Symmetrical

Focusing Reflectors," Proc. IEE, 115, No. 10, pp. 1419-1430,1968.

[29] Thomas, B.M., "Theoretical Performance of Prime-Focus Pa¡aboloids using

Cylindrical Hybrid-Mode Feeds," Proc. IEE, ll8, No. 11, pp. I539-L549, 1971.

[30] Rudge, A.V/. and Adatia, N.4., "Offset-Parabolic-Reflector Antennas:A Review,"

Proc. IEEE, Vol. 66, No. 12, pp. 1592-1618, 1978.

[31] Rush, IV.V.T., "Scattering from a Hyperboloidal Reflector in a Cassegrain Feed

System," IEEE Trans. on Antennns and Propagatíon, vol. AP-l1, No. 7, pp. 414-

42r, 1963.

[32] Galindo, V., "Design of Dual-Reflector Antennas with Arbifrary Phase and

Amplitude Distibutions," IEEE Trans. on Antennns and Propagation, vol. AP-12,

No. 7, pp. 403-408, 1964.

[33] Williams, W.F., "High Efficiency Antenna Reflector," Microwaves,I., vol.8, No.

7, pp.79-82, 1965.

[34] Collins, G.W., "Shaping of Subreflectors in Cassegrain Antennas for Maximum

Apernue Efficiency," IEEE Trans. on Antennas and Propagation, vol. AP-21, No.

5, pp. 309-313, 1973.

[35] Pagones, M.J., "Gain factor of an Offset-Fed Paraboloidal Reflector," IEEE Trans.

on Antennas and Propagation, vol. AP-16, No. 5, pp. 653-655, 1968.

- 111-



[36] Clarricoats, P.J.B. and Salema, P.J.B., "Propagation and Radiation Characteristics

of Low-Permittivity Dielectric Cones," Electronics Letters, 7, No. 17, pp. 483-

485,197L.

[37] Shafai, L. and Chugh, R.K., "Dielectric Cones with a Shaped Reflecting Sur-

faces," Electronics Letters, 12, No. 16, pp. 416-418, L976.

[38] Chu, T.S. and Turrin, R.H., "Depolarization of Offset Reflector Antennas," IEEE

Trarx. on Antennas and Propagatíon, vol. AP-21, No. 5, pp. 339-345, L973.

[39] Rudge, A.Vy'., Milne, K., Olver, A.D. and Knight, P., 'The Handbook of Antenna

Design,' of Aperture and Array Peter Peregrinw, London, U.K., 1986.

[40] Eid, D.A.M. and Shafai, L., "Focal Region Field of Conical Reflectors," IEEE Int.

Symp. Dígest, Vol. II, pp. 5I I-514, 1986. June 1986.

[41] Ludwig, A.C., "A new geometry for unfurlable antennas," MícrowayeJ, vol. 9,

No. 11, pp. 4I-42, 1970.

[42] Ludwig, 4.C., "Conical reflector antennas," IEEE Trans. on Antennas and Propa-

gation, vol. AP-20, No. 3, pp. 146-152, 1972.

[43] Olver, R.E., "Large Spacecraft Antennas: New Geometric Configuration Design

Concepts," Jet Propulsion Lab. Qwrterly Technícal Revíew, vol. 1, No. 1, pp.

78-80, 1971.

[44] Love, A.'W., "Some Highlights in Reflector Antenna Development," Radio Scí-

ence,vol.11, No. 8, pp. 671-684, 1976.

[45] Eid, D.A.M. and Shafai, L., "Synthesis of Line Feeds for Conical Reflectors,"

Antenna Technology and Applied EM (ANTEM) Proc. (8ó), Winnipeg, Canada,

August 1986.

[46] Eid, D.A.M. and Shafai, L., "The Field Distribution in the Focal Plane of Conical

Reflectors," Fírst Internattonal Conference on Engíneeríng Mathematics and Phy-

sícs Proc., Cairo, Egypt, February 1991.

[47] Ghobrial, S.I, "Co-Polar and Cross-Polar Diffraction Images in the Focal Plane of

Paraboloidal Reflector. A comparison between Linear and Circular Polarizatlon,"

-ttz-



IEEE Trans. on Antennøs ønd Propagatíon, vol. AP-24, No. 9, pp. 418-424,

t976.

[48] Silver,5.,'Mícrowave AntennaTheory and Design,' McGraw-Híll Book Co., New

York, 1984.

[49] James, M.f., Smith, G.M. and Wolfor, J.C.,'Applied Nwnerical Methads for Digï

tal Computation wíth Fortran and, CSMP,' Harper &. Row Publíshers, New York,

1977.

[50] Rydahl, O., 'Scatteríng from Small Bodies of Revolution,' M.Sc. Thesís, Elec-

tromagnetic Institute, Tech. University of Dewnørk, Lyngby, Sept. 1974.

[51] Jordan, E.C., and Balmaitr, K., 'Electromagnetíc Waves and, Radíating Systems,'

Prentice-Hall Inc., Englewood Chffs., NJ., 1970.

[52] Hamid, M.A.K., Boerner, W.M., Shafai, L., Towaij, S.J., Alsip, W.P., and Wil-

son, G.J., "Radiation Characteristics of Bent Wire Antennas," IEEE Trans. Elec-

tromngn. Compat., vol. EMC-12, No. 3, pp. 106-11I, 1970.

[53] Rush, W.V.T., and Potter, P.D., 'Analysis of Reflector Antennns,' McGraw-Hill

Book Co., New York, 1977.

[54] Eid, D.A.M. and Shafai, L., "Radiation from Conical Reflectors with a Dipole

Array Feed," Antenna Technology and Applied EM (ANTEM) Proc. (88), Winni-

peg, Canada, August 1988.

[55] Eid, D.A.M. and Shafai, L., "The Performance of Conical Reflectors with a

Dipole Array Feed," Antennn Technology and Applied EM ØNTEM) Proc. (90),

Winnipeg, Canada, August 1990.

[56] Ludwig, 4.C., "The Definition of Cross-Polarization," IEEE Trans. on Antennas

and Propagetion, vol. AP-12, No. 1, pp. 116-119,1973.

[57] Eid, D.A.M. and Shafai, L., "Dipole Anay Feeds for Conical Reflectors," Fírst

Internatíonal Conference on Engíneeríng Mathematics and Physícs Proc., Cairo,

Egypt, February 199I.

-113-



[58] Eid, D.A.M. and Shafai, L., "Synthesis of Line Source Feeds for Conical

Reflectors and their Performance using Dipole Afiays," Cand. J. Phys., vol. 69,

No. 6, pp.702-711, 1991.

[59] James, J.R., Hall, P.S. and Wood, C., 'Microstríp Antenna Theory and Design,'

Peter Peregrínus Ltd., Steveflege, U.K, and New York, 1977.

[60] James, J.R. and Wilson, G.J., "Microstrip Antennas and Arrays. Pr 1- Fundamen-

tal Action and Limiøtions," IEE J Microwaves, Optics and Acousf¿cs, vol.

MOA-1, No. 5, pp. 165-174,1977.

[61] James, J.R. and Hall, P.S., "Microstip Antennas and Arrays. Pt. 2- New Array-

Design Technique," IEE J Microwaves, Optícs and Acotutics, vol. MOA-1, No. 5,

pp. 175-181,1977.

[62] Wood, C., "Curved Microstrip Lines as Compact Wideband Circularly Polarized

Antennas," IEE f Microwaves, Optics and Acousf¿cs, vol. MOA-3, No. 1, pp. 5-

13,1983.

[63] Hall, P.S., "Microstrip Linea¡ Array with Polarization Conüol," IEE J

Microwaves, Optícs and Acoust¿cs, vol. MOA-130, No. 3, pp.215-224, 1983.

t64l Shafai, L. and Sebak, 4.4., "Radiation Characteristics and Polarization of Undu-

lated Microstrip Line Antennas," IEE I Microwaves, Optics and Acoust¿cs, vol.

MOA-132, No. 7, pp.433-439, 1985.

[65] Collin, R.E., and Zucker, F.G., 'Antenna Theory part I,' McGraw-Hill Book Co.,

New York, 1969.

[66] Bahl, I.J. and Bhartia, P.,'Microstrip Antennns,' Artech-House Inc., l,980.

[67] James, J.R. and Labrooke, Ph., "Surface'Wave Phenomena associated with Open-

Circuited Strip Line Terminations," Electron Lett.No.9, pp. 571-572, 1973.

[63] GUPTA, K.C., Garge, R., and Bahl I.J., 'Microstrip Lines and Slot Lines,'

Artech-House Inc., 1979.

[69] James, J.R. and Handerson, 4., "High-Frequency Behavior of Microstrip Open-

Circuit Terminations," IEE J Mícrowaves, Optics and Acotuf¿cs, vol. MOA-3, No.

-tt4-



[70] Eid, D.A.M. and Shafai, L., "The Performance of Conical Reflectors with a

Microsnip Comb Line Anay Feed," Antenna Technology and Applied EM

ØNTEM) Proc. (92),Winrúpeg, Canada, August 1992.

5, pp. 205-2L8,1979.

-115-


