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Abstract - Background. Curvilinear dipole antenna structures have been established as solution to the directivity problem
associated with conventional dipole antennas, with length greater than half a wavelength. However, with the exception of the
‘concave Nu’ dipole, other curvilinear configurations of V-dipole antenna have yet to receive analytical attention in the open
literature. This paper presents a comparative analysis of four of such configurations. Aim. Develop a detailed electric field
integral equation formulation for internal electrodynamic problem of four curvilinear configurations of the V-dipole antenna
structure, such that a method of moments solution becomes applicable. Methods. Unknown current distributions in the
formulation are determined using the method of moments, with piece-wise linear basis and testing functions. Analytical results
are then implemented in a FORTRAN computer program, for numerical results. Results. Analytical models for four curvilinear
configurations of the V-dipole antenna as well as computational results for their input and radiation-zone characteristics.
Conclusion. Computational results obtained reveal that in terms of maximum achievable directivity and return loss, the
configuration with both arms curved, is the best performing; followed by the conventional-V, convex-Nu (one arm bent inwards),

and concave-Nu (one arm bent outwards), in that order.

Keywords - curvilinear dipole antenna; maximum directivity; moment-method; Nu dipole antenna configurations; return loss.

Introduction

One notable limitation of the linear dipole antenna
as identified in the literature, is that when its physical
length exceeds half a wavelength at the operating
frequency, its directivity profile deteriorates
significantly. According to [1; 2], this limitation owes
mainly to the fact that as its length increases, current
distribution along the axis of the antenna will include
components in direct phase opposition; with the
consequence that directivity decreases significantly.
Indeed, as remarked by [3], when the physical length is
greater than one wavelength, the linear dipole’s main
lobe resolves into a number of lobes of about equal
strengths, which is why in practical applications,
electrically shorter linear dipoles are preferred,
despite their low gain features.

As a means of moderating the influence of
undesirable phase characteristics of the current
distributions of longer linear dipole antennas (LDA),
[1; 2], in what appear to be pioneering contributions,
introduced the idea of ‘shaping’ the LDA to form what
is now commonly referred to as the ‘shaped dipole’.
In particular, and starting with a geometry defined
by piece-wise linear wires, in which each segment is
inclined at some angle to the vertical, a shape that
provided the largest value of maximum antenna
effective height (and hence, directivity), was derived in [2].
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The COMSOL-supported investigations reported
in [3] highlighted the possibility of simultaneously
optimizing both impedance and directivity of the
wire antenna, and reported results that support the
conclusion in [1; 2] concerning the ‘shaped dipole’.
This ‘shaped dipole’, which, due to its similarity to
the Gaussian (normal) probability distribution curve,
has been named the ‘Gauss Dipole’, [4; 5], informed
quite a few investigations into the characterizing
features of curvilinear wire antennas [3-8]. Majority
of these investigations focused on antenna directivity
maximization, typically, through the use of arrays
of the Gauss dipole. For example, after establishing
through a moment-method / simplex optimization
scheme that the 3A/2 Gauss-shaped dipole
represented the optimum (in terms of maximum
directivity), [6], the same authors, in [7], analytically
demonstrated that the 11,8 dB maximum directivity
of a 3-element Yagi-Uda of dipole is almost identical
to the experimentally determined value reported in
[2]. A contribution by [8] addressed the problem of
optimizing sidelobe level (SLL), using the example
of a 6-element Yagi-Uda array of Gauss dipoles. The
paper’s results suggested that maximum directivity
achievable with SLL optimization is about 1,35 dB
less than that achievable, when only directivity is
optimized. It is noteworthy that in the case of [4],
where the Gauss-dipole’s front-to-back ratio (FBR)
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optimization problem was investigated, a gain of
12,87 dB was reported for a Gauss-dipole, backed
by a square-shaped, finite-sized reflector. Results
published in [9] also demonstrated that further
improvements in the Gauss Dipole’s performance
(effective height in this case) can be achieved through
the introduction of a geometrical asymmetry into the
antenna’s structure.

Outcomes of investigations concerning the ‘arc-
shaped’ antenna described in [10; 11], appear to
support the remark in [12] that curvilinear wire
antennas are generally better performing than
linear wire antenna structures. And according to
[12], the V-dipole antenna (VDA) represents ‘a first
approximation’ to the general class of curvilinear
wire antennas. Results of a comparison of the
performances of V- and Gauss-dipole antennas in
[5] indicated that whereas, the maximum achievable
directivities for both antennas are comparable, the
Gauss-dipole is the better of the two. It is instructive
toobserve that despite being regarded as the ‘optimum
shaped curvilinear antenna’ in the literature [1-7], no
practical application of the Gauss-dipole antenna
has, as far as can be ascertained, been reported. On
the other hand, a number of important practical
applications for the VDA have been highlighted in
the literature. The more notable of these include
the design of ultra-thin plasmonic meta-surfaces,
[13], ground penetrating radar (GPR) applications,
[14], and Ultra-Wideband applications [15]. As may
be expected therefore, a number of schemes for the
performance improvement of the VDA have been
developed [5; 14; 16; 17]. An example is available from
[14], which described the use of resistive loading along
the antenna’s arms to obtain pencil-beam patterns,
utilized by GPR applications. Other examples include
the performance optimization schemes involving
choice of arm configuration and apex angle, explored
in [16; 17].

This paper’s main interest is in the investigations
described in [5; 16; 17], which demonstrated that
certain configurations of the VDA offer better
performance possibilities than the conventional
VDA. A configuration of particular interest is the
curvilinear ‘Nu-dipole’ geometry treated by [18], in
which the lower arm of the antenna takes the shape
of an arc of a circle. Although [18] made no explicit
performance comparisons between the VDA and
Nu-dipole antenna, results presented in [16] for the
‘arc-curved’ dipole (with both lower and upper arms
shaped as arcs of circles) clearly suggested that the
arc-curved dipole provided a better ‘maximum peak

radiated pulse’ than the VDA, when both are shape-
optimized. In this paper, three different curvilinear
configurations of the VDA (the ‘Nu’ with lower arm
curved inwards, the ‘Nu’, with lower arm curved
outwards, and the ‘Nu’ with both arms curved in
the same direction) are considered for performance
comparisons, in terms of directivity, input
impedance, return loss, and radiation-zone fields.
Computational results reveal that in terms of these
performance metrics, the ‘Nu’ with both arms curved
in the same direction performs best with a maximum
directivity greater than 8 dB, for example, when total
dipole length is 5L /2. Computational results also
suggest that a particularly notable consequence of
shaping the arms of the dipole in a vee-configuration
is the significant redistribution of the phase of
current flow, along the antenna’s axis. The paper in
section 1, presents the theoretical background for
the investigations, while computational results are
presented and discussed in section 2. Suggestions
for the extension of the work as well as the main
conclusions due to the investigations are presented

in section 3, the paper’s concluding section.

1. Analysis

A useful approach to antenna analysis derives
for example, from the observation by Tabakov and
Al-Nozaili, [19], that the associated electrodynamics
problem consists of two distinct, but very closely
related component parts. Firstis the ‘internal problem’,
whose solution prescribes the antenna’s current
distribution; and second is the ‘external problem’,
through which the properties of the electromagnetic
field due to the current distribution, are determined.
One method of formulating this generic problem is
to develop an electric field integral equation (EFIE),
typically, with the use of three steps. In the first step,
boundary conditions on the electric field at the surface
of the antenna are imposed, followed in the second
step, by the specification of the fields in terms of the
Lorentz potentials. These potentials, in the last step,
are described by the current and charge distributions
associated with the antenna, as their sources. When
this formulation is in the frequency domain (with an
assumed e/®" harmonic time variation), the most
widely used integral equation is the ‘two potential’
equation, [20], essentially because compared with
Pocklington’s and Schelkunoff’s equations (both of
which also derive from the boundary conditions) its
kernel is easier to handle.
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In the case of the assumedly perfectly conducting,
thin-wire antennas of particular interest here, these
formulation steps are summarized by the following

expressions:
a % (Ejp,+E,,)=0, onS (1)
so that
oD
t . A
—Eirig:—]ooA—Eal, on$S )
provided that
_jkR
M ’ e ’
A=t j 1(1 dr, 2a
el | () (2a)
axis
with
1 e jkR
d=— | of! dl'. (2b)
4ne J. ( )
axis

In the foregoing expressions, (a,, a;) represent
unit vectors normal to the wire surface (in the
outward direction) and in a direction tangential to the
surface, respectively; while all other symbols retain
their usual meanings. By relating filamentary charge
and current distributions through the equation of
continuity according to
o) =20 3

jo dl
the desired EFIE emerges through the use of (3) in
(2b) and subsequent use of (2a) and (2b) in (1), in terms
of the current distribution (and its first derivative),
and constitutes the internal electrodynamic problem,
[19], for the generic thin-wire antenna problem.

Towards a moment-method solution of the
problem, a linear integro-differential operator, ‘L’ is
introduced, [20], such that the EFIE modifies to

B2 = L[1(I)]=(joA+V®) ™" ons. (4)

mp

It may be remarked that the domain of L is the space
of those functions I, for which I'is 0 at the ends of the
wire antenna; and its range is the space of all possible
functions E;*" on the wire surface. An inner product
(<->) appropriate to the problem is also introduced
for two vector quantities (W, F) tangential to the
wire surface as

(W,F)= IW~Fdl , (5)
c

where ‘C’ is a path defined on the surface of the wire,

parallel to its axis. Next, a set {Fn }nﬁ of expansion

functions as well as a set {Wm }m:l\i of weighting

functions are selected. Details of the requisite prop-

erties of these functions are available in [21; 23]. The
unknown current distribution is then expressed as
a series in terms of the expansion functions; that is:

IngnFn
n

in which the ¢, are unknown coefficients to be
determined. Equation (4) then modifies to

D L[c,F, | =(joA+VO)™ =E 6)
n

so that by taking the inner product of each W, with
both sides of (6), the system of equations defined by

D (W oneal [P ]) = (Wi B ) )

emerges. The matrix format of (7) is obtained through
the definition of generalized network parameters
according to, [21],

. <W1,L(Fl)> <W1,L(FN)>
_(wN,L(F,)> <WN,L(FN)>
(w,.ES ) ©1

(V)= , and (I): T,
<WN,E{;;> SN

such that (7) becomes

[Z](D)=(v).
It is of interest to observe, as shown in [22], that a

typical entry to the generalized impedance matrix [Z]
is of the form

Zn= ®)
1 AW dF | ikR

- [ aifar| jouw -F, +— .
[ afdr) jonw, "ies dl dl | 4nR

axis C

Thus, the solution to the internal electrodynamic
problem is obtained as

(=[2]"(v) o)

1.1. Specialization to the curvilinear dipole cases
The illustrations of Fig. 1 describe the four
of the V-dipole antenna (VDA)
considered in this paper. Fig. 1, a, depicts a curvilinear

configurations

configuration with its lower arm curved inwards and
here referred to as the ‘concave-Nu’; Fig. 1, b, is for the
‘convex-Nu’, with lower arm curved outwards; Fig. 1, c,
the ‘conventional Nu’, with both arms curved in the
same direction; and Fig. 1, d, describes the VDA.
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(a) Concave Nu

{c ) Conventional Nu

Fig. 1. Curvilinear configurations of the V-dipole antenna
Puc. 1. KpuBonuHeiHble KOHGUIYpaLuu V-AUIIONBHON aHTEHHBI

(b} Convex Nu

(d) Conventional VA

]

P(r,0.9)
r

Arc of a circle of

Fig. 2. Representative problem geometry
Puc. 2. TunuyHas reoMeTpus 3afadu

radins a = 2Lgfx

Towards specializing the results of the foregoing
discussions to the internal electrodynamic problem
of these curvilinear configurations, the representative
problem geometry of Fig. 2, for the ‘concave nu-
dipole’ is considered. As a matter of analytical
convenience, the dipole is regarded as consisting of
two wires (an ‘upper arm’ and a ‘lower arm’) sharing
a common feed.

For this ‘two-wire structure’, two sets of expansion
and weighting functions are defined for the upper
and lower arms according to

{Funfi{ W} and [{Frafi{Win} ]

respectively. Current distribution along the axes of
the antenna structure is then given by

N
z gl,nFl,n’

n:% +1

Y
I= Zgu,nFu,n+
n=1

so that the boundary condition of (4) becomes
N,
2 N
tan
zqu,nLFu,n+ Z gl,nLFl,n = Eimp
n=1 n=IV+1

2

it is readily verified that generalized impedance
matrix is then given by

<W u,1» LF u,1>

<Wu’],LFu’%>
(W2 LF ) o <Wu,2,LFuy%>

= (10

[7]
[ragi) = (s

(Wi LF, ) <WLN,LFH7%>
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(WunLF )

W, LF >
< u, Z,A‘F’l

A% LF <W LF >
20 N 202V LN
u I, AH u

<Wu)% ’LFl,I%+1> <wu,% ’LFZ,N>

W, .LF <w LF >
IN>» N IN>» LN
< 5 l,A+1> ) 5

A typical entry into the matrix of (10) is easily
identified as

Zsmtn = (11)
1 dWs m dFt n eiijV

- dlIdl' iouW. -E + m 7L .
J TR sm Fon Ve Tdardl | 4nR,

axus C

In (11), s’ ‘¢, and v’ can be either of ‘v’ (for the
upper arm) or ‘I (for the lower arm), as may apply, to
complete the formulation, (and hence the antenna’s
internal electrodynamic problem), the variable ‘R’
featuring in the Green’s function in (11) requires
specification. The respective position vectors for
points on the upper arm on the wire surface and
along the wire axis are given by
(r;r’)=(lcosa{1y+lsinaéz;l’cosaﬁy+l’sinaéz),
‘R, appearing in the equation is readily determined
[21], as either

R, =|r—r|= b2+(1-1)?,

in which ‘b’ represents the wire radius and which
applies when the expansion function is specified on
the upper arm; or for the lower arm, for which

(r;r') = (a(l—cosw)ﬁy—asin\yﬁz;

a(l—cosw’)éy—asin\u'ﬁz), as

o e

in this case. Corresponding expressions for the

other antenna structures in Fig. 1 share similarities
with these results, as evident from the following
considerations. In the case of the convex-Nu’s lower
arm,

(r;r’) = (asin\uﬁy—a(l—cosw)éz;
. A N A
asiny’a, —a(l—cosw )az)
and it is easy to see that R, for this structure reduces

to the same as that for the concave-Nu. Both struc-
tures share identical expressions for R, since up-

per arm geometry is the same in both cases. Position
vectors of interest to the conventional Nu’s upper and
lower arms are given, respectively, by

(5;7) = (asinva, +a(1-cosy)a,;
asin\y’éy+a(l—cosw')éz) and
(5;7)=(a(1-cosy)a, —asinya,;
a(1-cosy')a, —asinya, ).

From which it follows that for this curvilinear

structure,

R/=R,= \/b2+a2 (4sin2(w _\"%D.

Finally, it is not difficult, for the V-dipole, to verify
that

R, =R, =b2~(1-1')%.

The next step in the analysis is the formulation of

the external electrodynamic problem, which is that of
determining the radiation zone fields. In the far-zone,
the electric field intensity is related to the vector
magnetic potential according to E(r) = —j(oA(r),
r>>r'. A is still prescribed by (2a) but unlike the A
for the internal problem, it is given, for example, in
the case of the concave dipole’s upper arm, by

—jkr L,
pe R A
A, = J‘(cosaa +s1nocaz)><
4mr Y
, jk{"l:sinesin(pcosowrcosesin(x:l '
X I(Z )e dar }

in which, for the Green’s function, use has been made

of

r—r-r’, phase approximation;

Refer]={ "] e
r, magnitude approximation

with

r'= l’cosocéy +I'sinaa,.

Accordingly, and using the well-known Cartesian
to spherical coordinates transformation identity,
the of the
contributions of this arm to the structure’s radiation

spherical coordinates components

zone field emerge as

o L

) —jkr "

=—]0)4“e j[cos@sin(pcosot—sinesina}x (12)
nr

0

Eq

u

y I(f,>ejkl'[sinesin(pcoscﬁcosGsina] dﬂ',

o L
. —]kr 1
—jope ,
E =————|cospcosal(f)x
ou 4 J.
r 0

jk('| sin@sin@coso+cosOsina
x e [ ¢ ] de'.
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Following similar steps, it is fairly straightforward
to establish that corresponding expressions for the
structure’s lower arm is

—joue 2
:% I [cosesin(psin\u'+sin9cosw']x
nr 0

y I(W,)6jka[sinOsin(p(l—cosw’)—cosesin\u'} dy’

b

—jope T
E :—I cos@psiny’ |x
o= 0[ gsiny’]

y I(W,)ejka[sinOsin(p(l—cosw’)—cosesin\u'} dy’

According to (12) and (13), the theta-component of
this field vanishes in the antenna’s YZ plane, where
¢ =90°. Therefore, the concave-Nu dipole’s radiation
field as given in that plane, by the superposition of
(12) and (13), is obtained as

f[cos(6+ oc)} X

0

3 _jo)uefjkr

Egeny = (14)

4nr

y I(f’)ejk[Sin(9+a) a0’ +

/2
+ I asin(9+\|/')l(\y’)x
0
y ejka[sin9sin(p(l—cosw')—cosesinw'] dy' |,

Using the same reasoning, radiation-zone fields in
the YZ plane for the other three curvilinear structures
are readily determined as

JB [cos(@—i— OL):| X
0
o I(f,)ejkf'sin(eﬂx) 40+
/2
+ I asin(9+\|1’)l(\y’)><
0

—joue Tk
Eecvx = ks (15)

47r

9 ejka[sinesin (p(l—cos \V’)—cosesin w':| dy’

for the convex-Nu dipole;

. —jkr
—jouae
Eﬁcvnu == * (16)

4mr

= [T‘J/.Z[Cos(e + \V’)I(W')ejka[COS(eJr\y')JrCOSe:l .
0

+ asin(6+\|1’)l(\|/')><

9 ejka[sinesin (p(l—cosw’)—cosesin \y'}]dw, :l

for the convex-Nu; and finally,

. —jkr
—jope
E =2 x
Ovda Anr

[cos(@ + a)]l((')ejkhin(em) dr' +

X
© —_—

L
I [cos(e - 0(.):| I(Z’) eik[sm(e_a) ar

0

for the Vee-dipole antenna.

Once the desired current distributions become
available through the method of moments, therefore, it
becomes a fairly straightforward matter to determine
antenna performance parameters of interest. For
this paper, these parameters, in addition to far-zone
patterns, include feed point input admittance given

by
Y. _ Jin =G.. +jB
_V__ in TJ5;

in in>

mn
where G; stands for input conductance and B;, input
susceptance. Others are return loss, which, as pointed
out by [23], is defined as

Z,+2Z,

Z —Z

mn o

Return Loss(dB) =20log,,

b

where, in this paper, Z =50Q and Z; =1/Y;,
represents the feed point input impedance of
the curvilinear configuration of interest. Finally,
maximum directivity, a common performance
assessment metric for curvilinear antenna structures,
[1-5], is determined using the well-known expression,

[24];

4nU, .
— J (dB),

D, = 10log,, [
rad

in which U, radiation

intensity and P, ;, the total radiated power; both

represents maximum

evaluated using the following respective equations:
1 2 2
Unax = (EDEG (9, (P)| + ‘E(p (9,(\0)‘ :Dmax’

and

2n w

P,i= I I Usin0d0de.
¢=05=0



Atiopunpge A.A., Anexona C.A., MoBete . CpaBHUTENbHBIN aHATNU3 KPUBOTMHENHBIX KOHPUIYpaLUN aHTEHHB! V-AHII0IS
30 Ayorinde A.A., Adekola S.A., Mowete 1. A comparative analysis of curvilinear configurations of the V-dipole antenna

a) Input Conductance
e [12]
e This paper

&

w
o

Conductance (m-mho)
i ~N
? o

0 50 100 150 200
Apex angle (Degrees)

_¢) Input Conductance _

20 [
—_ 18
2 _'[I'hiipaper
£ 15
E
g 10}
m
o]
3
e 5
=]
o
0! .
0.15 0.3 0.35 0.4

30 b) Input Susceptance
—[12]
‘g m——— This paper
E 20
;
E
g 10
S
g
e o0
3
v
-10 .
1] 50 100 150 200
Apex angle (Degrees)
- d)input Susceptance
2 10
E
E 5
g
1=
8 o
j=1
@
2
3 5 | e [18]
s This paper
-10 " 1|
0.15 0.2 0.25 0.3 0.35

by

Fig. 3. Comparison of input admittance profiles published in [12] and [18] with corresponding results of this paper
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CcTaTbu

2. Computational results and discussion

For all the computational results presented and
discussed in this section, a delta-gap feed model with
an excitation voltage of 1 V was utilized. In addition,
for the center frequency of 1,5 GHz, the thin-
wire property of all the structures are maintained
through meeting the requirement that 0,002X <
< wireradius< 0,008\. Piece-wise linear functions are
utilized as both expansion and weighting functions,
in a Garlerkin’s approach, whose details (including
approximations, convergence properties, and error
bounds) are comprehensively described in [20-22].

As a check on the validity of the paper’s analytical
formulation of section 1 concerning the internal
problem, input admittance results published in [12]
and [18] are compared with corresponding results
obtained with the use of this paper’s formulation.
Outcomes of the comparisons are displayed in Fig. 3.

The profiles of Fig. 3, a, b compare the input
admittance data of the VDA with dimensions given
in Table 2 of [12], with computational results for the
same VDA, obtained with this paper’s formulation.
Also, the input admittance comparisons of Fig. 3, ¢, d,
are for the concave Nu dipole treated in [18, Fig. 2]
and corresponding computational data due to this
paper. The very close agreements between these pro-
files lend credence to the validity of the formulation
in this paper.

Current distribution characteristics are compared
for the four configurations, by the profiles of Fig. 4
(magnitude) and Fig. 5 (phase).

From the curves displayed in first row of Fig. 4, it
can be seen that when the half-arm length is limited to
0,251 for all the curvilinear structures, magnitude of
current varies significantly with apex angle a. When
o changes from 30° to 50,4°, for example, magnitude
of current for the V-dipole became generally halved
in size. Furthermore magnitude of current for the
convex-Nu dipole increased significantly, generally
becoming larger than corresponding values for the
V-dipole. At o =60° values of magnitude of current
recorded for the convex-Nu drastically reduced from
those recorded at o =50,4°. Profiles of magnitude of
current displayed in Fig. 5, d, e, f, for the L=0,75L
cases are generally comparable for all the curvilinear
configurations, for o =50,4°. For the other two
values of apex angle, values recorded for the concave-
Nu and convex-Nu structures are noticeably smaller.

The phase distribution curves of Fig. 5, a, b, c, (for
L=0,250 cases) underscore a property implicitly
stated in [3] that shaping the dipole represents a
method of prescribing a phase distribution for
the wire antenna. It can be seen from Fig. 5, a, for
example, values recorded for V-dipole are positive,
whereas, corresponding values recorded the convex-
Nu and concave -Nu structures (with one arm shaped
and the other linear), are negative. On the other
hand, as can be seen from Fig. 5, b, values recorded
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Fig. 4. Profiles of distribution of magnitude of current for the curvilinear antennas for various apex angles
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for the V- and Convex-Nu - dipoles reversed in sign
from corresponding values displayed in Fig, 5, a,
indicating that for L =025\ curvilinear dipole,
apex angle represents another parameter choice for
prescribing phase distribution of axially directed
current flow. It should be pointed out that all the
curves in both Fig. 4 and 5 for the conventional-Nu
configuration, are independent of apex angle, as the
geometry is only related to the others, through choice
of half arm length, L. Finally, the curves of Fig. 5, d,
e,f, describe corresponding phase distributions for all
four configurations, when half arm length is fixed at
0,75\. The phase reversals occurring here are cases
are not as pronounced as those earlier described for
the L=0,25\ cases. With the exception of the curves

for the convex-Nu structure, such phase reversals
as are recorded, are essentially limited to segments
close the ends of the arms of the antenna.

2.1. Influence of slant angle on the performance
of the Nu dipole

As observed in [9; 25], the introduction of geomet-
rical asymmetry in the curvilinear dipole antenna’s
structure has significant effects on the antenna’s
performance. This influence is not well-captured in
the treatment of the concave Nu dipole presented
in [18], mainly because only one value of slant
angle (oo =60°) was considered in that publication.
Arelationship between relative arms’ lengths and
slant angle may be conveniently established by
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projecting both arms on the y-axis. The projection
of the upper arm (of length L)) of the concave Nu
dipole on the y-axis is L, cosa. When it is noted that
the lower arm is a quarter of a circle (of radius a) in
extent, and letting L; represent the physical length
of this arm, it becomes easy to see that a=2L /.
Hence, both arms will have equal projections on the
y-axis, when

2L,
o (18)

L coso =
u T

so that the desired relationship between the arms’
lengths emerges as
2

L,=——L, (19)
TCosQ

For a given radius of the arc representing the lower

arm, therefore, the relative lengths of both arms are

determined by slant angle according to (12)-(13) as

L.
o =cos | 254 .
nL,

Three possible scenarios, namely, the cases of

(20)

L,<L;, L,=L;, and L,>L;, are of particular
interest; and it is readily verified that the choices
of a=30° (L, =0,75L;), a=50,46° (L, =L;), and
a=60° (L, =1,25L;), respectively, define the geo-
metries of the three scenarios.

With reference to these three values of slant angle,
an illustration of the effects of differences in arms’
lengths extent for both the convex- and concave -Nu
dipole antennas is provided by the profiles of Fig. 6.

Here, (and elsewhere in this paper), L, =L, /A, and
the associated L;, for any given a, is specified by
(13)-(14)

The profiles of Fig. 6, a, for input conductance
(G;,), display two sets of maxima for G, ; the first set,
located in the region 0,2<L, <0,4, and the second,
0,6 <L, <0,9. For the first set of maxima, the largest
values were recorded by the convex-Nu dipole with
slant angles of 30°, 50,46°, and 60°, in that order.

The order of occurrence of G;, maxima differs
slightly for the concave-Nu dipole in that the 60°
maximum occurs before that of 50,46°. Maxima re-
corded by the convex-Nu dipole in the second set are
also generally higher than those recorded by the con-
cave-Nu configuration; though in the latter case, the
largest value was recorded by the 50,46° convex-Nu
configuration. A notable feature of the B;, profiles of
Fig. 6, b, is that for L, <L, (o =30°), the convex-Nu
dipole resonates only at two values of L, (0,22 and
0,25), whilst the other four, each resonate for four dif-
ferent values of L, . It is also noteworthy that for this
latter case, two sets of resonant lengths are in close
proximity; one in the neighborhood of L, =0,45, and
the other, in the vicinity of L, =0,90.

Variations of return loss with arms’ lengths for
different values of apex angle, are displayed in Fig. 6, c.
The profiles clearly fall into the two categories earlier
described for G;,. Return loss for the first set reveal
that maxima,of the o =60° configurations had the
largest values (with that for the concave-Nu slightly
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Fig. 7. Comparison of radiation-zone field patterns for the three
convex-Nu and concave-Nu configurations with 0,15<L, <0,50
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Fig. 8. Comparison of radiation-zone field patterns for the three
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greater)whereas, values recorded by the other four
configurations featured marginal differences. For the
second set, the o =50,46° convex-Nu and a =30°
concave-Nu configurations recorded the distinctly
largest and least values of return loss, respectively.
Finally, it can be seen from the maximum directivity
profiles of Fig. 6, d, that values for the convex-Nu
configurations are significantly larger than those of
the concave-Nu configurations.

The largest maximum directivity values (close to
7 dB) are those for the 50,46° and 60° convex-Nu
configurations, in that order.

A number of interesting features are revealed by
the far-field patterns in the antenna plane, displayed
in Fig. 7. For normalized upper length arm (L,) of
0,15, the field pattern profiles of Fig. 7, a, share
similar shapes (referred to in [24] as ‘azimuth’, and
similar to Fig. 2 of [18]) for all values of slant angle.
From Fig. 7, b, for L, =0,25, it can be seen that the
symmetry displayed in Fig. 7, a, no longer features in
all cases. As a matter of fact, in this case, the pattern
due to the concave-Nu with a =30° assumes a form
that may be described as ‘quasi-omnidirectional’. In
addition to the ‘rotation of orientation’ described in
[18], the patterns of Fig. 7, c, include another ‘quasi-
omnidirectional’ pattern, this time, due to the convex-
Nu with o =30° configuration.

The pattern shape deformation, which may be said
to have initiated in Fig. 7, d, manifests as minor lobes

in the field patterns of Fig. 8, a-d. From the profiles
of Fig. 8, a, it is easy to see that in terms of sharpness
of main lobe and corresponding minor lobe sizes, the
best performing configuration is the 50,46° convex-
Nu, followed by the 30° convex-Nu, with the 60°
concave performing worst here, and indeed, in all oth-
er cases. Profiles of Fig. 8, b, follow the same general
trend, but there are two notable exceptions: first, the
second best performing configuration in this case, is
the 60° convex-Nu; and second, the 50,46° concave-
Nu now performs better than the 30° concave-Nu.
For L, =1,00, the convex-Nu configurations (50,46°,
60° and 30° in that order) are collectively and in-
dividually better performing than the corresponding
concave-Nu configurations.

2.2. Comparison of concave-Nu, Convex-Nu,
Conventional-Nu and conventional V configurations

Discussionsinthe precedingsection(2.1)established
that the convex-Nu curvilinear configuration of the
VDA represents a better performing configuration
than its concave-Nu counterpart.

In this section, the performances of both configu-
rations are compared with those of the convention-
al-Nu and conventional V dipole antennas. Candi-
dates for the comparisons include the representative
50,46° convex- and concave-Nu configurations, the
symmetrical VDA with an apex angle of 50,46°, and
arms lengths equal to L, of the Nu dipoles; as well as
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the conventional-Nu. From the first set of G;, maxi-
ma of the profiles of Fig. 9, a, it can be seen that the
values recorded by the conventional-Nu and VDA, in
that order, are larger than those for the convex- and
concave-Nu configurations.

The second set differs only in that the convex-Nu
now recorded the largest value of G;,. According to
the B, profiles of Fig. 7, b, the VDA and convex- /
concave-Nu configurations all share two resonance
lengths; one close to L=0,4A, and the other, in the
vicinity of L=09A. The conventional- and convex-
Nu configurations also share the two resonance
lengths of about 0,25% and L =0,76A\.

A particularly noteworthy feature of the return
loss profiles of Fig. 9, c, is the remarkably large value
(close to 50 dB) for the conventional-Nu configura-
tion. It may also be noted that maximum return loss
for the VDA is larger than that for the convex-Nu,
which in turn, and as noted in section 3.1, is larger
than that for the concave-Nu. With the exception of
the concave-Nu configuration, (whose maximum di-
rectivity is distinctly the least over virtually the entire
spectrum of L, considered in this paper) maximum
directivity values are comparable for values of L, up
to about 0,75. Beyond this point, maximum directiv-
ity for the convex-Nu ‘saturates’ to a value of about
6,25 dB, that for the VDA rises to a value of about
7dB (at L, =125 dB) before falling to the ‘saturation’
value for the convex-Nu; whilst that for the conven-
tional-Nu rises steadily to 8,01 dB at L=15A. Two

important conclusions are indicated by these results;
the first is that the conventional-Nu dipole is capa-
ble of achieving a maximum directivity greater than
the 7 dB reported [6] for the 3A/2 optimum shape
(Gauss) wire dipole: and second, that as suggested by
[24], a 50 /2 shaped (curvilinear) configuration is also
capable of achieving improved directivity metrics.
Radiation-zone the
configurations are compared in Fig. 10 for ‘upper

field patterns for four
arm’ length in the range 0,75<L, <150, over which
maximum directivity is distinct. In Fig. 10, a, the
pattern for the conventional-Nu has its main lobe
directed along the 130-310° axis, whereas those for
the other three are more or less, all directed along
the 90-270° axis. The patterns of Fig. 10, b, are also
multi-lobed like those of the others, but in this case,
the minor lobes are more uniformly shaped, on ac-
count of the nulls that now feature in all the pat-
terns. Although the orientations of the main lobes
remain as earlier described for the patterns of Fig. 10,
a, the main beams are generally sharper, suggesting
that the associated maximum directivity profiles are
mainly due to minor lobe sizes. Beyond L, =1,0, the
nulls that featured in the patterns of Fig. 8, b, van-
ish, as evident from Fig. 10, c-d; the main beams are
sharper though, with those for the conventional-Nu
approaching the ‘pencil-beam’ variety.

An alternative view of the field patterns of Fig. 10
is presented in Fig. 11, where, for each configuration,
profiles of the radiation-zone patterns are compared,
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Fig. 11. An alternative view of the far-zone patterns of Fig. 10
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for varying values of L,. Because the responses of
the convex-Nu and concave-Nu configurations in this
connection have earlier been discussed, only those
for the conventional-Nu and conventional-V need be
described. Thus, and with reference to Fig. 11, c, the

pattern for the L, =1,50 conventional-Nu case has
the sharpest main lobe, followed by L, =1,25, 1,00
and 0,75, in that order. Minor lobes contributions to
corresponding patterns’ average intensities, however,

are generally in the reverse order. The same trend is
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followed by the profiles displayed in Fig. 11, d, for
the conventional V dipole, whose far-zone patterns
exhibit slightly poorer directivity properties than
those of corresponding conventional-Nu dipole
antennas.

Conclusion

A comprehensive comparative performance
analysis of three curvilinear configurations (here
referred to as the concave-Nu, convex-Nu, and
conventional-Nu) of the V-dipole antenna has been
presented in this paper. Integral field expressions
rigorously formulated for each of the configurations
had the distribution of current along the axis of the
antenna as the only unknown. The unknown current
distributions were determined through the use of the
method of moments, following which computational
results for input conductance, return loss, maximum
directivity, and far-zone radiation fields in the
antenna plane, became available.
First, the computational results established that
the configurations,

choice of length of linear arm and its slant angle, a,

for convex-Nu/concave-Nu
(which also prescribes degree of curvature of curved
arm) significantly influenced antenna response.
And following a comparison of the aforementioned
performance metrics, it was established for the first

time, that the convex-nu configuration represents
a much better performing configuration than
the concave-Nu introduced by [18]. When the
performances of these two configurations were
compared with those of the conventional-Nu and
conventional-V configurations, the metrics revealed
that the best performing of the lot is the conventional-
Nu configuration, particularly with reference to
return loss and maximum achievable directivity.
Indeed, the 8 dB maximum directivity recorded for
the conventional-Nu configuration is significantly
better than the 7,13 dB reported for the optimum-
shaped wire (Gauss) dipole in [6]. It is also noteworthy
that the return loss of close to 50 dB recorded by the
conventional-Nu dipole antenna is by far better than
those recorded by the other three configurations.

A number of possibilities for future investigations
are offered by the analysis presented in this paper.
One of such possibilities concerns the influence of
asymmetry of the type described in [9], on the perfor-
mance of the conventional-Nu configurations. Others
are the possibility of the configuration’s directivity
performance enhancement through the introduction
of a small ground plane into its structure: and that of
resistively loading the configuration towards deploy-
ment in ground penetrating radar (GRR) applications,
as common with conventional-V dipoles.
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Atiopunpge A.A., Anexona C.A., MoBete . CpaBHUTENbHBIN aHATNU3 KPUBOTMHENHBIX KOHPUIYpaLUN aHTEHHB! V-AHII0IS
Ayorinde A.A., Adekola S.A., Mowete 1. A comparative analysis of curvilinear configurations of the V-dipole antenna

Annomayusa - O6ocHoBanue. KpuBoIHHEHHbIE NUIIOIbHbIE AHTEHHbIE CTPYKTYPhl GBUIM CO3AHBI KaK pelleHHe NpobieMbl
HANpaBIeHHOCTH, CBSI3AHHOH C OGBIYHBIMU [AMIIONBHBIMH aHTEHHAaMH, C UIMHOW 6oJiee MOJOBMHBI AJIMHBI BOMHBL. OMHAKO,
3a UCK/II0OYEHHEM «BOTHYTOro Nu» AWMOJIs, ApPyrue KPUBONUHEHHble KOHQUIYPALMK AHTEHHBI V-[UIOJNS €lje He MOTyIHIIH
AHAJINTHYECKOrO BHUMAaHMUS B OTKPBITOM JHUTepaType. B 3TOH cTaThe MpefcTaBlIeH CPaBHUTENbHBIM aHAIM3 YEThIPEX TaKHUX
koHburypauuii. Lleap. PaspaGorare mogpoGHy0 (GOPMYIHPOBKY HHTETrpPaIbHOTO YpaBHEHUs OSJIEKTPUYECKOro MOJsS st
BHYTpPEHHEH 2JIeKTPOANHAMMYECKOM 3aa4y YeThIpeX KPUBOIMHENHBIX KOHPUTYPALUI CTPYKTYPbl AHTEHHBI V-AUIONs, YTOObI
METOJ| pelIeHHs] MOMEHTOB CTal NPUMEeHHUMBbIM. Meronsl. HeusBecTHble pacrpepneneHusi Toka B GOpMyse ONpemessioTcs
C MOMOILBI0 METOfa MOMEHTOB C KyCOYHO-TMHEHHBIM Ga3HCOM M MPOBEPOYHBIMU PYHKUMSIMU. AHAIUTHYECKHE Pe3y/IbTaThl
3aTeM peanu3ylTcss B KoMmmbloTepHoM mporpamMme FORTRAN st 4ucleHHBIX pe3ynbTaToB. Pe3ympTaThl. AHalIUTHYeCKHe
MOM€eNH [JIsi YeThIpeX KPUBOJIMHEMHBIX KOHPUIypauui V-OUIIONBHOM aHTEHHbI, a TAKXe pPe3y/lbTaTbl BBIYHUCIEHMH OIS UX
BXOAHBIX M paJiMallHOHHBIX XapaKTePUCTUK. 3aKaodeHHe. [TomyuyeHHbIe pe3ylbTaThl BBIYUCIEHUH MOKA3bIBAIOT, YTO C TOYKH
3peHHsI MAKCUMAJIBHO JOCTHXHMOMW HATPABIEHHOCTH M BO3BPATHBIX MOTE€Pb HAUITYYIIUMH SIBIASIOTCSA KOHUTYpALUK ¢ 060UMU
W30THYTHIMHU IUIEYaMHM; 32 HUMU CJIeAyIoT o6brdHble V, Bbimykible Nu (OHO I1e40 3arHyTO BHYTPb) ¥ BorHyTeie Nu (0gHO miedo
3arHyTO HAPYXY).

Kniouesvle cnosa - KpUBOIMHEHHAsI AUIONbHAS aHTEHHA; MAKCHMaJlbHasl HAIIPABIEHHOCTD; METOJ, MOMEHTOB; KOHQUTypanuuu
aHTeHH NU-[UII0JIb; BO3BPATHBIE IOTEPU.
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