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ABSTRACT

The performance and optimization of wire biconical antennas at low
frequencies is examined using the NEC2. A planar and a body-of-
revolution model of the biconical antenna is proposed and the validity of
the models is established by making a comparison between the numerically
and experimentally obtained results. The antenna factor of the wire
biconical antennas in the study are used to evaluate their bandwidth
performances. For various flare and hat angles, the characteristics of
planar and body-of-revolution wire biconical antennas are obtained.
Different optimization schemes for the planar wire biconical antennas are
also investigated. The use of sleeve on the planar biconical antennas proves

to be most useful in the optimization of the antenna factor bandwidth.
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CHAPTER I

INTRODUCTION

For many years, biconical antennas have been used in the VHF to
UHF frequencies because of their broadband characteristics. Classically,
the analysis of biconical structures has been centered around the biconical
transmission line which is formed by placing two cones of infinite extend
together. The biconical antenna would then be a finite biconical
transmission line with spherical endcaps. However, for most frequencies
of operation, this solid or shell biconical antenna is so massive that it is
sometimes impractical. In order to reduce the massiness of the biconical
antenna and yet retain as much of its desired electrical features as possible,

the wire model of the biconical antenna is developed.

One of the earliest studies on wire biconical antennas was done by
Prewitt et al [1]. The study addressed the need for a general solution for
the planar wire model of the finite biconical antenna, which was referred
to as the "Bow-Tie" antenna. In the study, the derivation of a set of
equations necessary for the solution of the currents on the bowtie antenna
was presented. The set of equation consists of two coupled integral
equations derived from the magnetic vector potential and the boundary
conditions on the surface of the wire. This set of Hallen-type coupled
integral equations was then used to solve for the unknown currents using
the method of moments. The technique was used to calculate the input

impedance of a half-bowtie antenna with cone angle of 30° mounted over a



ground plane. A comparison between the computed and the measured
results confirmed that the integral equation technigue could be used to
characterize the input impedance of wire biconical antennas and hence for
the design of such structures. Subsequently, by using the same method,
Smith and Butler [2] reported on the characteristics of planar wire
biconical antennas with an upper conical angle of 180° and various lower
conical, or flare angles. The study was more extensive in that not only the
input impedance, but also the far electric field, of the wire structures were
calculated. Unfortunately, their study revealed that while the planar wire
model did provide a desirable alternative for the massive solid structures, it
did not exhibit broadband impedance characteristics similar to those of the
solid biconical antenna for the same conical angles. In addition, the
resistance and reactance of the planar wire model fluctuated more for a
given conical angle than for the very similar sheet triangular antenna
investigated by Brown and Woodward {3]. They thus concluded that the
planar wire biconical antenna is quite narrowband compared to the ideal

surface of revolution structure and the triangle antenna.

The idea of using the wire construction technique for the fabrication
of low-mass body-of-revolution structures was also examined by Smith and
Butler. Multiple planar wire biconical antennas were employed to simulate
the conical, body-of-revolution antenna. In the study, identical planar
bowtie antennas were intersected with equal angular spacing. As the
number of planar bowtie antennas increased, the radiating surface
approached that of a solid biconical dipole with flat endcaps.
Consequently, the characteristics of such a wire-segmented structure should

approximate those of the equivalent body-of-revolution structure. The



input impedance of such a wire conical unipole antenna was computed as a
function of the number of bowtie elements and the results indicated that as
the number of planar elements employed was equal to or greater than
eight, the low-mass structure could be used in confidence to replace the
solid structure. Based on this idea, a study on the body-of-revolution
model of the wire biconical antennas used for EMC measurements at low
frequencies was conducted by Austin and Fourie [4]. The study examined
the effects of the orientation or height of wire biconical antennas above the
ground used in measurements of radiated emission from equipment under
test (EUT), for frequencies from 20 to 300 MHz nominally. In the study,
the problem of calculating the characteristics of wire biconical antennas
was tackled by the Numerical Electromagnetics Code (NEC2 [5]). A fairly
extensive validation exercise was conducted from which a suitable NEC2
model of the wire biconical structure was derived. From the results
obtained from NEC2, Austin and Fourie calculated the antenna factor (AF)
of a commercial antenna EMCO model 3108 biconical antenna under
various orientation with respect to the ground. The good agreement
existing between their computed resuits and Smith and Butler's [2]
measured values demonstrated the usefulness of NEC2 in treating wire

biconical problems.

This work investigates and attempts to optimize the performance of
wire biconical antennas using NEC2. In chapter two, the theory behind the
solution of the current distribution on a wire antenna as used by NEC2 is
presented. The formulation of the electric field integral equation (EFIE)
from the magnetic potential equation and boundary conditions on the wire

surface is given. The general methodology behind the method of moments

2



as a numerical evaluation technigue will also be discussed. Since the AF's
of the antennas in this study are used to evaluated their performances, the
calculation of the AF as a function of power gain and mismatch loss is
presented in section 2.2.3. The input impedances and radiation patterns
obtained from NEC2 for various wire biconical models are then compared

to existing data for validation purposes.

Chapter III of the thesis evaluates the performance of wire biconical
antennas in terms of their input impedances, power gains, mismatch losses,
and AF's. The effect of flare angle and hat angle variation on antenna
performances will be examined. The planar wire biconical antennas will
first be discussed in section 3.2. The discussion will then be followed by
the analysis of the body-of-revolution model in section 3.3. The antenna
with corner reflector system is also studied using NEC2 and the results are
presented in section 3.4. Unless otherwise stated, all the antennas in this

chapter has a half length of A=250 mm and wire diameter of 1 mm.

Chapter 1V deals mainly with the optimization of the wire biconical
antennas. Preliminary optimization methods include the addition of a
cross-like wire structure to the planar model, and the modification of the
biconical antenna's shape. The adaptation of a pair of sleeve like elements
on the sides of a antenna proves to be most effective in the optimization of
the antenna's broadband characteristics and is discussed in section 4.4.

Finally, a general conclusion is given in Chapter V.




CHAPTER I

ANALYSIS OF WIRE BICONICAL ANTENNAS

2.1 INTRODUCTION

Due to its skeletal configuration, the analysis of a typical wire
biconical antenna is best tackled by the method of moments. Although one
can go through the painstaking process of developing a computer program
to obtain information that characterizes the frequency response of a wire
biconical antenna, the utilization of a well established software is almost
always preferred. The Numerical Electromagnetics Code (NEC2) is,
therefore, used for the anaiysié of wire biconical antennas in this study.
The NEC2 is a user-oriented computer code which builds around the
numerical solution of integral equations for the current induced on a
structure by sources or incident fields. The code used an electric-field
integral equation (EFIE) to model the electromagnetic response of a wire
structure. A form of the method of moments is then used to acquire the

numerical solution of the integral equations.

The main purpose of this chapter is to present the basic principles
associated with the analysis of wire biconical antenna. Section 2.2.1 and
2.2.2 are devoted to the theory and solution method behind the NEC2. In
section 2.2.1, the formulation of the EFIE used in the NEC2 will be

outlined. The numerical solution of the EFIE is then discussed in section



2.2.2. In section 2.2.3, the expression for a widely used antenna
parameter, called the antenna factor (AF), will be developed. Before
proceeding to the analysis of wire biconical antennas, a validation exercise
is necessary. This is done in section 2.3 where the computed results from

the NEC2 are compared with existent data,



2.2 BACKGROUND THEORY

2.2.1 Integral Equation Formulation

The derivation of the electrical-field integral equation (EFIE) used
for modeling thin-wire structures of small or vanishing conductor volume
in NEC2 is outlined in this section. A rigorous derivation of the equations

is given by Poggio and Miller [6].

Let (E,H) represent the field generated by a harmonic electric

current in free space (Lo,€). Such a field will satisfy Maxwell's equations
VXE =-jop.H 2.1)

VXH=J+ jogE (2.2)

where J is the harmonic source current density. The wave equation to

solve with K = OVI& is hence

VXVXE-KE=-jou.d (2.3)

Equation (2.3) can be solved in terms of the magnetic vector potential A

and the soluiion is given by

E=jo 1+ lVv.a
oK (2.4)



with

AR) = %J{GO(R@') J(R) AV
v (2.5)

where the free-space Green's function G,(RIR') pertaining to a three-

dimensional scalar wave equation is given by

Go(RIR"Y = el R-R1
AMIR-R'T R-RI=VG-xP+G-yP+@-27  (2.6)

The notation R denotes the position vector of a field point or that of an

observer, while R' denotes the position vector of a source point.

It is obvious that the electric field E depends upon the distribution of
the source current. Consider an infinitesimal source located at R' with a
current moment of 1/jwp, pointed in the X direction. The current density

can then be written as [7]

JRY=-1_§®-RY%

JWOL, (2.7)

and

{J(R') av =1 3

Substitute equations (2.7) and (2.8) into (2.5), we obtain

AR) =1 G, RRH X
jw | (2.9)



If the electric field produced by this particularly oriented elementary

(X) :
source is denoted by Go (RIRY) then

GHRRY) = (1 +L V) G RIRY R
K2 (2.10)

The above function is designated as a free-space Green's function with a

source pointed in the x-direction. The associated wave equation is given by

V x V x GORIRY - K2GYURIRY = 8(R -RY) R (2.11)

Similarly, for vector sources pointing in the y and z-direction, we have two
. ) A~y
more vector Green's functions denoted, respectively, by Go (RIR") gng

=(z)
o (RIR). The equations for these two functions are

Gy (RIRY = (1 + L VV) Go(RIR) §
k

(2.12)
GYRIR) = (1 + L VV.) G(RIR) 3
K (2.13)
and with associated wave equations of
VXV x GYRIR) - K’GY(RIRY) = SR -R) § (2.14)
V %V x GORIRY - KGY(RIRY) = 3(R -R") 2 (2.15)

Equations (2.10), (2.11), and (2.13) can now be expressed in terms of a



free-space dyadic function defined by

Go(RIR) = GYRIR) % + GY(RIRY § + GORIRYZ (2,16

with the associated dyadic differential equation given by

V X V X Go(RIR") - K*Go(RIR") = I 8(R - R") (2.17)
where I denotes the idem factor {see Appendix A).

The EFIE can then be readily derived by an application of the vector

Green's theorem (see Appendix B). If we substitute,

P=E(R), Q=G,(RIR"a (2.18)

where a denotes a constant but arbitrary vector, into the vector Green's

identity (B-5), we have

J[ |E (R)VXVXG(RIRa - [VXVXE(R)}Go(RIR Ya| dV

Vv

= - jf {{ﬁxVxE(R)}EO(RiR*)a + [ﬁxE(R)WxEO(R;R*)a} ds

(2.19)

where 1 denotes an outward unit vector normal to the surface S. The

above equation can be simplified by replacing the terms YXVXE(R) ang

10



VXVXGo(RIR') by the results of (2.3) and (2.17). Since

j ER)T R - R)aV = ER)
(2.20)

equation (2.19) can be written as

E(R)a = - jol, f J(R)-Go(RIR)-a dV

v

- f {[ﬁXVXE(R)]EO(RER'}a + [EXE(R)}-VXEO(R!R*).Q} das

(2.21)

Further reduction is done by replacing VXE by -jop H and interchanging
the primed and unprimed variables and deleting (‘) from the equation,

hence yielding

E(R) = - jol, f J(R)-G,(R'R) V" - f {-jOU[AXHR ] Go(R'R)

b

+ [AXE(R)]} V'XGo(R'R)} dS' (2.22)

where (V'X) means that the curl operation has to be performed in the
primed coordinate system. If the volume is considered to be of infinite

extent so that S recedes to infinity, then as a result of the radiation

1



condition for an electric field in free-space, the surface integral in equation

{2.227) vanishes. Thus we have

o

E(R) = - jou, j J(R)-Go(R'R) dV' = - JO R j EO(Q’IR)-j(R') ay:

Vv v

(2.23)
and since
Go(R'R) = Go(RIR") (2.24)
equation (2.23) becomes
E(R) = - jolo f Go(RIR)-J(R') dV'
g (2.25)

which is the EFIE of interest.

When the current distribution is limited to the surface of a perfectly

conducting body, equation (2.25) becomes [5]

E(R) = - joi, f Go(RIR')-Js(R") dA'
5 (2.26)

with Jg the surface current density. The observation point R is restricted

to be off the surface S so that R#R'". If R approaches S as a limit, equation



(2.26) becomes

E(R) = - j0Ls { Go(RIR)-Js(R') dA'
(2.27)

where the principal value integral, } . 18 indicated since Gy(RIR") is now

unbounded.

ok
Ced



2.2.2 Numerical Solution Methods

In this section, the numerical solution method used to solve the EFIE
in NEC2 is outlined. A detail description of the numerical solution can be

found in part I of the NEC2 manual.

The EFIE in the previous section is solved numerically in NEC2 by a
form of the method of moments. The integral equation can be expressed as

a general linear-operator equation of the form [53]

Lf=e¢e (2.28)

where f is an unknown response, e is a known excitation, and L is a linear
operator (an integral operator in the present case). The unknown function

f may be expanded in a sum of basis functions as

N
f= Z Ot}' fj
Y (2.29)

where the ¢ are constants to be determined and the functions fj are
dependent and in the domain of the operator. In order to solve for the
coefficients «; , a set of equations are formed by utilizing the inner

product. The inner product over S of two tangential vectors P and Q is

defined as

(P,Q)sz-st

(2.30)

14
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By taking the inner product of equation (2.28) with a set of weighting

functions {w;}, we have

(wi, LI} = (wy, ) , i=1,2,...N (2.31)

Due to the linearity of L, equation (2.29) and (2.31) can be combined to

yield

N
3 aylwi, L= fw, e}, i=1,2, ... N
=1 (2.32)

The above equation can be written in matrix notation as

[G] [A] =[E] (2.33)

where Gjj = (Wi» ij>, Aj=a; Ei = (Wi, €. The solution can then be found

by a matrix inversion scheme give by

[A] = [GI [E] (2.34)

Various choices exist for the weighting and basis functions. In
NEC? the basis and weighting functions are different with {w;} being

chosen as a set of delta functions

wi(r) = 8(r - 1) (2.35)

with {ri} a set of pointers on the conductor surface. The result is a point
sampling of the integral equation known as the collocation method of
solution. The choice of basis functions depends on many factors such as
convenience in computation, stability of the resulting matrix, speed of

convergence, etc. In NEC2, wires are modeled by short straight segments



with the current on each segments represented by three terms - a constant,
a sine, and a cosine. This basis function, which makes use of a sinusoidal
interpolation procedure, is first used by Yeh and Mei [8]. The sinusoidal
interpolation converges much faster than the trapezoidal method and has
the added advantage that the fields of the sinusocidal currents are easily
evaluated in closed form. The amplitudes of the constant, sine, and cosine
terms are related such that their sum satisfies physical conditions on the
local behavior of current and charge at the segment ends, The total current
on segment j in NEC2 has the form
Ii(s) = Aj + Bjsin k(s-s)) + Cjcos k(s-s), 5-5¢| < %j (2.36)

where ; is the value of s at the center of segment j and A; is the length of
segment j. Among the three unknown constants A;, B;, and Cj, two are
eliminated by local conditions on the current leaving one constant, related

to the current amplitude to be determined by the matrix equation.

The local condition which relates the current on a wire segment to

the linear charge density, g, is the equation of continuity defined by

= -joq

4

(2.37)

At a junction of two segments with uniform radius, the obvious conditions
are that the current and charge are continuous at the junction. While at a
junction of two or more segments with unequal radii, the continuity of
current is generalized to Kirchoff's current law which states that the sum

of currents into the junction is assumed to distribute itself on individual

16
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wires according to the wire radii, neglecting local coupling effects. T.T.
Wu and R.W.P. King [9] have derived a condition that the linear charge

density on a wire at a junction, and hence §U/8s, is determined by

SXs) - Q

os s at junction  In (MZQ) -y
ka (2.38)

where a = wire radius, k = 2n/A, v = 0.5772 (Euler's constant), and Q is a
constant for all wires at the junction that relates the total charge in the

vicinity of the junction.

At a free wire end, the current may be assumed to go to zero. On a
wire of finite radius, however, the current can flow onto the end cap and
hence be nonzero at the wire end. Poggio [10] derived a condition which
relates the current at the wire end to the current derivative, and for a wire

of radius a, this condition is

_ (%) Iy(ka) 816)

k ‘;O(ka) 58 s at end (2.39)

I(s)

s at end

where Jp and J; are Bessel functions of order 0 and 1. The unit vector Nc is
normal to the end cap. Hence, ST is +1 if the reference direction, S, is

toward the end, and -1 if § is away from the end.



At this stage, two local conditions are obtained for both segments

junctions:
SI(s) _Q
68 gmgi.éi; En(}—zz;—)&/y
2 4 (2.40)
and for free ends:
Ij(sjig) _ *1 Ji(ka) oLi(s)
2 k Jo(ka) 3s |qoguld
2 (2.41)

.. + : . . . .
The two additional unknowns & and Qj are associated with the junctions

but can be eliminated by Kirchoff's current equation at each junction.

To apply these conditions, the current is expanded in a sum of basis
functions chosen so that they satisfy the local conditions on current and
charge in any linear combination. Referring to Figure 2.1, the portion of

the ith basis function on segment i is

f7(s) = AY + B{ sin k(s-sp) + C° cos k(s-s;), Is-5;] <

Over segments connected to left end of segment 1, the ith basis function is

fi(s) = Aj + Bj sin k(s-g)) + C; cos k(s-sy),

LA ,
]sus“<w5 =12, .. N (2.43)

18



19

j=1
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Figure 2.2 Current Filament Geometry for the Thin-Wire Kernel.



Over segments connected to right end of segment i, the i% basis function is

(5) = AT + B sin K59 + G cos o).

ssi<Sl j=1,2, . N

2 (2.44)

With the help of the local conditions defined in (2.40) and (2.41), together

with the two Kirchoff's current equations given by

N Al
> filsh) = (-2
fo 2 2

N* A A
PIRHE = (-2

j=1 (2.45)

the complete basis function is then defined in terms of one unknown
constant. In this case Al is set to -1 since the function amplitude is
arbitrary, being determined by the boundary condition equations. The
resulted coefficients can be found in Part I of [5] and hence will not be
repeated here. A condition worth mentioning is that when a segment end is
connected to a ground plane, the end condition on both the total current

and the last basis function is

"S%IJ(S) !s=sji%im0 =0

(2.46)

replacing the zero current condition at a free end. This condition does not
require a separate treatment, however, but is obtained by computing the
last basis function as if the last segment is connected to its image segment

on the other side of the surface.



With the current on each wire segment at hand, the solution then
requires the evaluation of the electric field at each segment due to this
current.  For most cases, the thin-wire approximation of the integral
equation kernel is used. The accuracy of the thin-wire approximation for
a wire of radius 2 and length A depends on the value of ka and A/a.
Studies have shown that the thin-wire approximation leads to errors of less

than 1% for A/a greater than 8 [11].

For the thin-wire kernel, the source current is approximated by a
filament on the segment axis while the observation point is on the surface
of the observation segment. The fields are evaluated with the source
segment on the axis of a local cylindrical-coordinate system as illustrated in

Figure 2.2.

The p and z components of the electric field at P due to the sine and

cosine currents are:

For
I=io( sin kz ),
cos kz' (2.47)
Ei(p.2) = 20 I G {kiz-z) | ¥ |
L2k - sin kz
+ }"(Z-Zr)z(l‘é"jkfo) _"l_} ( sin I{Z'I ) }EZQ ,
rg?) ' cos kz 7 (2.48)

£ _L, m cos kz'
Exp.z) = 5{5* 5@ G {k ( )

- sin kz'
(laikr Yo L ( sinkz2' {22
(1+jkro)(z-2") ro2 ( cos k7' ) }EZ] w (2.49)
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For a constant current of strength 1, |

o -
Ef0.2) = - 218 (1 4 jiag) Ge ™
A K olz (2.50)
. )
Ex(p,z) = - E—”—i— {[ (1 + jkry) (z-z") ;fG_GL
ook? o lz
+ K J{ G, dz'}
(2.51)
where
G, = M
ro =V p? + (z-2)’ (2.52)

The matrix equation (2.33) is then solved in NEC2 by Gauss
elimination method.



2.2.3 Calculation of Antenna Factor

With the knowledge of the unknown currents on a wire biconical
antenna, the usual parameters, such as input impedance, gain, and radiation
pattern can be obtained. Another very useful parameter, the antenna factor
(AF), is introduced as an index to the performance of the antennas being
examined in this study. An antenna factor is [12] "that factor that, when
properly applied to the reading of the measuring instrument, vields the
electric field strength in volts per meter or the magnetic field strength in
amperes per meter... This factor include the effects of antenna effective
length and mismatch and transmission line losses." Antenna factors are
widely used and are useful, for example, in situations where the magnitude
of the electric field strength IEl at a particular location in space is desired.
If an antenna placed at that location is connected to a measuring receiver
the mput voltage of which is V,, then the desired antenna factor is equal to
[E/V . The measurement of IEl can then be effected by forming the

product of the antenna factor and IV |,

Measurement wise, the options available for establishing accurate
antenna factors are somewhat limited. One recourse is to take advantage of
the antenna calibration services offered by the National Bureau of
Standards (NBS) [13]. The two calibration methods used by NBS are [14]:
the standard-antenna method (SAM) and the standard-field method (SFM).
The SAM uses a standard receiving antenna consisting of a self-resonant
half-wave dipole with a high-impedance balanced voltmeter build into the

center. The antenna is placed at a fixed height above ground in the far-
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field of a transmitting dipole. The transmitting power is set to a
convenient level and held constant while the magnitude of the field is
measured. The antenna being calibrated is substituted in place of the
standard antenna, and the antenna factor is calculated as the ratio of the
field to the received voltage. In the SFM, a predetermined value of field
strength is established at a given point in space by transmitting a known
amount of power with an antenna having a known gain at a specified
distance. The uncertainty of antenna factors calibrated by NBS is estimated
to be 1dB. A third method of calibration, called the standard-site method
(5SM), which requires neither the availability of a standard antenna nor the
generation of a standard field, was suggested by Smith [13]. The method is
based on site attenuation measurements made on a near-ideal, open-field
site. The implementation of the SSM requires only a spectrum analyzer
and tracking generator (or field-strength meter and signal generator) and

its accuracy depends on the quality of the measuring site.

Mathematically, the AF of a receiving antenna is defined as [4]

AF=E
Vi (2.53)

where E is the incident field strength at the antenna (assuming that the
polarization of the antenna is the same as that of the incoming wave), and
V' Is the voltage at the input of the measuring receiver. By considering the

transmission losses as negligible or at least easily accountable for
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separately, the AF can be expressed by the power at the receiver

<t
]
.

R, (2.54)

and the power at the receiving antenna

Pr= A, Sy (2.55)

where R, is the input resistance of the receiver, A, is the effective aperture
of the receiving antenna, and S, is the time-average power density of the

fncoming wave.

Since
A, = MGi(68,0) A’
4r (2.56)
Sav = "E“'“Z“
and Zo (2.57)
we obtain from (2.55)
p _MG(6,0) X E
=
470 7, (2.58)

where from transmission line theory

M=1-Lef o1 pP<y
inc (2.59)

o



is the impedance mismatch factor, indicating the fraction of received power
transmitted across the antenna-transmission line junction defined by its
voltage reflection coefficient p. And G(8,¢) is the power gain of the
antenna as a function of the angle of arrival of the energy, and Z, = 120x%

€2 is the Intrinsic impedance of free space.

From equations (2.54), (2.55), and (2.58), we get

22M  Zo
2V G6.0) R, M (2.60)

In decibels, with R, = 50 Q, equation (2.60) becomes

AF(dBm') = 19.7657 - 20 logh - M(dB) - G(dBi) (2.61)

where G; is taken at 8 = 90°, and ¢ = O in this study. Once the power gain
and mismatch factor are known, (2.61) can be used to obtain the antenna

factor.



2.3 MODELING WIRE BICONICAL ANTENNAS

A planar wire mode] of a finite biconical antenna is shown in Figure
2.3. Some characteristic parameters of the antenna include the flare angle
{(€y), the hat angle (61,), and the antenna half-length (A). By following the
structural modeling guideline of NEC2 and utilizing the image theory, the
antenna can be modeled as shown in Figure 2.4. Two source segments are
inserted between the antenna and ground, since sources are represented as
wire segments in NEC2. Obviously, the model is not unique as many other
source configurations are possible. Some of the parameters used in the
wire model are quite arbitrary, an example of this being the wire radius
(2). In [2], Smith and Butler used the wire diameter of 0.695 electrical
degrees at 600 MHz which means a approximately equals 0.5 mm. Figure
2.5 shows good agreement between the calculated input impedance obtained
from NEC2 and the measured ones from [2] for a wire biconical antenna

with a=0.5 mm, 9=60°, 6,=180".

In order to investigate the effects of changing wire radius on the
impedance characteristics of a wire biconical antenna, the input impedance
of an antenna with 8=60°, 6;,=180°, and different values of a is plotted in
Figure 2.6. From the figure, it can be seen that changing the wire radius
has significant effect on the antenna's input impedance at antiresonant

frequencies.

A body-of-revolution (or 3D) model of a finite biconical antenna is
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Figure 2.3 Typical Configuration of a Finite Wire Biconical Antenna
(Antenna is in the y-z Plane).

A - antenna half-length

a - wire radius

8; - flare angle

&, - hat angle

x-y plane is perfect ground

y

Figure 2.4 Planar Wire Model of the Finite Biconical Antenna.
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shown in Figure 2.7. The structure is formed by intersecting N planar
wire antenna with equal angular spacing. As the number of wire elements
(N) becomes very large, the radiating surface approaches that of a solid
biconical antenna. Hence, the characteristics of such a wire-segmented
structure should approximate those of the equivalent body-of-revelution
structure. By means of calculation, Smith and Butler [2] found that if N>8,
then such low-mass structure can be employed, with confidence, to predict
the broadband performance of the solid antenna. Following this rule of
thumb, the input impedance of a 3D wire biconical antenna with N=8§,
8/=30°, 6,=180", and a=0.5 mm is obtained from NEC2. The computed
results are then compared to the measured ones from [3] for a solid antenna
(Figure 2.8). Undoubtedly, good agreement between the two results is
observed. The characteristics of the biconical models are, however,
sensitive to wire radius changes. As an example, Figure 2.9 shows good
agreement between the input impedances calculated by the NEC2 and those
measured from [3] for a wire model with =60, 8,=180°, and a wire

radius of 3 mm.

Besides its ability to predict the input impedance of a wire biconical
antenna, the NEC2 can also be used to obtain the antenna's radiation
pattern. In fact, the radiation pattern is usually the more accurate
characteristic to compute compared with the input impedance, since
accurate impedance calculation requires that careful attention be paid to the
model in the immediate vicinity of the source, whereas the radiation

pattern can be obtained with a much coarser geometry. Figures 2.10 and
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Planar Element

Figure 2.7 Body of Revolution Model of the Finite Wire Biconical
Antenna,

2.11 depict the computed electric field (normalized Eg component)
patterns, for antenna half-lengths (A) from 60 to 270 electrical degrees, of
3D (N=8) wire biconical antennas with 84=30" and 60° respectively.
Similar curves corresponding to a solid antenna have been obtained by
means of measurement in {3]. When the computed results are compared
with the measured ones, it is found that the agreement between the two is
good for half-lengths of up to 180°. Above A=180°, the computed results
are distinctly different from the measured ones. This is due to the
increasing distance between adjacent wires of the diverging wire model in

comparison to wavelengths,

32



33

]

& :
=
o 4 ¥ VAR 2
O . X %%’
- -/ f '
%3 -100 — e
D /
Q_ | [
£ [
.4.:_; 200 —- fr’ e AT UREE SRR NS SR S
oN !
£ 1
P ‘
I Resistance from NEC2
SR j | R Reactance from NEC2
: ; | _: + Resistance from [3]
: : : : X Reactance from [3]
"400 i T f T i T i E 1 I E F t 4 i I I ] 1 E t i l ]
0 30 60 90 120 150 180 210 240 270

A (in electrical degrees)

Figure 2.8 Computed and Measured Values of the Input Impedance of
an Eight-Element Conical Monopole with 8¢ = 30° and a = 0.5 mm.



34

450 — : ....... S rReSistarncefroml NECD
. : 5 A B Reactance from NEC2
o ; ; § : + Resistance from [3]
P ; X Reactance from [3]
-200 I [ T ! T i — l LA I B I R B B s S
120 150 180 210 240 270

0 30 60 90
A (in electrical degrees)

Figure 2.9 Computed and Measured Values of the Input Impedance of
an Eight-Element Conical Monopole with 6; = 60° and a = 3 mm.



Relative Field Strengih

— Sompuisd ests from NEG2
: + Moasured results bom 3]
0 7 i T E T T T T )
0 iD 20 a0 40 50 &80 70 80 a0
Theta
1....._._. ..............................
08— A=120° i RO PPN 50" POT P
r B
T :
o .
@ :
ao.s_ ........................... ..............................
- :
il — :
i :
20.4__. ........................... R R REETARESRERY
& :
= -
o
D2....._.. [ N R R R T
— Comgeited reeuits from NECZ
+ : + Mogoir e roeuttn from {3
o Y ; f ] I I Y T Y
o 20 30 40 50 60 Y0 BO QO
Thea
1--»..... ........... o e e
: : ; 4
08— A= 180" i i ] AR
5 : :
o — . : :
c . ' :
e : : :
& . A
n : : :
[} — : : ;
i : : :
k] : : ;
o — . : "t
T : : :
0.2 e .......... + .........
. +
— . : Computed resutts from NEC2
+ N + Waasized results from {3}
¢ L LI T 0 I T O
] 0 20 30 40 80 A0 70 BQ 80

FRelative Fleld Strength

— AT ——m Comguiedd rosults from NECZ
. : + Measired recuits Fom 13

0 L I A T T B
O %0 20 36 40 50 60 70 8G90

Thela
§ e e e .
1 i : : : : ;
- . H : : : i
08— A =240 A [IOUR N
= + : B . 4
iy ] : : : N
/ ST
50_8..__ ............... froo T
© t
© — :
Tl :
04—
ks
T _
o
— ————— Computed resitts kom NECZ
: : + Msaswzad recult bom {3}
0 T B Rt B I D B B

0 W2 30 40 B0 &0 YO 8¢ 80

08—

H

g
[er}
|

i

=
=
|

!

Relative Field Strength

0.2 —

— F B Computed resitts from NEC2
; : : w Measared resutts from (3}
o N A A B A B R D
0 6 20 30 40 50 60 70 B8O SO0
Theta

Figure 2.10 Comparison Between Computed and Measured Field
Patterns (normalized Ey Component) of a Biconical Antenna with Flare
Angle of 30° and Antenna Half Lengths from 60° to 270°.

35



Relatlve Flotd Strength

08—

0.2 —

R " Comgated recuits from NECE
+ Measuod rosult fom 3]

o Iiiiill!ifill[iil

o3 10 20 40 50 B0 7C 8D @0
Theta

. ; y
08— - A=120 B I P
=
=) -
&
50‘6.~. ................
o
5 -
[
204
B
[+53 —_—
T
0»2__. .............................................................

— Comes results from NECZ

: : + Meatured ratdts bom §5]
SO L L L L e
0 10 20 3G 40 S0 &0 70 80 80
Thaeta

Helatlve Fiald Strength

R Computed raguits rom NECZ
+ Meosured rociis fom 3]

0 i;l;illllii]l}lil

40 B9
Thetg

60 70 B0 @0

§ | ;
0.8 — A =210 e e el e
= : : : *
=) - . . : : : :
I~ . : . :
@ : : . : :
50_5_,_ ....... P R SO TN RELEREE 'i' ...........................
o : . : + :
k] — : + :
w ST
gold‘.._ ....... e
kS VAR
= — : .
= ; ;
02— f + .........

- : e Computed teuits rom NECZ

: : o+ Mewodrmmkmfs}
0 I L L L L R T
¢ 16 20 30 40 s5  en Y0 B0 g0
Thetz

Relative Field Strength

e Computed resuits fom NEG2
: : + Measizod raeuis kom [3)
o : :
f i I J | i 1 i | i 1 f 1 i 1 i ]
4 10 20 30 40 50 60 70 80 S0
Theta
1 . B i T )
: + : : : : .
] 1 T N
OB — - i, L A S + ...... ....... + .............
= + : + :
2 / ?
e
60'8—“ ...............................
=)
£ : : : : :
25'4__ ,,,,, 7 ...... ...... e T A=270
a f ! : : :
o . : : : : . .
i
02._ .........
—d Lt i Computed rsuits fom NECT
: : + Meeaized rocuds fom {3
0 T T '
0 10 20 30 4p 50 60 70 80 go
Theta

Figure 2.11 Comparison Between Computed and Measured Field
Patterns (normalized By Component) of a Biconical Antenna with Flare
Angle of 60° and Antenna Half Lengths from 60° to 270°.



CHAPTER III

PERFORMANCE OF WIRE BICONICAL ANTENNAS

3.1 INTRODUCTION

The characteristics of wire biconical antennas have been investigated
by a number of authors in various publications. This chapter attempts to
compliment those existing studies by analyzing wire biconical antennas in a
systematic approach. The effects of hat and flare angle changes on the
antenna characteristics will first be studied for both the planar and the
body-of-revolution cases. This is achieved by computing and comparing
the radiation patterns and input impedances of the wire biconical antennas
with various flare and hat angles. Besides these usual parameters, the
antenna factor described in section 2.2.3 is also used to evaluate the
antennas being examined. The antenna factors of the various antennas are
computed and the results are used to compare the performances of the
antennas. Finally, the antenna with corner reflector system will be
examined. Namely, all the aforementioned characteristics of a wire
biconical antenna with 8=60°, 6,=120°, and A=25 cm is compared with the
characteristics of the same antenna put in front of a corner reflector with a

height of 75 cm and an apex angle of 45°.
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3.2 PLANAR MODEL

The far field E, component of bowtie antennas with 8¢= 30° and 60°

as a function of the zenith angle 6 at ¢ = 90° for various frequencies are
computed using the NEC2 and the results are plotted in Figures 3.1 and
3.2. For the ¢ = 0° plane, the patterns are essentially the same at low
frequencies as shown in Figures 3.3 and 3.4. However, at high
frequencies, differences in side lobe structures for the two planes appear
due to the structural differences evident in the two planes. To illustrate the
effects of flare angle (61) variation on the radiation pattern, the far field
patterns of bowtie antennas with 8¢ = 15° to 75° in 15° increment at
frequencies of 200 MHz and 700 MHz for the ¢ = 90° and O° planes are
plotted in Figures 3.5 and 3.6 respectively. It is noted that despite a change
in absolute field strength, the structure of the radiation patterns appears
similar for all flare angles. Similar observations are concluded for a
change in hat angle as shown in Figure 3.7 and 3.8 where the far field
patterns of bowtie antennas with 6¢= 45° and hat angles of 8, = 180° to
120° in 15° decrements at frequencies of 200 MHz and 700 MHz for the ¢
= 90° and O planes are plotted, respectively. It should be noted that for all
angle variations, the antenna half length (A) and the wire radius (a) of the

antennas remain the same,
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The effect of flare angle variation on the impedance characteristics
of a bowtie antenna above ground is studied using the NEC2. For
frequencies varying from 40 MHz to 900 MHz and flare angles ranging
from 15° to 75% in 157 increments, the input impedance of a bowtie antenna
is shown in Figure 3.9. As expected, the results obtained are similar to
those in [2] with corresponding flare angles. The effects of hat angle
variation can be seen in Figures 3,10 where a bowtie antenna with 8¢ = 45°
is subjected to hat angle change of 8, = 180° to 120° in 15° decrements.
Apparently, decreasing the hat angle while keeping the flare angle
unchanged has similar effects on the input impedance as increasing the flare

angle while keeping the hat angle unchanged.

From the power gain and the mismatch factor (as specified in section
2.2.3) of the antenna, the antenna factor of wire antennas with different
flare and hat angles are computed. Figure 3.11 shows all three values for a
bowtie antenna with flare angle of 30° at frequencies from 40 MHz to 900
MHz. As shown in the figure, the increase in antenna factor is caused by
the drop in power gain. To compare their performances, the antenna
factors of bowtie antennas with flare angles of 15° to 75° in 157 increments
are plotted in Figure 3.12, while the antenna factors of bowtie antennas
with flare angle of 45° and hat angles of 180° to 120° in 15° decrements are
shown in Figure 3.13. As discussed in section 2.2.3., for a receiving
antenna, the lower the antenna factor means the better the receptive power.
With that in mind, it is not hard to recognize that some flare and hat angle

combinations perform better than others at selected frequencies.
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3.3 BODY-OF-REVOLUTION MODEL

The body-of-revolution model of the wire biconical antenna, or the
phantom antenna as it is sometimes referred to, is widely used in
commercial applications. Figures 3.14 and 3.15 shows, respectively, the
far field (Eg) radiation patterns of such an antenna with conical angles (8¢)
of 30" and 60° and hat angle (8y) of 180° as a function of zenith angle @ for
various frequencies. When the flare angle is changed from 30° to 60° in
107 steps, the change in radiation pattern is shown in Figure 3.16 for
frequencies of 200 and 700 MHz. Since the antenna is symmetrical about
the z-axis, the patterns are the same for the ¢ = 90° and ¢ = 0° planes. The
far field patterns of biconical antennas with conical angle of 60° and hat
angle of 180" to 120° in 20° decrements for 200 and 700 MHz are plotted
in Figure 3.17,

The broadband characteristics of biconical antennas are demonstrated
in Figure 3.18 where the input impedances of biconical antennas with
conical angles of 30° to 60° in 10° steps and hat angle of 180° are plotted
for 40 to 900 MHz. When the hat angle is changed from 180° to 120° in

20" decrements, the input impedances change as shown in Figure 3.19.

For frequencies ranging from 40 MHz to 900 MHz, the antenna
tactors of biconical antennas with 8;,= 30 to 60° in 10° increments and
Er=180" are calculated and the results shown in Figure 3.20. As seen in the
figure, a change in conical angle has very little effect on the antenna factor

curve. For conical angle of 8=60°, antenna factor curves are plotted for



hat angles of 180° to 120° in 20° decrements in Figure 3.21. Again,
minimal change in antenna factor is observed when the hat angle is

changed, especially at high frequencies.
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3.4 ANTENNA AND CORNER REFLECTOR SYSTEM

Biconical antennas are sometimes used as feed elements for corner
reflectors to form broadband reflector antennas. The corner reflector
collimates the energy of a biconical antenna in the forward direction where
it is sometimes needed most. Because of its light-weight and low wind-
resistant construction, the surfaces of the corner reflector are frequently
made of grid-wires rather than solid sheet metal. For wires that are
parallel to the length of the feed element, as in the case shown in Figure
3.22, the reflectivity of the grid-wire surface is as good as that of a solid
surface. In this study, the height of the reflector is taken as 75 cm and the
included angle as 45°. A side length of 35 c¢m is used and the antenna-to-

corner spacing is taken as about 32 cm.

The far field (Eg) patterns of the planar bowtie and corner reflector
system shown in Figure 3.22 is compared with the pattern of the bowtie
alone for both the ¢ = 90° and ¢ = O° planes. In Figures 3.23 and 3.24,
respectively, the collimation of energy in the forward direction is clearly

shown.(see Figures C-1 and C-2 in Appendix C). The effect of the

coupling between the corner reflector and the biconical feed is evident in

Figure 3.25 where the input impedance of the reflector antenna is shown.
The input impedance of the reflector antenna peaks to almost four times the
value of the biconical antenna at around 400 MHz. The antenna factor is
also computed for the reflector antenna and the result is shown in Figure
3.26 along with the antenna factor of the biconical antenna. From the

figure, we can see that the change in antenna factor is very moderate,
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indicating that the antenna factor is insensitive to input impedance chan ges.

When the planar bowtie is replaced by a body-of-revolution
biconical antenna with the same flare and hat angle, the system shown in
Figures 3.27 is formed. The far field pattern of this reflector antenna is
again computed and the results are shown in Figure 3.28 and 3.29 for the
$=90" and ¢=0° planes respectively (see Figures C-3 and C-4 in Appendix
C). The input impedance and antenna factor of the reflector antenna are
also obtained. Figure 3.30 shows the input impedance of the reflector
antenna as compared with the biconical antenna. The input impedance of
the reflector antenna follows very closely to that of the biconical antenna
except at around 400 MHz where a "jump" occurs. The antenna factor of
the reflector antenna is shown in Figure 3.31. From the figure, it can be
seen that, antenna factor wise, the reflector antenna is frequency
independent from 200 to 600 MHz. In order to further investigate this
broadband phenomena, two modifications of the corner reflector as shown
in Figure 3.32 have been adopted. The antenna factor curves of the
modified reflector antennas are shown in Figure 3.33. It is noticed that by
changing the side length of the corner reflector, still better antenna factor
characteristics can be achieved. This suggests that an optimal corner

reflector side length exists for our model and is between 23 and 35 cm.




Body-of-Revolution (N=8)
Biconical Antenna

View B

X x-y plane is perfect ground
View A
— (0,3233 m
&
|
0.1339 m
o
X

View C

{Not to Scale)

Figure 3.27 Body-of-Revolution Wire Biconical Antenna and Corner
Reflector Configuration.

70



Without Corner Reliector
With Corner Refleciar
Frequency = 200 MHz

Without Corner Reflector
With Corner Reflecior
Frequency = 700 MHz

Without Corner Refieclor
wiith Corner Reflector
Freguency = 400 MHz

l

180

l

180

R
1

“iEledhric Yield Siréngph

Withaut Corner Refiectar
With Corner Reliector
Fraguency = 800 MKz

Withou! Corner Rellector
With Corner Reflector
Frequency = 800 MHz

Without Corner Reflector
Wiith Corner Reilecior
Frequency = 800 MKz

J

180G

!
T80

Figure 3.28 Far Electric Field (Eg) Patterns of a Body-of-Revolution
Wire Biconical Antenna with 8=60° and 6y,=120° With and Without Comer
Reflector as a Function of Zenith Angle 6 for the $=90" Plane.



Without Corner Reillegior
With Corner Retlector
Frequancy = 200 Mz

60—+ A

l

1B0

c

\

i
. "F——E

0.8

leld Strengph

N '?El'ech_'i'é

Without Corner Refiecior
With Corner Reflector
Freguency = 400 Mz

0
|

|
180

2.

Without Corner Refleclor
With Corner Rellector
Frequency = 500 MHz

Figure 3.29 Far Electric Field (Eg) Patterns of a Body-of-Revolution
Wire Biconical Antenna with 8=60° and 0,=120° With and Without Corner

B0

T Without Carner Retlesior
—————— With Corner Rellector
Frequency = 700 MHz

!

180

[w7)

I

T
U Elecyic Field
_

1

1

|
fat
eld Strény

A
3
B
|
(523

e Without Corner Rellector
—————— With Carner Retlector
Freguency = 800 MHz

180

“IETECHS Field Strength

80

Without Coraer Retiecior
—————— With Carner Reflecior
Frequency = 800 #MHz

!

180

Reflector as a Function of Zenith Angle 9 for the ¢=0" Plane.




Reactance (ochms)

Figure 3.30 Input Impedance Curves of a Body-of-Revolution Wire
Biconical Antenna with 8=60° and 6,=120° With and Without Corner

e Wt Sorner Heflector
A A With Corner Rellectior

I S I T S E A S I A

! | H ¢ i : i
o 100 200 300 400 500 600 700 800 900

Frequency (MHz)

Without Corner Refiecior
With Corner Reflector

e R
=

S S

1 [ T i I i T | i

, i i
100 200 300 400 500 600 700 800 500

Frequency (MHz)

Reflector.

73



; : : Without Comer Reflector
| - With Corner Reflector

Antenna Factor (dB/m)

Wt —
O 100 200 300 400 500 600 700 800 900
Frequency (MHz)

Figure 3.31 Antenna Factor Curves of a Body-of-Revolution Wire
Biconical Antenna with 8;=60° and 8;=120° With and Without Corner
Reflector.

74



75

~ 02604 m

0.0116m S\

+ Fi
00893 m _S\\{//

e
X

(b)

Figure 3.32 Configuration of Body-of-Revolution Wire Biconical
Antenna with Corner Reflector of: (a) Side Length = 29.2 cm; and
{(b) Side Length = 23.3 cm.



2
o

Antenna Factor (dB/m)
A
o

|

1

76

Side Length = 35 cm
Side Length =29.2cm | o
Side Length = 23.3 em

0

100 200 300 400 500 600 700 800 900
Frequency (MHz)

Figure 3.33 Antenna Factor Curves of a Body-of-Revolution Wire
Biconical Antenna with 8=60°, 8,=120°, and Corner Reflectors of

Different Side Lengths.



CHAPTER IV

OPTIMIZATION OF WIRE BICONICAL ANTENNAS

4.1 INTRODUCTION

The main idea behind the development of wire biconical antennas is
to construct a mechanically realistic antenna which retains as much of the
desired electrical features of a solid or shell biconical structure as possible.
So far, from the results presented in the previous chapter, we can see that
the body-of-revolution model of the wire biconical antenna is quite
satisfactory in such domain. However, the planar model of the biconical
antenna, while possessing all the mechanical advantages, lacks the desired
electrical features of a broadband antenna. It is, consequently, the purpose
of this chapter to attempt to enhance the electrical characteristics of a
planar wire biconical antenna without sacrificing its mechanical
supremacy. Section 4.2 discusses some of the preliminary optimization
efforts. Since biconical antennas made out of sheet metals performs better
than the wire frame ones, the idea behind section 4.2.1 is to simulate a
sheet metal with the addition of a few wire fragments inside the wire
frame. Another improvement in the optimized model in section 4.2.1 is
the addition of resistive loads to the junction of the wire fragments in the
middle of the antenna. This option is explored in section 4.2.2 where

various resistive loads are imposed onto the antenna. Optimization is also
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sought by a change in antenna shape. In section 4.3, the original wire
biconical antenna is changed into a "double-bicone" by offsetting the source
segments. The change in feed position change the antenna's characteristics
and moderate improvement is achieved at selected frequencies. The use of
parasitic elements also changes the performance of a wire antenna and this
1s shown in section 4.3.2. Finally, in section 4.4, the biconical antenna with
sleeve set-up i1s examined and is found to be most useful in the optimization

of the wire antenna.
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4.2 PRELIMINARY OPTIMIZATION METHODS

4.2.1 Biconical Antenna with Cross

Planar wire biconical antennas are quite narrow-band when
compared with sheet biconical antennas. However, in applications where
both low wind resistance and light-weight is required, wire biconical
antennas are still preferred. It is, therefore, feasible to simulate a sheet
biconical antenna with wire segments. Although wire grid modeling
methods can be used for the purpose, this study will not deal with specific
grid size or wire spacing that revolves around grid modeling but instead
uses a more intuitive approach. The modified antenna is basically a planar
wire biconical antenna with five extra wire fragments forming a "cross"
inside. Since two source segments have been used in the modeling, it takes
five wire elements to interconnect the inner portion of the antenna. The
additional wires has the same radius ( i.e., 0.5 mm} as the original antenna
structure which has the same source arrangement as before. This modified
antenna is shown in Figure 4.1. In this study, the electrical properties of a
planar wire bicone with cross (BWC) antenna identified by, respectively,
flare and hat angle of 60° and 120° is compared to that of the original

antenna.

Figure 4.2 and 4.3 depict the far field patterns of the antenna as a

function of zenith angle € for the 6 = 90° and ¢ = 0° planes at different
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frequencies, respectively. It is observed that the added segments cause a

change in pattern especially at intermediate frequencies.

The impedance characteristics of the BWC antenna are shown in
Figure 4.4. From the figure, we can see that the variation in impedance
has decreased, and a better maich to the source is obtained. With a better
match, the mismatch factor of the antenna is improved as shown in Figure
4.5. The discontinuity in the impedance curve at around 750 MHz is
caused by the current reflected from the center junction of the antenna
which forms a standing wave. This situation can be remedied by loading

the junction with resistive loadings as suggested in the next section.

Optimization can be seen in Figure 4.5 where the power gain and the
mismatch factor of the BWC antenna are compared with the original planar
bicone. The change in power gain is quite significant considered the
temperate change that we have incorporated. As aforementioned, the BWC
antenna matches better to the source and hence caused lower mismatch
losses than the original bowtie antenna. The change in power gain and
mismatch factor decreases the antenna factor of the BWC antenna as shown
in Figure 4.6. It is noted that the antenna factor of the BWC antenna is
significantly better than the original antenna especially in the high

frequency end.
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Figure 4.5 Power Gain and Mismatch Factor Curves of a BWC Antenna

S e oot St o o o o oy o e B

B T

Power Gain of Origina Antenn

Power Gain of the BWC Antenna

* Mismatch Factor of Original Antenna
Mismatch Factor of the BWC Antenna

0

t

P
100 200 300 400

Frequency (MHz)

1 | 1

700 800 900

with 8=60° and 6,=120" Compared with those of the Original Bowtie

Antenna.

85




Original Anienna |,
I R The BWC Antenna

N
U

Antenna Factor (dB/m)
()]
(o

?O[ T ; T | T ! T a r ; : ‘_I ] :
; I I I T [

O 100 200 300 400 500 600 700 800 900
Frequency (MHz) -

Figure 4.6 Antenna Factor Curve of a BWC Antenna with 8;=60° and
6,=120" Compared with that of the Original Bowtie Antenna.

86



4.2.2 Biconical Antenna with Cross and Resistive Loadings

The performance of the BWC antenna in section 4.2.1 can be further
improved by adding impedance loadings to the middle junction (see Figure
4.7). The loading is added to modify the current distribution of the
antenna in such a way that reflections from the junction can be lessened.
With the decrease in reflections, the discontinuities in the characteristics of
the antenna will hopefully be reduced. Generally, there are four loading
schemes for wire antennas (see Table 4.1). Each of the four loading
schemes has its own success story in term of optimization [15]. In this
study, the series concentrated (or lumped) loading scheme is adapted, and
among the choices of resistive, inductive, capacitive, or hybrid loadings,
purely resistive Joadings are used because of their frequency-independent

nature.

The far field radiation patterns, as a function of zenith angle 6, of a
BWC antenna with resistive loadings valued at 25 Q, 50 Q, and 75 Q for
the ¢ = 90" and ¢ = 0° planes are shown in Figure 4.8 and 4.9 respectively.
From the figure, we can see that the patterns are relatively constant at low
frequencies. At frequencies above 700 MHz, however, the patterns change
with the value of loadings. The change in power gain at 8=90°, and ¢=0°
is shown in Figure 4.10. The power gain of the loaded antenna decreases

as the value of the resistive loadings is increased.

The impedance characteristics of the loaded structure are shown in
Figure 4.11 in comparison with those of the unioaded BWC antenna. The

figure shows that the discontinuity at around 750 MHz shrinks as the value
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of the loadings at the junction is increased. Without the discontinuity, the
impedance of the antenna is better matched to the 50 O source and the

mismaich factor of the antenna improves as shown in Figure 4,12,

The effects of varying the value of the resistive loadings on the BWC
antenna is summed up in Figure 4.13 where the antenna factors of the
loaded antennas are shown. It is found that the addition of loadings
improves the antenna factor of the BWC antenna at around 750 MHz,
However, there is no remarkable change in the overall performance of the
antenna. Also, since the addition of resistive loadings reduces the
efficiency of the antenna, this particular method of optimization is not

always justifiable.

Table 4.1 Loading Schemes for Wire Antennas.

Loading Scheme Current Distribution Example
Series Distributed The current in wire segments is associated with a An antenna mads from a
Loading continuous distribution of {locally} axial electric resistive rod,

field which is 2 function of the current intensity at
the point of the segment considered.

Series The voitage between two close points along a An electrically smali coil
Concentrated, or segment is a function of the current between these inserted betweem two
Lumped Loading two poirts and remains finite if (theoretically) the antenna segments,

tWwo points become infinitely close,

Shunt Distributed Distributed curren: exists along the segment An astennz with a thin

Loading perpendicular to the local segment axis and is 2 protective dielectric coating
function of the local radia! electric field, aver the wire,

Concentrated The above effects is localised to a very small part An antenna with a thin

(Lumped) Shunt of a segment, but results in a finite radial current, metallic disc mounted on

Leading

the wire perpendicular 1o
its axis.
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Figure 4.7 Loading Scheme of a BWC Antenna with 6=60° and 6,=120°.
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4.3 OPTIMIZATION BY MODIFICATION OF ANTENNA SHAPE

4.3.1 Double-Biconical Antenna

The double-biconical antenna shown in Figure 4.14 can be thought of
as a bowtie antenna with offset feed. By feeding the planar biconical
antenna at a location other than its base, an extra freedom is created. When
the source is elevated, the bottom portion of the antenna is made into an
mverted biconical structure with the same flare angle as the top portion
(hence the name "double-biconical antenna"). The change in feed location
would change the current distribution which would in turn change the
electrical properties of the antenna. In this study, the analysis of double-
biconical antennas with source height from 0.025 to 0.150 m in 0.025 m
increments, 8=60", and 6,=180" is done using the NEC2. It should be
noted that the size, flare and hat angle of the antenna remains constant for

different source heights.

If the source segments are elevated, the change in radiation patterns

can be observed in Figures 4.15 and 4.16 where the far electric field (Eg)
patterns, at both the ¢=90" and ¢=0" plane, of double-biconical antennas
with flare and hat angle of 60° and 180° is compared with that of the
original bowtie. The change in pattern is especially obvious at higher
frequencies. This change in pattern affects the power gain of the antenna
in a way as shown in Figure 4.17 where the power gain of double-biconical
antennas with different source heights are compared with that of the
original bowtie. From the figure, it can be seen that the drop in power

gain happens at higher frequencies for double-biconical antennas. As the

9]
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height of the source segments is increased, the frequency at which the drop
occurs increases. After 0.125m, however, an increase in source height

would cause the drop in power gain to occur at a lower frequency.

The impedance characteristics of double-biconical antennas with
flare and hat angle of 60° and 180° and various source heights are
compared with that of the original bowtie in Figure 4.18. The shift in
antiresonant frequencies are gradual and towards the high frequency end
for source height of up to 0.125 m. Raising the source segments beyond
0.125 m would cause the antiresonant frequencies to shift in the opposite
direction. We can see the effects the feed position has on the mismatch
factor from Figure 4.19, where the mismatch factors of double-biconical
antennas with various source heights are compared with that of the original

bowtie.

The antenna factor curves of double-biconical antennas with
different source heights are shown in Figure 4.20 where the antenna factor
of the original bowtie antenna is also shown for comparison. As the height
of the source segments is increased, so does the bandwidth of the antenna
factor. This phenomenon continues until the source segments are elevated
towards the mid-point of the wire structure. At this point, raising the
source any higher would cause the antenna factor curve to deteriorate and

hence dampens the overall performance of the antenna.
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4.3.7 Biconical Antenna with Parasitic Flements

Parasitic elements are very useful in situations where, for example,
an antenna is needed to match its feed at two or more arbitrary, relatively
close frequencies. Popovic et al [15] have, in fact, studied the use of
parasitic elements on saguaro-cactus like antennas with two and three
branches using the length of the elements as the antenna's optimization
parameter. In this study, the effect of superimposing parasitic elements on
a planar wire biconical antenna is examined using the model shown in
Figure 4.21. Besides the length of the parasitic elements, the angle which
they made with the horizontal plane is also used as a parameter. The
parasitic elements on both sides of the antenna is symmetrical in
construction to preserve the symmetrical nature of the antenna in the y-z
plane. Both the length of the parasitic element and the angle they made
with the horizontal plane are varied to examine their influence on the

electrical properties of the planar antenna.

The study begins with the length of the parasitic elements fixed at
about 0.14 m. The planar wire biconical antenna used has a flare and hat
angle of 60" and 180°, respectively. The angle ¢ is then varied from 0°
(L.e., with the parasitic elements parallel to the ground plane) to 20° in 5°
increments. In the second part of the study, the same biconical antenna is
used but with the angle o fixed at 10° and the length of the parasitic
elements varied from 0.10 m to 0.18 m in 0.02 m increments. The change
in antenna factor characteristics is tabulated in Figure 4.22 and 4.23 for the
two cases respectively. From the figures, it can be concluded that, for the

selected parameters, the addition of parasitic elements in the form shown in
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Figure 4.21 does not contributed to the improvement of the antenna

factor's bandwidth performance.

é Hat Angle = 180°
A=25cm
Angle BN
from ground
plane I Length
| g S ol{ parasitic
5 elements
¥ .0.00:: m { N .
x-y plane is perfect ground 0 y

Figure 4.21 Configuration of a Planar Wire Biconical Antenna with
Parasitic Elements,
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4.4  BICONICAL ANTENNA WITH SLEEVE

The idea in section 4.3.2 is modified to form the antenna with sleeve
setup in Figure 4.24.

bz
é Hat Angle = 180°
i
A =25¢m
' Length
: of sleeve !
L 0.005m | j
x-y plane is perfect ground 0 i y

Distance of sleeve
from antenna axis

Figure 4.24 Planar Wire Biconical Antenna with Sleeve.
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The addition of two parasitic elements at a small distance from and
parallel to a cylindrical monopole antenna near resonance has been known
to produce a relatively good broadband antenna. The same setup has not,
nowever, been considered for wire biconical antennas. Referring to the
power gain curve in Figure 4.25, it is observed that the drop in power gain
for a bowtie antenna with 84=60" is quite severe at 570 MHz where the
antenna factor is seen to peak accordingly. The drop in power gain is
caused by the "break-up" of the major lobe in the radiation pattern into
minor lobes. This phenomenon is also responsible for the deterioration of
the antenna factor around the "break-up" frequency. If the addition of
parasitic elements corresponding to that particular frequency could channel
enough power to, at the very least, "delay” the "break-up" of the major
lobe, then the bandwidth of the antenna would be increased. The
optimization parameters in this case are the length of the parasitic elements

(i.e., the sleeve) and their distance from the antenna axis.

In the first part of the study, the length of the sleeve is varied from

0.11 to 0.15 m in 0.01 m steps. Figure 4.26 and 4.27 shows the radiation

patterns of the bowtie antenna in Figure 4.24 with different sleeve lengths
for the 0=90" and 0° planes, respectively. The effect on the power gain of
the antenna is shown in Figure 4.28. From the figure, it can be seen that
the drop in power gain is less severe for the antenna with sleeve
configuration. The impedance characteristics of the antenna with different
sleeve lengths is shown in Figure 4.29. Under such impedance values, the
match to a 50 transmission line is shown in Figure 4.30. The
performance of the antennas are compared in Figure 4.31 where the

antenna factor of the antenna with sleeve configuration is plotted along-side
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that of the original antenna. It is observed that the optimal length of the
sieeve is about (.13 m which is slightly larger than half the length of the

biconical wire structure.

The second part of the study examines the correlation between the
distance of the sleeve from the antenna axis and the overall characteristics
of the antenna. In this part of the study, the sleeve is moved in 0.05 m
steps from 0.10 m to 0.25 m away from the antenna axis. The change in
far field patterns can be observed in Figure 4.32 and 4.33 where the far
electric (Eg) field patterns of antennas with various sleeve locations are
compared with those of the bowtie antenna for both the ¢$=90° and 0°
planes. Similar to the previous results, the drop in power gain reduces
with the addition of the sleeve and when the sleeve is moved away from the
antenna axis, the change in power gain is shown in Figure 4.34. The
impedance characteristics of the antenna with sleeve is shown in Figure
4.35 for different sleeve distances. From the impedance characteristics, the
mismatch factor of the antenna can be calculated as shown in Figure 4.36.
At this point, the change in antenna factor for all the various sleeve
locations is tabulated and shown in Figure 4.37. It was observed that
optimal distance within which the sleeve should be placed is about 0.15 m

from the antenna axis.
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CHAPTER V

CONCLUSIONS

The performance and optimization of wire biconical antennas at low
frequencies has been examined using the NEC2. The need for wire
biconical antennas arises in cases where the solid or shell biconical antennas
are too massive to be used in practical applications. In the NEC?2, the
current on a wire antenna is obtained through the EFIE and the use of the
method of moments. By establishing an appropriate antenna model for the
numerical analysis, the information that characterizes the frequency
response of a wire biconical antenna can be accurately predicted. A
comparison with the published results of other researches has made to
demonstrate the validity of the antenna models used in the study. The
performance of a simple wire biconical structure is examined for different
hat and flare angles. The results indicated that while the electrical
properties of the body-of-revolution wire biconical model approximate
those of the shell or solid structure, the planar wire model's frequency
characteristics are not as admirable. Hence, efforts have been made to

optimize the performance of the planar wire biconical antennas.

In the NEC2, the current on a thin wire structure of small or
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vanishing conductor volume is formulated in terms of the EFIE. The
formulation is derived for the surface current J; with the observation point
R restricted to be off the surface S, so that R#R'. The EFIE is then solved
numerically in the NEC2 by a form of the method of moments. The choice
of basis and weighting functions are different with the weighting functions
being chosen as a set of delta functions and the basis functions being
represented by the sum of a constant, a sine term |, and a cosine term. The
current and the electric field on each segment is then calculated and the
matrix equation is eventually solved by Gauss elimination method. With
the knowledge of the unknown currents on a wire biconical antenna, the
usual parameters, such as input impedance, gain, and radiation patterns can
be obtained. Besides these parameters, the AF is also used to evaluate the
performance of the antenna under examination. Mathematically, the AF of
a receiving antenna is defined as a ratio between the incident field strength
at the antenna, and the voltage at the input of the measuring receiver.
Before using the NEC2 to study wire biconical antennas, a validation
exercise is carried out to ensure the accuracy of the numerical results. It is
shown that the computed input impedance and radiation patterns of both a
planar wire biconical antenna with a=0.5 mm, 6;=60°, and 6;,=180°, and a
3D wire biconical antenna with N=8, a=0.5 mm, 6=60°, and 8,=180° are

in good agreement with the measured values in [2].

The effect of hat and flare angle changes on the characteristics of
wire biconical antennas have been investigated. This is achieved by
computing and comparing the radiation patterns, input impedances, and
antenna factors of wire biconical antennas with various flare and hat

angles. Based on the extensive numerical data presented in Chapter III, it



is concluded that the antenna factor bandwidth of the planar biconical
antenna decreases with an increase in flare angle and increases with an
increase in hat angle. The usable frequency for the planar antenna is also
found to be quite limited. For the 3D wire biconical models, a change in
either the flare or hat angles has little effect in the antenna factor
characteristics. The characteristics of a wire biconical antenna with corner
reflector causes the input impedance of the wire biconical antenna to peak
at about 400 MHz but otherwise is not adversive to the antenna factor's

bandwidth performance.

Concepts focusing on the optimization of planar wire biconical
antennas are introduced and tested in Chapter IV. It is shown that while
significant bandwidth optimization can be obtained by adding wire
fragments in the form of a cross to a planar wire biconical antenna, loading
the added fragments with purely resistive loadings in the middle junction
does not improve the bandwidth performance any further. Optimization is
also achieved by offset feeding a planar wire antenna. When the source is
elevated from the base of the antenna to about half the wire structure's
length, the antenna factor bandwidth increases with an increase in source
height. After the source reaches half the wire structure's length, however,
the increase in source height would have an adverse effect on the antenna
factor bandwidth. The use of parasitic elements, which are attached to the
planar wire antenna for optimization purposes, has also been studied.
Parasitic elements are very useful in cases where an impedance match is
imperative at a certain frequency of operation. In the optimization of the
antenna factor bandwidth, unfortunately, parasitic elements which are

attached to the antenna structure, are shown to be ineffective. On the other
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hand, parasitic elements which are detached and placed symmetrically on
both sides of the planar antenna are shown to be of significant value to the
optimization of the antenna factor bandwidth. The parasitic elements are
referred to as sleeve, and the two antenna optimization parameters
considered are the length of the sleeve and its distance from the antenna
axis. It is found that the sleeve length and the antenna factor bandwidth is
directly related for sleeve lengths of up to about half the wire model's
length. The antenna factor bandwidth of the planar wire biconical antenna
increases as the length of the sleeve is increased. However, if the length of
the sleeve is increased beyond half the structure’s length, then bandwidth
decreases as the length is increased. The optimal distance between the
parasitic elements and the antenna axis is found to be about half the length
of the wire model. Moving the sleeve closer to or further away from the
this distance would cause the antenna factor of the antenna to rise and hence

decrease 1its antenna factor bandwidth.

Finally, despite the seemingly inferior characteristics of wire
biconical antennas as compared to their shell or solid counterparts, in
application where low-mass antenna is required, wire antennas are
indispensable. Optimization of wire biconical antennas can be achieved in
many ways. The methods used in this study can only be regarded as partial
examples. Further investigation on the subject should be pursued to ensure

the competitiveness of wire biconical antennas.
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Appendix A

General Properties of Dyadic Green's Fanction

A dyadic function, denoted by S, is formed by two vector functions.

It 15 defined by

wh

= AR (A-1)

The vector function A is called the anterior element of D and B the
posterior element. A dyadic function by itself does not have any physical
interpretation such as a vector function. However, when it acts upon
another vector function the results may become more meaningful [7]. The

anterior scalar product is defined by

CD = (CA)B =B(C-A) = B(A-C) (A-2)
and the posterior scalar product is defined by
D-C=A(B-C)=®B-CA =(CB)A (A-3)

The vector product between a dyadic function and a vector function is also

separated into interior vector product which is defined as

DxC = ABXC) (A-4)

and the posterior vector product which is defined as

CxD = (CxA)B (A-5)



If the vectors A and B in the above equations are decomposed into the
component form in the rectangular coordinate system, (A-1) can be written
in the form
ABXX + AyBXY + AB,XZ
D =]+ AB,yX + A,B,Jy + A;B,yZ

+ A,ByZX + A,B\ZY + A,B,72 (A-6)

where all nine components of the dyadic function is distinct. One unique

dyad, called the idem factor or unit dyad, is defined by
1= 5% + 59 + 72 (A7)

The characteristic feature of the idem factor can be demonstrated in the

following identities:

prnnd ||

A

peot |}

A=A (A-8)
V-(Iy) = Vy (A-9)

where y represents a scalar function of position.
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Appendix B

Vector Green's Theorem

Gauss' theorem states that for any vector function of position A with
continuous first derivatives throughout a volume V and over the enclosing

surface S [7],

f”v.Adv_-,”A.ds

8 (B-1)

If we define

A = QXVXP - PXVXQ (B-2)

and using the vector identity

VX(AxB)=B-VxA - A-VxB (B-3)

equation (B-2) can be written as

V-A =P.VXVXQ - Q- VxVxP (B-4)
Upon substitution of (B-4) into (B-1), we obtain

j } } (P-VXVX(Q - Q- VXVXP) dV =
v .
jj (QXVXP - PXVx(Q)-dS
(B-5)

which is known as the vector Green's identity.



Appendix C

Three-Dimensional Far Electric (Eg) Field Patterns

For most practical applications, three-dimensional far field patterns
are represented by a few two-dimensional plots as a function of 8 for some
particular values of ¢, together with a few plots as a function of ¢ for
some particular values of 8. While the two-dimensional plots give most of
the useful and needed information, mentally visualizing the three-
dimensional patterns from two-dimensional plots is not always easy. The
following pages display, in a continuous three-dimensional format, far field
patterns of wire biconical antennas with and without corner reflector as
discussed in section 3.4. These figures are made to compliment the two-
dimensional figures in the study and to provide additional information on

the far field patterns.

134



Frequency = 700 MHz

1.74

1.38

1.04

Q.7c

0.35

Electric Field Strength.

0.00

Figure C-1 Far Electric Field (Eg) Pattern of a Planar Wire Biconical

Antenna with 660" and 8,=120°".
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Figure C-2 Far Electric Field (Eg) Pattern of a Planar Wire Biconical

Antenna with 8;=60", 8,=120°, and Corner Reflector.
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Figure C-3 Far Electric Field (Eg) Pattern of a Body-of-Revolution
Wire Biconical Antenna with 8=60° and 8,=120°.
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Frequency = 700 MHz

Figure €-4 Far Electric Field (Eg) Pattern of a Body-of-Revolution
Wire Biconical Antenna with 8=60°, 8,=120°, and Corner Reflector.



