A compact
multiband
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In May 1982 | published a shart note in Pat
Hawker's - much-missed RadCorm column
Technical Topics. It described an improved
form of the wenerable GBRY multiband
dipole. Since then my viarsion of the antenna
has become known as the ZS6BKW, from
the callsign | held in those days.

The ZS5EBKW antenna will prodoce
a better than 2:1 VSWR on parts of five
amateur bands (7, 14, 18, 24 and 28MHz).
There is no similar antenna that is not based
an similar principles, or that does not include
traps that achieves such performance. How
it does this was described, in some detail,
in the August 1985 RadCom [1] and then
in considerably more detail in a professional
journal 121 some two years later,

The key to how the antenna and its
matching system behave is the Smith Chart
[which fs discussed in this month's Antennas
— Fd] whereas optimisation of the antenna's
performance requires & computer. In the
early 19805, and therefore well before the
general availability of the powerful Method
of Moments computer programs (such as
MEC and then, more recently, MININEC,
EZMEC and others), it was necessary io
write special-purpose. programs 10 analyse
the GSRV configuration and then, from those
results, to have another program synthesise
the ZSBBEW with its much-improved
performance, Many lines of code, written in
BASIC, achieved both, albeit when running
overnight on a2 computer that looked more
like a very large domestic appliance than
the sleck laptops and other devices we're all
familiar with these days

Since then, the ZS6BKW has been
replicated by many amateurs around the
world and it has also attracted the atiention
of certain manufacturers of wire antennas for
the amateur market. Their price tags alone are
fascinating! The behaviour of this antenna in
the real world, where various losses all play a
part, was examined in an article published in
2014 [3]. Notsurprisingly, a well-constructed
FSEBEW. when used on its intended bands,
comes out of it rather well. However there
is one shortcoming that still remains: the
antenna’s size. In a mare fecent RadCom
article [4] | pointed out the disadvantages
of erecting the ZSEBKW as an inverted-V
as opposed to its intended configuration as
a horizontal antenna. Saving one pole and
a hit of space causes severe degradation of
the radiation pattern, with most of the energy
being wasted at high angles on those bands
where, for DX purposes, the dictum is the
lower the radiation angle the better.

PHOTO 1: The antenna in position prior to testing.

| also became aware of attempls to
reduce the size of the ZSEBKW by following
the lead of the so-called half-size GSRV or
GSRVr. - As you might expect, a5 soon as
one halves the lengths of the antenna and
its special matching section of ransmission
line as a space-saving measure, the number
of bands covered reduces foo. Instead of just
compromising the 40m  performance, as
those behind the half-size version obviously
expected (and presumably accepted), it
turns cut that both the 17m and 12m bands
actually disappear too, leaving just part of
the 20m and 10m bands for deing anything
on. That's hardly a useful solution.

Bobtails and other animals

In 1948, when amateurs were once again
designing and building their stations after the
long years of prohibition throughout the war,
many new and sometimes unusual antennas
appeared as well. One of these was the
Bobtail Curtain, first described by WEBCX.
It consisted of three vertical'wites, the centre
one of which was fed at the bettom via a
suitable matching network, The outer two
vertical conductors were each separated by
a guarter of a wavelength from the central
one and they were top-fed by the horizontal
sections of the antenna spliting left and
right from the central conductor, The Bobtail
Curtain is shown in Figure 1. It gave me
an idea: to let the ends of the horizental
ZSEBKW drop vertically at two  points
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equidistant from the centre of the antenna

the point at which it is fed through its
speciadl transmission line matching system,
Buf that's where the similarity Between the
Baobtail and the inverted-U — which is what
the new Z56BKW becomes — ended. Finding
those two points where the wires dropped
vertically turned out to be remarkably quick
and easy with EZNEC, the superb program
developed: by W7EL based on the NEC 2
computing engine.

The starting point was the conventional
ZSEBKEW (see Figure 2) with dimensions that
have been shown to be just about optirmum
both on the computer and in practice. To
recap, the antenna flat top' is L1, while
the length of the series-section matching
line is L2 {with its characteristic impedance
72). Both of those lengths, L1 and L2,
and the value of 2, are the key elements
in the design of the ZS6BKW. | began the
analysis of the compact inverted-U version
with all those values unchanged. Since we
require the new antenna to radiate as well
as possible an its intended bands there must
be a significant horizontal length of wire,
carying: maximum current, to produce the
necessary near-vertical incidence skywave
(MVIS) radiation on 40m, the band where
that mode tends to dominate for most short
skip contacts. It is, though, just as important
to-ensure that it radiates at a reasonably low
angle an all the higher frequencies, which
does not happen when this type of multiband
antenna is used as an inverted-V.
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Computer simulation

lo achieve optimum NYIS performance on
7MHz, the horizontal part of the antenna must
niot be maore than a quarter of a wavelength
above ground. This is to prevent a null
forming in the vertical radiation pattern. Thus
the maximum height of the new antenna is
around about 10m. To achieve the largest
current moment (the product of current and
wire length) in that horizental section of the
antenna means that the points at which the
ends of the antenna drop vertically must not
be too close together. For my first pass in the
computer anaiysis | chose these o be the
mid-points of each of the dipole arms. Since
the horizontal ZS6BKW was more than 28m
long, this produces a significant reduction
in size. | left both the length of L2 and its
charactenistic impedance 22 unchangad.
The camputer results, in terms of both the
impedance match and the radiation pattern
across the bands, looked very promising and
plotting the data on the Smith chart proved
even more enlightening. It was clear that the
value for Z2, which had proved to be ideal
far the conventional horizontal ZS6BEW, was
just about optimum for this new form of the
artenna as well, This was most useful since it
made the erection of an existing antenna in'a
more confined property very straightforward.

Another practical (and  safety-related)
consideration now came into play. The ends
of the two vertical sections of the antenna
should be high enough above the ground
so-as not to pose a shock hazard to anyone
coming into contact with them because the
ends of all open-ended antennas may carry
high voltages. | arbitrarily set that minimum
height as 2.5m, This immediately meant that
the two vertical conductors would be 7.5m
long given the 10m height of the antenna.
[Note that tall people: might shill be able
to touch the end of a wire at that height
— Ed]: Another EZMNEC simulation, taking
full account of the real ground beneath
the antenna, soon showed much promise,
The Impedance match was good on all the
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PHOTO 2: Measuring the matching section.

bands where the ZS6BKW maltched with
just the optimum matching  frequencies
being slightly high. |n addition, the predicted
radiation patterns on each of those bands
were excellent: near ideal NVIS performance
on 40m while, on all the higher bands, low
angle radiation was produced.

A new compact multiband antenna

The anténna that resulted from the EZNEC
exercise is shown in Figure 3. 1t will be
seen that the length of the horizontal top
section has been increased just slightly fo
14.2m overall, with sach of the wertical
sections being 7.5m. The matching section
2 was initially exactly the same as it was
in the conventional ZS6BEW. It should
be noted that the velocity factor (VF} of L2
must always be faken inte account because
the: physical length of a transmission ling is

always less than its electrical length, the two
being related by the velocity factor (VF). Thus

L2 = MF % 120 In the: simEiatons
described here, VE was assumed o be unity
hence the physical length and the electrical
length of L2 are the same. EZNEC aliows
the VF o be included and if other values
are inserted in the program then L2 must
be adjusted accordingly. Wt should also De
appreciated that all antennas are affected by
the environment in which they oparate, In this
case it's the proximity of the ground that is
the major factor to take into consideration.
The experimental results discussed later will
make this clear. They will also show the

Brian Austin, GOGSF
Abkaustin @acl.com
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FIGURE 3: The new compact multiband antenna with its shortened 14.2m top and 7.5m ends.
Details of the matching section L2 and Z2 are discussed in the text,

steps that may need to be taken fo correct
for slight variations in matching in particular
installations,

Antenna gain, efficiency and
radiation pattern

All these parameters are closely related. Gain
i5 a measure of the power radiated by an
antenna in a particular direction, or directions.
It includes the effect of all losses. Radiation
efficiency is the ratio of radiated power to the
pewver fed into the antenna while the radiation
pattern is the shape of the resulting radiated
lobes of energy or field strength. Clearly
this involves the concept of directivity and,
unsurprisingly, there is a simple relationship
between antenna gain and directivity, Gain
G and directivity D are directly proportional
to ong another, being related by G = 1D,
where 1 i5 the radiation efficiency given by
the rafio of radiation resistance R to the
tatal resistance presented by the antenna
to its feedline. Thus w = R, / R, where
By = Ry + R and B, is the loss resistance
at the antenna’s terminals made up of both
conductor loss and any other losses induced
by the ground and ebjects nearby.

When constructed of copper wire and
ergcted about & quarter of a wavelength
above the ground at its lowest frequency, the
antenna’s efficiency will be high on all its
matched frequencies. As a result, miost of the

TABLE1: Gain and radiation angles from
Band Gain (dBi) Azimuth
TMHz 4.4 Bmnl
14MHz BT 40
18MHz 36 90°
24MHz 4.9 80"
28MHz 6.0 55°

power fed fo it will be radiated. The radiation
pattern will naturally change from band to
band because it is related to the distribution
of current, in amplitude and phase, along the
antenna conductors.

On 7MHz the herizontal top section is
almost exactly one third of a wavelength
long and the antenna looks like an end-
lpaded short dipole. The curent reaches its
maximum amplitude within that top section.
Hence maximum' radiation occurs from the
horizontal part of the antenna in a broadside
direction. By contrast, very little radiation
takes place broadside fram the two vertical
sections because their cuments are of equal
amplitude but are out of phase and so the
fields they produce cancel mach other in
that diraction. However there is a significant
change of phase between the fields produced
by those vertical sections in a direction along
the. horizontal conductor and this |eads
to radiation essentially off the ends of the
anlenna. As a result, the horizontal radiation
pattern is almost circular, being wvertically
polarised off its ends and horizontally
polarised broadside to the anténna. The
elevation pattern has a single broad lobe with
its maximum close to the zenith or directly
overbead, This is ideal for NVIS.

At higher frequencies the current
distribution changes from band to band and,
as a result, s0 does the radiaticn pattem.
Table 1 shows the gairn and angles of

radiation of the major lobes on all the
bands on which the antenna produces an
acceptable impedance match.

The azimuth angle is measured with
respect to the direction of the honzontal wire
while the elevation angle is with respect to the
ground. It is clear that the antenna produces
reasonable gain on all bands while of special
interest is the fact that on all the higher
frequency bands the radiation is at a relatively
low angle relative to the horizon. This is
quite unlike the situation when the ZSEBKW
(and GBRV) are erected in the inverted-V
configuration, as menticned previously,

The 14MHz case is particularly interesting.
The antenna actually performs as an end-
fire array by producing two broad lobes off
its ends with their maxima at 407 to the
wire at either end. There are also two fairly
deep nulls broadside to the antenna. Much
less radiation is produced by the horizontal
portion of the antenna because of phase
canceltation that eccurs along its fength.
By contrast, the two vertical end sections,
though carrying currents almost out-of-phase
with each other, are sufficiently far apart for
there to be a significant reinforcement of the
fields radiated in those end-fire directions.
It should be noted, too, thal the vertical
elements are fed at the top, which means
that no radials wires are needed at ground
level to achieve this low-angle perfarmance,
The fields are vertically polarised, as we
would expect, while the horizontally-
polarised component is some 10dB weaker,
This rather fortuitous situation leads to the
very acceptable low angle of radiation of
just 157, This would not have been the case
had the radiation been horizontally polarised
because the conductor responsible for it is
too close to its image in the ground with its
oppositely-directed current leading to virtual
cancellation of radiation at low angles. A
similar though less pronounced effect occurs
at 2Z8MHz. On 18 and 24MHz the radiation
is horizontally polarised and has its maxima
broadside ta the horizontal conductor,

To emiphasise the advantage this compact
antenna has over the inverted-y form of the
ZSEBKW/GSRY at 14MHz, Figure 4 shows
the radiation patterns of both antennas in the
elevation plane. The lower trace is that for
the compact antenna. it will be noted how
the inverted-V version radiates predominantly
towards the zenith where the energy is,

band to band. TABLE 2: Comparison between the VSWR readings of the
Elevalion bm:: antenna analysers,

2 Analyser 1 : i

7 1 (MHz) 68 - Aliy 17 SGaMe.  2pa
b VSWR 1.7 ¥ SEC S 15
%3 Analyser 2
15° f (MHz) B9 143 178 248 286
15° VEWR 113 15 1 2.2 1.5
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essentially, lost. By contrast, the compact
antenna produces its maximum gain at
just 15° above the horizen and has a2 gain
advantage, in some directions, of as much as
9dB over the inverted-V at that low elevation
angle, which is ideal for DX operation.

The experiment

As always the crucial test of any fanciful idea
is the:practical assessment of its performance
and an experiment to do this was a specific
requirement of the design exercise, Carrying
out such tests requires adequate space fo
erect the antenna-under-test (AUT in the
jargon) so that it is sufficiently far from other
objects and structures that might compromise
its performance. This includes the means
of supporting the antenina, Fortunately the
computer is able to shed some light on that
before one actually gets down to physically
erecting the antenna. Supporting  masts
are simply included in the EZNEC model
along with the antenna. After doing this it
was discovered, unsurpnsingly, that there is
significant coupling between the two vertical
wires and any parallel conducters such as
poles or masts nearby, The effect of this
is most noticeable at 7MHz, while being
substantially less so above that. Clearly,
this is a mutual impedance issue betwesn
the curent-carrying wvertical conductors
and the nearby conducting masts which, in
practice, may only be a very small fraction
of a wavelength away. As the frequency is
increased those distances now  become
larger, in wavelength terms, and the coupling
i5 proportionately less. As one would expect,
a quarter wavelength mast, 10m long, with
its lower end buried in the ground in the
normal way would couple most strongly
because it is close to being resonant.

The solution is obvious. Use non-
conducting masts {trees might be ideal), ar
insulate the mast from the ground by one
means or another, especially if the mast is of
near-resonant length at the lowest frequency
on which the antenna operates. Since all this
depends on personal circumstances no hard
and fast rules can be laid down other than to
warn that conducting supports, close to the
antenna, may upset its performance.

For the experiments described here the
antenna was erected between two telescopic,
non-conducting poles with its centre held
aloft about 9. 5m above the ground on another
telescopic insulated pole {see Photo 1). The
twor vertical wires were anchored to the
ground, directly beneath the ends of the
horizontal wire, by means of two ground
stakes. The fransmission line matching
section, L2, was constructed as an open-
wire line using insulated copper wire with
spacing between the two conductors chosen
o achieve a characteristic impedance 22 of

FIZURE 4: Comparison between the compact antenna and the full-size inverted-V form of the ZS6BKW
on L4MHz. The lower trace shows the much lower radiation angle of the compact antenna.

approximately 4000, Careful measurement
indicated that it was 3880 which was
guite acceptable, As important was the
line's velocity factor (WF), which was also
measured (see Photo 2). The average value
frar a number of measurements was found
to be very close to 0.9, This was therefore
the factor by which fhe original 13.4m
electrical length of L2 was to be reduced in
order to produce the best impedance match
(and hence VEWR) on the five Bands,

With the antenna pulled up to the
maximum height of 9.5m, measurements of
the impedance and VSWR at the input of L2
were made using an antenna analyser. Since
two analysers, from different manufacturers,
were available, it was a useful exercise to
compare their readings. Table 2 shows those
measured results.

Based on these resulls séme further
analysis was done on the computer By
madelling the actual antenna as closely as
possible and paying specific attention o
its actual height above ground, the results
stiown in Table 3 were obtained.

Allowing for the facts that the analysers

were not specifically calibrated before use,
the EZNEC model did not include any
greenhouses and sheds beneath the antenna
and that the assumptions made about the
ground conductivity and permittivity may not
have been wvalid for the particular test site
in the Cheshire countryside, the agreement
betwesn the three sets of data is reasonable:
It is apparent that the optirum frequencies
are all slightly low relative to the low frequency
limits -of the wvarious amateur bands. This
can be corected easily by making a slight
adjustment to the length of the matching
section L2, Shortening it by a few tens of
mm at a time, and re-measuring the VSWR,
will meve thase optimum fraquencies higher.
The predicted results shown in Table 4 were
obtained with a physical length of 12m for
L2, based on its measured velocity factor of
0.9. This is eguivalent to-an electrical length
of 12/0.9 = 13.3m, just slighthy shorter than
the 12.4m used crginally in the computer
model.

Only the 24MHz band fell outzide the 2:1
VEWR targel, though just marginally. Attempts
to move it towithin the 2:1 VSWR circle on the

TABLE 3; EZNEC predicted results of the compact antenna.

f (MHz) 70 e

178
VEWR 14 1.3 18

245 28.5
15 16

TABLE 4: EZNEC results for the modified antenna (top = 14.2m and ends = 7.5m at
9.5m height; L2 = 12m with VE- =109 and 72 = 3880)),

f (MHz) 2.3

VSWR 1.4 = 1S

il o

24.9 29.0
2.2 1.4
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Smith Chart by adjusting L2 resulted in some
of the other frequencies being compromised.
However, most modern transcelvers contain
limited-range automatic anfenna  tuners;
this marginally higher VSWR will easily be
handled by that intemal (or external) ATU and
the full output of the transceiver should be
realised. Matching on the ether bands should
not require the use of an ATU at all.

The need for a balun

This antenna, as well as its malching section
of open-wire line, are electrically balanced,
whereas the 500 coaxlal cable generally
used to connect that line to the transcemver
is not. This means that it is advisable to Use
a balun between them. A 1:1 current balun
is required and many suilable designs are
available in the various handbooks and also
online. One of the best is seen at [8].

On air performance

Amateur radio in the 219 century functions
alongside a proliferation of tools’ mostly based
on, or involving, the computer. One of those,
which happened to be available at the test
site (25 was a convenient 100W transceiver),
was the Revarse Beacon Metwork [6], which
provided almost instantangous responses

from suitably-equipped stations that received
pur test transmissions, NVIS propagation on
7MHz clearly favoured Europe while on both
14 and 1BMHz (the only other bands that
were ‘open’); numerous reports came in from
north America as well as some more exotic
plates such as Iceland. Given appropriate
ionospheric conditions, @505 are always
possible. This compact multiband antenna
immediately proved its worth and showed
that it radiates at angles suitable for both
MVIS a5 well as DX contacts on the higher
bands.

Conclusions

This compact GOGSF version of the ZS6BKW
antenna is an excellent compromise for those
who (like the author) do not have the space
to erect the full-size horizontal antenna. Even
miore important, though, is the impravement
that results when compared with an
invertedY form of the ZSEBKW or the GERV.
This new compact antenna actually "knocks
spots aff” its inverted-V rivals.
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Construction of the multiband dipole

Feeder Section

Brian Austin, GOGSF modified the design of
hig ZS6BKW antenna to produce a cormpact
multiband version, described on the préceding
pages. As President of Chester & District Radio
Society, he suggested that it would be a useful
and interesting exercise to build and trial such
an aerial and it was agreed that the Socisty
would do so.

The horizontal and vertical sections wera
simple enough to make from two lengths
of wire 14.6m long, each terminated in &
soldered ring terminal. The matching section
of open wire feeder, the L2 section of the
aerial, was more challenging. According 1o
the design parameters, the impedance of the
feeder needed to be about 4000 so it was
pecessary to calculate the required spacing
between the wires of the feeder, which is
dependent on the diameter of the wire used.

Maech 2015

We developed a spreadsheet to give a guide
to the required spacing in both tabular and
graphical form; Figure 1 shows the resulting
graph. For the aerial under construction, a
spacing of 20rmm was chasen.

The material for the spacers was plastic
strip 20mm wide and 3mm thick, purchased
from a local hardware supplier. Two 2m
lengths were cut into 40mm sections. Past
experience had shown that fixing the spacers
in position could be diffieult. It was decided
that this potential problem could be overcome
by drilling two holes in the spacer for each
wire and passing the wire through the first
hole from the back of the spacer and then
back though the second hole from the front
of the spacer. Using this method the spacer is
held firmly in place.

Having cut the two 2m long plastic strips

into fifty 40mm long spacers it was necessary
to drill the four holes in each spacer to
accommodate the wire of the feeder and lock
the spacers in place. A jig, the same size as
the spacers (40mm x 20mm), was made in
aluminium and the four holes of a diameter
suitable for the wire of the feeder were
accurately measured and drilled. Using this
jig it was fairly simple-to drill three spacers
at once. Figure 2 shows the constructional
details.

The theorctical length of the feeder was
calculated as 13.4m, assuming a velocity

Bruce Sutherland, MOCVP

rgmail.com
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Technical

PHOTO 1: General view of the
feeder under construction.

PHOTO

Z: Close-up of haw the f
grey dipale wires via a small piece of Paxalin (SREP) board.

a-"'-"":"-'.r _. . i
peder (bottom) meets the dark

GO0 Wire
diameter,
mm
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< 400
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g a0 —==
E 2.0
200 —32.2
-2.4
100 -2.6
10 12 14 165 18 20 22 24 26 28 20 32 34 3B 3% 40 42 44 46 4B 50 —2.8
Spacing, mm — 3.
FIGURE 1: Graph of balanced line impedance vs spacing for various wire diameters. A spreadsheet of this data is available on request.
factor of 1. To make the feeder to be used in the frial two lengths of I 40mm
wire each 1dm long were used, with the intention of timming it to the | [
required length when conducting the trial. The previously made spacers R o L&)
were then threaded onto the two wires of the feeder as described earlier ¢ S o L
to lock thern in place, with care being taken to ensure that they were !
spaced along the feeder at intervals of about 300mm. This procedure Feeder ol
is-fairly time consuming but not difficult and is seen in Photo 1. The wires < c Feeder
ends of the feeder wires to be attached to the aerial ‘centre’ were ] )/\“' i o wire
; ; ; £ o - Spacer /
terminated with soldered ring terminals, permitting a simple connection 1
1(‘:.' the aengl top._as shown in Photo 2. This _afsu permitted simple = e 20mm ¢mmm
disconnection to isolate the feeder when the time came to measure 1O _i o
the actual characteristic impedance (£2) and velocity factor. 22 was i U o 0
measured and found to be 3880 by using the standard technigue of . |
finding the input impedance with both shart and open circuit loads and | T -
taking the square root of their product, This process is made easier if the IR b ' ; Smm
line s about one eighth of a wavelength long. The velocity factor was | 20mm Slde view
measiured and found o be very close to 0.90 f prm
One end of the feeder was connected o the antenna with the other E : FIGURE 2: Saddle construction details.
end free for connection to an antenna analyser as the trial proceeded. Ot uIEe
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