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Abstract

The radiation characteristics of Hentenna is the objective
of this paper. Furthermore, the analytical study of antenna
pattern, as well as, the simulation results for both electric
and electromagnetic characteristics (Input Impedance, Stand-
ing Wave Ratio SWR, Antenna Pattern and Directivity) are pre-
sented. A thorough research using 465 simulation models, in
which the Hentenna's total dimension and the position of its
feeding segment are the variables, proves that Hentenna is an
extremely narrow band antenna. Thus, the investigation was
directed not only to SWR minimalization, in terms of three
most commonly used transmission lines of characteristic im-
pedance  50-75-300 Ohm, but also to operating bandwidth im-
provement under  an almost invariable antenna pattern. Four
experimental Hentenna models were finally selected and con-
structed. Their antenna patterns were measured in an anechoic
chamber and the measurements were found to be in good agree-
ment with the analytical and simulated results. 

Keywords

Antenna  pattern,  antenna  analysis,  antenna  simulation,
antenna measurements

Introduction

In 1996, Kinoshita repor-
ted  that  Hentenna was  in-
vented and evolved through a
series of experiments carried
out  by  Japanese  radio  ama-
teurs-JE1DEU, JH1FCZ, JH1YST-
during the 1970s, and he pre-
sented the Hentenna shown in
Fig. 1,  which is considered

in  this  paper  as  the  Basic
Hentenna [1]. This antenna is
a  rectangular  loop  antenna
having  λ/6  width  and  λ/2
height,  that  is  of  a  total
length 4λ/3, and an additio-
nal, centered fed horizontal
segment,  the  Voltage  Source
Segment VSS, which  is posi-
tioned at a distance of  λ/6
away from the short side. No-
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tably, in  many other refer-
ences,  e.g.  [2],  this  dis-
tance equals to λ/10. Accord-
ing to the available informa-
tion from radio amateurs, the
exact position  of this ele-
ment  is  the  main  factor  to
achieve low SWR operation.

The antenna was named af-
ter the word "Hen″ which, in
Japanese,  means  ″strange″.
Strange because, although it
seems  to  be  a  vertical
antenna, its polarization is
horizontal. 

The Hentenna was examined
by the authors during an EECE
diploma  thesis  preparation
[3]. The main available tools
for  this  study  were:  the
antenna theory [4], the [Rad-
Pat4W]  computer  program  for
antenna  patterns  [5]  the
[RICHWIRE] simulation pro-
gram [6] and the mini-Suite of
software tools [7]. Since this
is a plane antenna having a
simple geometrical form, the
analytical  representation  of
antenna pattern,  as well as
the simulation and construc-
tion are  all easily attain-
able.  Moreover,  its  public
characterization as ″Miracle″
wire antenna, along with the
easy way  of input impedance
matching improvement, by mov-
ing up and down the VSS, were
interesting enough reasons to
check, both analytically and
by simulation, the behavior of
this antenna, as well as, to
measure its antenna pattern.

Twenty Hentenna models were
simulated by varying  a) the
position of VSS, and b) the
total antenna length, in or-
der to reveal and certify its
rather narrow band operation.
Four (4) of them were chosen
to be constructed as experi-
mental  models  of  which  the
antenna pattern was measured
on the three main planes xOy,
yOz, zOx in anechoic chamber
using  the  computer  applica-
tion  ANALYZE  for  automated
measurements developed by the
Antennas Research Group, [9].
These measurements were com-
pared with corresponding sim-
ulation output and the avail-
able analytical results [3]. 

Fig. 1: The Basic Model

The  first  model  was  the
Basic Hentenna [1], which we
named  as  ″B-Hentenna″.  The
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in  general  are different.
This current arrangement re-
sults in a maximum SW antin-
ode on the top, at the center
of the segment between 2 and
3 points, as well as, on the
bottom,  between  7  and  6
points,  respectively. Corre-
spondingly,  two  overlapping
SW  antinodes  with  the  same
direction exist at the driv-
ing point on the VSS, between
8 and 5 points. 

Thus, 4 SW currents exist,
as it is shown in Fig. 2, be-
tween points: (a) 1, 2, 3 and
4, (b) 1, 8, 5 and 4, (c) 8,
7, 6 and 5, and (d) 8 and 5
where the  voltage source is
located.  Our  selection  is
that this (d) current has the
direction  of  the  voltage
source so that the direction
of all other currents result
in as shown in Fig. 2, while
the sum of currents on VSS is
obviously SW current too. The
antenna is considered on zOx
plane, as it is shown in Fig.

3, in order to express Ǟ us-

ing (2). We observe that, in
this way, the Hentenna is an-
alyzed as follows: three  λ/2
dipoles of Π type are formed
by triples  of segments: (5,
1, 10), (6, 2, 9), and (7, 4,
8)  and  one  straight  line
dipole of  segment 3 itself,
with  each  segment  length
equal to λ/6. 

In Fig. 3, the arrows in-

dicate  the  direction  of  ℓ⃗


for  each  segment,  and  the
dotted circles at 1, 4, 5, 8
points  correspond  to  zero
current values or current SW
nodes. For each segment 1 - 10
four  quantities  are  needed:
the  length  of  its  starting
point  ℓA , the length of its

end  point  ℓT ,  the  position

vector of its center R⃗k , de-

termined by 

R⃗kν
= O⃗Aν – ℓAν

ℓ⃗
 ν

(4)

as if it was part of the cor-
responding line of λ/2 length,
and its unit direction vector

ℓ⃗

, with its direction to be

from  ℓA  to  ℓT  in  all  seg-

ments.  All  these  quantities
are contained in Tab. 1a,b.

Fig. 3: 10-segment analysis
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After  the  evaluation  of
the  definite  integral  for

Pattern Factor ṖF  using (1)-
(3)  [3],  [8],  the  antenna
pattern of each one of the 10
segments was formulated, and
by applying the law of super-
position  the  total  antenna
pattern is given by

Ǟ=∑
ν=1

10

[Ä̇νθ

Ä̇νφ
] = [Ä̇θÄ̇φ] = Ä̇θ θ⃗


+ Ä̇φ φ⃗


=

=(Äθ
R
+iÄθ

I
)θ⃗


+(Äφ

R
+iÄφ

I
) φ⃗



(5)

which is our working analyti-

cal expression of  Ǟ for the

Basic B-Hentenna.

Simulation

The simulation process was
carried out using the  [RICH-
WIRE] program  for  the  elec-
tric and electromagnetic cha-
racteristics:  SWR  and  Input
Impedance, Directivity and An-
tenna Pattern,  in the range
[900, 1300] MHz, including the
chosen center operating fre-
quency  of 1111 [MHz]  or  λ =
0.2700 [m], in 10 [MHz] steps,
and wire radius of 1 [mm].

Fig. 4  shows the antenna
pattern  in  the  three  main
planes of the Basic Hentenna
at 1111 [MHz], both from sim-
ulation and analysis, and it
is obvious that they are in
good agreement. 

While these results refer
to a work done back in 2004,
a closer look  now, 14 years
later,  reveals  that  the
″strange″ name given  in the
past to this antenna may be
hidden in the form of summa-
tion (5) - but this is a sub-
ject  of  further  investiga-
tion. 

In order to  simplify the
geometric description of Hen-
tenna a computer program was
developed in Fortran to built
the input file for [RICHWIRE]
[3]. The input data were: fre-
quency in [MHz], height  and
width  of  the  outer  loop  in
[m] and two integer values: K
and N, for the number of λ/6
subdivisions of each segment
and for the VSS position re-
spectively. As the value of N
increases  the  VSS  moves  up
until the middle of the ver-
tical sides due  to symmetry
of the antenna, and when that
limit is exceeded  a message
appears  on  the  screen.  The
numbering  of  points  starts
from VSS in order the voltage
source  to  be  always  in  the
first segment.

The antenna wire was ini-
tially divided in  λ/12 seg-
ments  and  then  in  subdivi-
sions of λ/6. The total num-
ber of 108 segments of  λ/72
length, was selected for the
simulation,  after investiga-
tion with  18,  36,  72, 108,
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144, 180, 216, 252, 288 up to
324 segments of length  λ/12,
λ/24, λ/48, λ/72, λ/96, λ/120,
λ/144,  λ/168, λ/192, down  to

λ/216  respectively,  because
the  above  mentioned  charac-
teristics  were  almost  un-
changed  after  the  108  seg-
ments of λ/72 length. 

Τ  ab. 1a:   Geometrical Data

# ℓA ℓT R⃗k βRk
r

h

x⃗


z⃗


1 –
λ

12
0
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λ

12
0 –

λ

12

3 –
λ

12
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λ

12
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λ

12
0
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λ
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*
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Τ  ab. 1b:   Geometrical Data

# ℓ⃗


ℓ

r ℓ


θ

ℓ

φ

1 –x⃗


–sinθcosφ –cosθcosφ sinφ

2 –x⃗


–sinθcosφ –cosθcosφ sinφ

3 –x⃗


–sinθcosφ –cosθcosφ sinφ

4 –x⃗


–sinθcosφ –cosθcosφ sinφ

5 +z⃗


cosθ –sinθ 0

6 –z⃗


–cosθ sinθ 0

7 –z⃗


–cosθ sinθ 0

8 +z⃗


cosθ –sinθ 0

+z⃗


cosθ –sinθ 0

10 –z⃗


–cosθ sinθ 0

Fig. 4: Antenna patterns in 1111 [MHz] of B-Hentena
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Although the B-Hentenna was
designed for 1111 [MHz] oper-
ating frequency, its Standing
Wave Ratio SWR shown in Fig.
5, had a minimum value at the
rather distant frequency of
1260 [MHz] for a feeding line
of either Z0 = 50 or 75  [Ω],
while its input impedance (R,
X) is shown in Fig. 6. In this
figure although we observe a
rather  wide  flat  of  resis-
tance R ≈ 65 [Ω] unfortunately
enough the reactance X varies
almost linear with  frequency
in the range (–300,–100) [Ω].

After  these  results,  the
investigation focused to find
the proper position of VSS in
order to achieve, at least in
simulation,  the  lowest  SWR
near  the  desired  operating
frequency. Thus, 18 variations
of the Basic Hentenna with H = 

λ/2 and W = λ/6 (Fig. 1) were
examined regarding the posi-
tion of VSS: from λ/72 above
the bottom with step λ/72, up
to  18λ/72 = λ/4 away. Fig. 7
shows six selected represen-
tative geometries where  d
equals to λ/72, 3λ/72, 7λ/72,
12λ/72 = λ/6, 15λ/72 and 18λ/72
= λ/4. The lowest value of SWR,
for both 50 and 75 [Ω]  line,
is observed to be at 7λ/12 ≈ 

λ/10,  that is, the same one
mentioned in [2]. In Fig. 8
the  corresponding  antenna
patterns are  shown while in
Fig. 9 Directivity is almost
constant,  changing  slightly
from 2.94 to 3.33 dBd. Fig.

10 shows SWR and Fig. 11 the
input  impedance  against  the
distance  of  VSS  from  Hent-
tenna's bottom. 

In this way, the model with
d = 7λ/12 was named M-Hentenna
and was further studied. Sim-
ulation  has  given  the  SWR
shown  in  Fig.  12  and  input
impedance  of  Fig.  13,  with
R ≈ 65 [Ω] and X ≈ 0 [Ω] at ~1111
[MHz]. The antenna pattern of
M-Hentenna  at  1111 [MHz]  is
very close to that of the B-
Hentenna, as it is shown in
Fig. 8. The bandwidth of this
antenna, as it is defined by
SWR ≤ 2 is just ~40 [MHz], that
is only ~3.5% for 50 [Ω] line
and  just  ~50 [MHz],  that  is
only ~4.5% for 75 [Ω] line.

Thus, the next step taken
was  to  find  a  model with
greater bandwidth than M-Hen-
tenna. For this  purpose, 19
different from B- and M-Hen-
tenna models having  the di-
mensions shown in Tab. 2 and
variable  VSS  position  were
examined for minimal SWR and
maximal bandwidth. 

Tab. 2: 19 Hentenna models

W

H λ/12 λ/6 λ/4 λ/2 λ

λ/3 v v v v v

λ/2 v X v v v

3λ/4 v v v v v

λ v v v v v
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Fig. 5: SWR of B-Hentenna

Fig. 6: Input impedance of B-Hentenna
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Fig. 7: VSS in various d position

Fig. 8: Antenna patterns versus VSS position

Fig. 9: Directivity versus VSS position
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Fig. 10: SWR versus VSS position

Fig. 11: Input impedance versus VSS position
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Fig. 12: SWR of M-Hentenna

Fig. 13: Input impedance of M-Hentenna
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Tab.  3  contains  the  ex-
treme  value  of  SWR  for  Z0 =
50, 75 or 300 [Ω], and for all
20 Hentenna models 20 = 19 + 1
in 465 arrangements with va-
riable  the  VSS  position  d

(465 = 5 x (12 + 18 + 27 + 36),
where the results SWR ≤ 2 are
shown  with  red  color  and
their  corresponding  low  SWR
Hentennas are given  in Tab.
4.

Tab. 3:   Extreme values of   SWR

W

H Ζ0 [Ω]
λ

12

λ

6

λ

4

λ

2
λ

Min Max Min Max Min Max Min Max Min Max

λ

3

50 > 9 > 9 6.7 > 9 > 9 > 9

75 > 9 > 9 4.5 > 9 > 9 > 9

300 > 9 > 9 1.4 5.0 4.0 8.7 > 9

λ

2

50 4.0 > 9 1.5 > 9 3.1 > 9 > 9 > 9

75 5.1  > 9 1.3 > 9 2.1 > 9 > 9 > 9

300 > 9 4.5 > 9 1.9 > 9 3.4 3.6 4.8 > 9

3λ

4

50 5.6 > 9 2.7 > 9 > 9 > 9 1.9 > 9

75 8.3 > 9 2.8 > 9 7.5 > 9 > 9 1.3 > 9

300 > 9 7.1 > 9 3.3 > 9 3.0 7.0 2.7 > 9

λ

50 3.9 > 9 1.2 > 9 2.7 > 9 > 9 3.5 > 9

75 5.3 > 9 1.3 > 9 1.8 > 9 > 9 2.3 > 9

300 > 9 4.9 > 9 2.1 > 9 3.1 4.2 1.5 > 9
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Tab. 4: Low SWR Hentennas

H W d Other d

λ/3 λ/4 2λ/72

λ/2
λ/6 7λ/72:M 12λ/72:B

λ/4 11λ/72 13λ/72:I

3λ/4 λ 11λ/72:W

λ

λ/6 29λ/72

λ/4 24λ/72

λ 25λ/72

In Tab. 4, the gray back-
ground indicates the Henten-
nas which  were selected for
further investigation in the
frequency  range  [900,  1300]
MHz, as well as for construc-
tion and measurement of their
main-plane  antenna  patterns.
The geometric characteristics
of these  four Hentennas are
shown in Tab. 5.

The SWR  and input imped-
ance of these antennas are as
follows: 

B-Hentenna : Fig.  5,  Fig. 6

M-Hentenna : Fig. 12, Fig. 13

I-Hentenna : Fig. 14, Fig. 15

W-Hentenna : Fig. 16, Fig. 17

Tab.     5:     The     selected Hentennas

Model H W d

B-Hentenna λ/2 λ/6 12λ/72

M-Hentenna λ/2 λ/6 7λ/72

I-Hentenna λ/2 λ/4 13λ/72

W-Hentenna 3λ/4 λ 11λ/72

A comparison of four Hen-
tennas in terms of  Directiv-
ity is shown in Fig. 18, in
terms of SWR for 50, 75 and
300 [Ω], is shown in Figs. 19
-21 respectively, in terms of
plane antenna pattern at 900,
1111 and 1300 [MHz] is shown
in Fig. 22. 

Finally, Fig. 23 shows the
comparison  of  12  twelve  3D
antenna  patterns  in  space
corresponding to the four si-
mulated  Hentenna  models  in
the above 3 three min, center
and max frequencies, respec-
tively, while Fig.  24 shows
the  analytical  3D  antenna
pattern of Basic B-Hentenna,
especially. 

Constructions-Measurements

The  construction  of  the
four  experimental  Hentenna
models was made as follows.
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Fig. 14: SWR of I-Hentenna

Fig. 15: Input impedance of I-Hentenna
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Fig. 16: SWR of W-Hentenna

Fig. 17: Input impedance of W-Hentenna
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Fig. 18: Comparison of four Hentennas Directivity

Fig. 19: Comparison of four Hentennas SWR50
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Fig. 20: Comparison of four Hentennas SWR75

Fig. 21: Comparison of four Hentennas SWR300
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Fig. 22: Comparison of four Hentennas main-plane
antenna patterns
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Fig. 23: Comparison of 3D antenna patterns

Fig. 24: 3D Analytical antenna pattern of Basic B-Hentenna
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Initially,  a small  piece
of  photosensitive  board  was
appropriately  designed  and
printed, onto which a type-N
connector, a balun, and a VSS
were mounted  next, in order
to gradually assemble a feed-
ing system common to all four
experimental models, as shown
in Fig. 25(a-j).

Since  the  dielectric  of
the connector was found to be
not particularly resistive to
high temperatures, that is it
could  be  melt  damaged  when
either of  its terminals was
soldered, a pin removed from
an  RCA  male  connector  was
used  to  avoid  the  heat de-
struction  of  dielectric.  In
Fig. 25(a), this pin,  a fe-
male  type  N  connector,  a
piece of 2.5 mm thick copper
wire  with  adequate  length,
and a small piece of aluminum
foil are shown. The wire was
soldered in the pin and the
foil  covered  the  pin.  The
plastic  cylindrical  part  of
the pin was placed over them,
as  shown  in  Fig.  25(b),  in
order to form the hot termi-
nal  of  the  feeding  system.
Then, a ring of 1.5 mm thick
copper wire, with  diameter
equal to  the outer diameter
of  the  connector,  was  con-
structed  as  shown  in  Fig.
25(c). On this ring, a piece
of the same wire was verti-
cally  soldered,  as  it  is
shown in Fig. 25(d), and all

these were fixed on the con-
nector with its nut, as shown
in  Fig.  25(e),  in  order  to
form the cold terminal of the
feeding system. Next, the hot
terminal  of  Fig.  25(b)  was
mechanically  pressed  in  the
center pin of the connector,
as shown in Fig. 25(f). Then,
the  balun  was  constructed
with a  λ/2 piece of coaxial
cable  RG-174U  of  Z0 = 50 [Ω]
and velocity factor vf = 0.66,
as it is shown in Fig. 25(g),
and  a  piece  of heat-shrin-
kable plastic was  used  to
keep  the  balun straight  in
order  to  restrain  it  from
disturbing the Hentennas pat-
tern, as it is shown in Fig.
25(h). The balun and the con-
nector  terminals  were  sol-
dered to the printed board in
an appropriate way,  that is
vertically  to  it,  as  it  is
shown in Fig. 25(i), to com-
plete the feeding system con-
struction. 

Next, two pieces of copper
wire  were  also  soldered  in
their one end on the printed
board, left their other ends
open,  to  prepare  the  VSS,
e.g. as it is shown in Fig.
25(j) for the W-Hentenna.

Finally,  the  outer  frame
of each model was constructed
and  soldered  to  the  afore-
mentioned  two  open  ends  to
finalize one-by-one the four
experimental  Hentennas  shown
in Fig. 26. 
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(a)                     (b)

     
(c)                     (d)

     
(e)                      (f)

     
(g)                      (h)

     
(i)                      (j)

Fig. 25: VSS and Balun
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          B-Hentenna                    M-Hentenna

 

          I-Hentenna                    W-Hentenna

Fig. 26: Experimental Hentenna models

The measurement system was
consisted of a 50 [Ω] Vector
Network Analyzer external to
an  anechoic  chamber  [10].
Each Hentenna under test was
appropriately positioned as a
receiving  antenna  three  ti-
mes.  Each  time  was  azimu-
thally rotated around one of

its three main-axes, by using
a built 360° hardware devel-
oped  positioner,  which  was
software controlled by a de-
veloped program. The station-
ary transmitting source was a
UHF  standard  gain  antenna
[11].
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Fig. 27: Analysis, simulation,
measurements of B-Hentenna:

H = λ/2, W = λ/6, d = λ/6

Fig. 28: Analysis, simulation,
measurements of M-Hentenna:

H = λ/2, W = λ/6, d = λ/10
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Fig. 29: Analysis, simulation,
measurements of I-Hentenna:
H = λ/2, W = λ/4, d = 13λ/72

Fig. 30: Analysis, simulation,
measurements of W-Hentenna:
H = 3λ/4, W = λ, d = 11λ/72
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Fig.  27  illustrates  the
measurements of radiation in-

tensity U = E
2  in [dB] on the

three main-planes for the Ba-
sic B-Hentenna, along with the
corresponding  results  from
analysis  and  simulation  at
the center operating frequen-
cy of 1111 [MHz]. In Figs. 28,
29, and 30, a comparison of
simulation  and  measurement
results are shown for the ex-
perimental M-, I- and W-Hen-
tenna,  respectively.  Obvi-
ously, a very good agreement
in all  planes was achieved,
even for the wide W-Hentenna,
which had a strongly differ-
ent antenna pattern.

In Tab. 6 the main charac-
teristics of these four Hen-
tenna  types  are  reducibly
shown to the  operating wave-
length λ and by using system-
atic approximation as follows:

If 0 ≤ r is a result, with I =
[r] and F = {r} to be the In-
teger and Fractional parts of
it respectively, where I, F ϵ

ℕ{0}  and 0.F ϵ [0, 1), as
well as, I' = [r'] and F' =
{r'} similarly are the corre-
sponding parts of its system-
atic rounding r' = I'.F', then
our rounding to  the tenths,
is of the type ″to the near-
est″, and it is taken place
according  to  the  following
scheme:

(1): 0.F ϵ [0   , 0.25) ⇒ F' = 0 ∧ I' = I

(2): 0.F ϵ [0.25, 0.75) ⇒ F' = 5 ∧ I' = I

(3): 0.F ϵ [0.75, 1   ) ⇒ F' = 0 ∧ I' = I + 1

Tab. 6: Hentenna Types

B-Basic M-Minimal SWR I-Improved BW W-Wide

H [λ] 1/2 1/2 1/2 3/4

W [λ] 1/6 1/6 1/4 1

d [λ] 12/72 7/72 13/72 11/72

D [dBd] 3 3 2.5 2

SWR50  – BW %  13  –  5 1.5 – 3.5 3         2  –  2

SWR75  – BW % 9.5 – 6.5 1.5 – 4.5 2        1.5 – 4.5

SWR300 – BW %   6     4.5      2 – 13.5  3.5 –  2
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Conclusion

The fact that, although we
applied the proposed formulas
[1] to study a Basic B-Hen-
tenna for  operation at 1111
[MHz] we got the lowest SWR
nearly to the rather distant
frequency of 1260 [MHz], lead
us to search a more appropri-
ate position  of the Voltage
Source Segment  VSS in order
to low the SWR closely to op-
erating frequency, and it was
this  investigation  that  re-
sulted the Minimal SWR M-Hen-
tenna. 

After that, to further im-
prove the Hentenna character-
istics, 465 different models
of  it  were  simulated,  from
which an Hentenna of improved
bandwidth,  I-Hentenna  resul-
ted.

Finally, one additional
Hentenna  was  selected  out
from 465 models which it was
wider  both  in  height  and
width than the three previous
models, in order to study a
radically  different  antenna
pattern, the W-Hentenna. 

From  Tab.  6,  M-Hentenna
indeed possess the well known
in radio amateur cycles 3 dBd

Directivity and  the  lowest
SWR50,  while  I-Hentenna  has
the  largest  BW  but  with  a
minimum value of SWR300 at 1200
[MHz].

Corresponding to these Hen-
tenna types four experimental
models  were  constructed  and
their main-plane antenna pat-
terns  were  measured  in  an
anechoic chamber at the cen-
ter  operating  frequency  of
1111 [MHz]. These measurements
were found in good agreement
with  the  prediction  results
form analysis and simulation.

During this past Hentenna
study [3], we provoked a re-
lated discussion at the rec.
radio.amateur.antenna  news-
group of usenet [12], in or-
der to collect  various com-
ments  regarding  unpredicted
aspects of this subject.

The impression made out of
the contributors' remarks was
that  further  research,  con-
cerning mainly the analytical
determination of the antenna
pattern, is needed  and thus
this work was planned to be
one  of  the  authors'  future
activities.
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