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MARTIN - G8JNJ

ECLECTIC AETHER - ADVENTURES WITH AMATEUR RADIO

G8IJNJ BROADBAND HF VERTICAL ANTENNA - REQUIRES NO TUNER

The following notes show the design and construction of a Broadband HF Vertical antenna which does not require a
tuner, and which is capable of providing reasonable performance on all bands from 7MHz to 28MHz (reduced
performance from 3.5MHz to 51MHz).

It follows an extensive period of investigation with a Comet CHA-250 'style’

(http:/g8jnj.w ebs.com/cometcha250b.htm)antenna using a specially constructed 6:1 transformer. | tried and rejected many

other designs before finally arriving at this version.

Please note that this antenna will NOT out-perform a beam antenna at 100ft on the HF bands or a 260 ft long wire on
the LF bands - It works about as well as a 7m long vertical antenna can do !

| find this antenna particularly useful for HF beacon monitoring using Faros (http://w w w .dxatlas.com/Faros/) software,

WSPR (http://w sprnet.org/) personal beaconing or HF ALE operation using PC ALE (http:/hflink.com/softw are/) (most of

which are free).

You can compare the performance of this antenna against others, by taking a look at my transmit and receive signal
reports for various bands, which have been automatically logged on the WSPR database

(http://w sprnet.org/meptspots.php).

So if you wish to experiment and construct a fairly compact multiband antenna, that works moderately well, doesn't
require a tuner and can be built for less than £20 if you shop around for parts, this may be for you.

Folks considering making a G5lJ (http://w w w .gairney.plus.com/Radio/G5W_aerial.htm) antenna (which is not what it seems
as the concept is flawed, it's actually equivalent to a thick wire radiator fed via an impedance transformer, with the
coax acting as a counterpoise) or those using fishing poles, 4:1 baluns and remote auto-tuners may also be
interested in this design, which has minimal loss.

The principle of operation is that a specific length of radiating element is chosen so that it presents an average value
of impedance on most amateur bands. A special matching transformer is attached at the feed point to convert the
antenna feed impedance to something close to 50 ohms.

The antenna can be ground mounted or attached to an insulated pole, which will further improve the HF performance
(as shown later).

The graph below shows the measured VSWR of a 6.5m vertical wire antenna (supported on a 10m fishing pole) fed
against 10 buried radials, and terminated with differing values of resistive loads.
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The Red trace is with a 50 ohm termination, Yellow with 100 ohm, Orange with 200 ohm, Green 300 ohm and Blue
with 450 ohm. So the lowest overall VSWR is with a resistive termination impedance of around 200 to 300 ohms. The
two markers show the 1/4 resonant frequency (M1 at 10.5MHz) and the 1/2 wave resonant frequency (M2 at 21MHz).

If some additional loss through the transformer and approx 2dB loss through coax cable is factored in, and the
radiating element and radial system are fine tuned, it is possible to achieve a VSWR of less than 2:1 on most

amateur bands.

My improved transformer design still has some through loss, but it is much less than the original Comet clone.
This results in several dB improvement in antenna gain compared to the Comet version (A/B measurements made

with remote receiver).
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Graph showing loss through transformers. The Blue trace is the Comet clone and the Red trace is my improved

g8jnj.webs.com/broadbandhfv ertical.htm

2/18



04/11/12 Broadband HF Vertical - MARTIN - G8JNJ

transformer.

The performance of the new transformer is much better than previous versions | have tested. | am no longer able to
measure any improvement in radiated signal strength by connecting a remote tuner at the end of the low loss coax
feeding the antenna (apart from 1.9MHz & 3.6 MHz where an improvement of approximately 2dB was observed).

The through loss is much lower than the original version and the antenna design trades improved radiation efficiency
for slightly a higher VSWR figure.

However because of the reduction in through loss (and its masking effect on VSWR), the VSWR is slightly higher
than that of the Comet clone.
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The graph above shows the VSWR measured at the base of a 6.5m high vertical supported by a 10m fishing pole.
The Red trace shows the 6.5m wire fed directly. The Green trace shows a 300 ohm resistive termination, the Orange
trace shows the vertical fed via a Comet style transformer, and the Blue trace shows the vertical fed via my modified
version of the transformer. The two markers show the 1/4 resonant frequency (M1 at 10.5MHz) and the 1/2 wave
resonant frequency (M2 at 21MHz).

Note that the transformer adds a progressively greater shunt resistance at low frequencies which improves the
VSWR. Further improvements in matching can be obtained by using short radials, or counterpoise wires instead of a
large earth system. This increases the resistive component of the antenna impedance at the lowest frequencies.
Although this reduces the antenna gain, it makes very little difference to the owerall performance on the low frequency
bands, as the antenna is far too short to be efficient on these frequencies anyway. These facts may horrify you, but a
lot of commercial antenna manufacturers use similar techniques, they just don't tell you !

Many people would also argue that 2 or 3dB loss through a matching network is too high. But my tests suggest that
even a good ATU can add between 0.5 to 1.5dB dB loss, and that many 4:1 baluns, especially those wound on iron
powder cores (http://g8jnj.w ebs.com/Balun%20construction.pdf) can also add a further 1 to 3dB of loss, especially when
feeding low impedance or highly reactive loads. So 2 to 3dB loss may be fairly average, and | would argue that many
amateurs already have this amount of loss in their transmission path without realising it, as they have never taken the
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time to measure it.

The chart below shows the VSWR measured via a 10m long cable at the base of the antenna. Note that any
additional feeder losses will further improve the figures. For exampl when a typical length of coax cable (with 1 to 2

Broadband HF Vertical - MARTIN - G8JNJ

dB loss) is connected the VSWR will improve further. e.g. A 3:1 VSWR load will measure as 2.3:1 with a 1 dB cable
loss and 1.9:1 with 2dB cable loss.

Frequency| Gain VSWR
1.9 MHz -26dBi 8.5:1
3.6 MHz -6dBi 4.2:1
71 MHz |[+1dBi ||2.1:1
10.1 MHz ||+1dBi 1.75:1
14.1 MHz ||+1dBi 1.46:1
18.1 MHz ||+3dBi 1.94:1
21.1 MHz  ||+4dBi 2.25:1
24.9 MHz  ||+4dBi 2.73:1
29 MHz +2dBi 2.38
51MHz +1dBi 1.5:1

A better indication of the performance can be obtained from the plot shown below. Note that the angle of radiation
tends to become more elevated on 29MHz & 51MHz slightly reducing the useful gain.
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The basic components of the antenna are a 9m fishing pole, 6m support pole, home built 5:1 transformer and some
wire. These are configured as shown in the diagram below.
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G8JNJ - Broadband Vertical Antenna - V1.2

L 6.5m of 5mm dia coax
Optional — 10m long tleowgapped tg pgi:e.
horizontal wire for nly U'Jiert éal
improved NVIS connecte

performance on 80m

9m long fishing pole,

top section removed, /

bottom section

attached to support Optional — 4 x 1m long
pole radials for improved
><F/’ performance on 6m
5:1 RF transformer Connected to

radiating element
\ 2m from bottom

10m long radial wires

connected to outer of
4 coax connector &
support pole

6m long conductive
support pole, insulated
from ground

Plastic bottle
base insulator

T

Coax to radio

y

;\ Ground

Guy wires insulated from ground Coax outer braid connected to
earth on ‘radio’ side of balun

1:1 ferrite balun

© GBJINJ 2008
www.g8jnj.webs.com
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A diagram showing construction of the 5:1 transformer is shown below. Note that this is not the same as the Comet
balun details of which can be found here (http:/g8inj.webs.com/61balun.htm). The ferrite rings seem to be similar to type
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33material and can be obtained from CPC (http://cpc.famell.com/) part number CBBR6924

(http://cpc.famell.com/CBBR6924/cable-wire-connectors/product.us0?sku=UNBRANDED-3234940& requestid=163049) or CBBR6945

(http://cpc.famell.com/CBBR6945/cable-wire-connectors/product.us0?sku=RICHCO-RT 250-150-120& requestid=162531) Both of these are

supplied in packs of five and should just slide over standard 15mm dia copper water pipe. Unfortunately some of the
ferrite rings | have bought recently are slightly smaller, and so will not fit over standard size copper water pipe. If you

encounter this problem you may hawve to buy brass tubing from a model shop instead.

5:1 Broadband RF Transformer Construction

To Antenna

2.5mm copper wire Foam insulated inner
core from 750hm

satellite TV coax

50mm x 15mm
Y Brass tube or

Copper water pipe
s
- T———— |
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AN

25mm ferrite ring

CPC CBBR 6924
or CBBR 6945
3 glued together

Loop

(© G8JNJ 2008
To Radio — www.g8jnj.webs.com

Here's one | made earlier !

Note - Since | originally built this antenna. Several people have tried to use it with an auto-tuner in order to improve
the performance. This is not likely to make much difference, because of the losses in the transformer. If you do wish
to achieve better efficiency with an auto-tuner. Then | suggest you use the 4:1 Unun wound on type 52 Iron powder
material shown at the bottom of the BBV7 section of this page (http://g8inj.webs.com/cometchaz2sob.htm).
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The 1:1 balun which is used to isolate the coax feed at the base of the antenna uses five of the same ferrite rings

glued together with five turns of coax passed through the centre. Ideally you need at least four of these in order to
achieve the best results.

FAQ'S - ANSWERS TO QUESTIONS | HAVE BEEN ASKED ABOUT THE ANTENNA

How well does it work ?

It depends upon what you choose to compare it against, and on which bands. For example | would expect it to
perform fairly well against something like an 18AVT on the HF bands, howevwer it will not work anything like as well as
a 132ft wire on the LF bands. | estimate 8 to 10dB worse on 80m and 20 to 30 dB worse on 1.9MHz. The only

fair comparison would be against the same radiator and counterpoise, but fed with an auto-tuner in place of the
matching transformer, as this would represent the best performance you could achieve in this configuration. This is
how | measured the antenna performance and the standard | judge it against. By its very nature the transformer
version will be worse than this ideal, but | think it's worth trading a few dB of additional loss in order to

obtain broadband operation. Note that since | originally built this antenna. Several people have tried to use it with an
auto-tuner in order to improve the performance. This is not likely to make much difference, because of the losses in
the transformer. If you do wish to achieve better efficiency with an auto-tuner such as an LDG Z11Pro. Then | suggest
you use the 4:1 Unun wound on type 52 Iron powder material shown at the bottom of the BBV7 section of this page
(http://g8jnj.w ebs.conv/cometcha250b.htm)

In summary it compares favourably with other multiband vertical antennas of similar height on the HF bands but not
quite as well on the LF bands.

Why can | hear stations, but they can’t hear me ?
You would expect that if you can hear stations you should be able to work them, however the lower noise floor on
receive means that you can sometimes hear stations on the LF bands which would otherwise be masked by QRM on

larger antennas. In summary the signal level is lower but the signal to noise ratio is much better.

You can hear DX with it, and it seems to work very well on RX, but perhaps not quite as well on TX, which seems
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strange as you should expect reciprocal performance. | can measure my transmitted field strength remotely and
compare the antenna against other designs and it seems to match dB for dB on TX and RX (apart from obvious
absolute gain differences). Yet sometimes | call stations on the vertical and they don't come back, switch over to the
other antenna and they do, even though on receive they are the same strength, it's a very odd phenomenon but |
suspect it's simply down to a better receive S/N ratio on the vertical (as opposed to the absolute signal strength). |
find it works well as a receive antenna on 160m and one constructor John, G4IJD, has heard a ZL station on 80m at
reasonable strength. In comparisons | have found it outperforms a Datong

(http://datongarchive.googlepages.com/ad270ad370) active antenna mounted at the same height.
What is the resonant frequency of the antenna ?

The basis of the antenna is that it is NOT resonant on any of the desired frequencies. It is designed so that the
impedance presented by the radiating element on wanted frequencies is close to the secondary impedance of the
transformer for maximum energy transfer. The use of a 7.1m radiating element is not accidental (the radiating element
is actually a ¥4 wawelength long at 10.4MHz). It’s intended to present a manageable impedance on the desired
amateur bands, whilst not being too long (under 5/8 wawe) for effective operation on 10m and 6m. Making the vertical
element longer would cause the angle of radiation to increase in elevation, reducing the useful gain.

How can | further improve its performance ?

The main problem is balancing the parameters of maximum vertical length (which needs to be kept below 5/8 wave at
the highest frequency), sufficient length to be efficient at the lowest frequency, a moderate feed impedance (to suit
the transformer ratio) for the radiating element at all frequencies required for TX and ideally some horizontal
component to keep the folks who require NVIS performance on 80m happy.

You could replace the transformer with an auto-tuner, increase the number and length of radials, increase the height
of the support pole, use lower loss coax, increase the transmit power, add an 80m long offset top loading wire. The
permutations are endless - but it’s not the antenna you started with !

How can | make it work better on the LF bands ?

Performance on 80m is a bit of a compromise. | think it’'s about 6dB down on an equivalent length radiating element
and counterpoise, but with an auto-atu in place of the transformer. Feeding the transformer with a remote atu made
about 2dB improvement on 80m over the transformer alone. On the HF bands adding a remote atu made very little
difference.

However the perceived lack of performance may be due to several factors. One is that it's a lot shorter than a 74
wavwelength on the LF bands, another is that being a vertical it has very little upward radiation, so it is a poor performer
for NVIS coverage on 1.9 and 3.6MHz. Hence once you get outside the ground wave coverage there is nothing until
past about 500 Miles so it’s very poor for semi-local contacts.

The main difficulty is managing the impedance presented by the radiating element on the LF bands. For example a
7m long wire over an average ground plane on 1.9MHz is typically 10 — J1310 and on 3.6MHz 10.5 —J640. As you can
see the resistive element is very small in relation to the transformer secondary impedance and the reactive
component is very much greater and capacitive. With my transformer design | have tried to roll off the impedance ratio
at the LF end to get a closer match to the radiating element but it’s still a long way out. From this | hope you can get
a good feel for what design parameters can be traded, and those which will remain a compromise. The ideal efficient
broadband antenna is a ‘holy grail’ for antenna designers, and I'm sure there are a lot more qualified persons than
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myself who haven’t found it yet.

John, G4IJD suggested using the antenna in a horizontal configuration. | have been playing with this idea, and the
best configuration so far seems to be something like an 11.2m horizontal wire at 10m abowve ground, with the
transformer also at 10m, fed with coax and with the 1:1 choke balun fitted to the coax at 2m abowve ground.

However | suspect that the mechanical difficulties of supporting the transformer at 10m may make an inverted L
easier to implement.

To achiewve this all that's required is the addition of a horizontal wire at the top of the existing vertical section.This
would add an NVIS component, increase the radiation resistance and improve the efficiency on 80m. The question is,
how long should the horizontal wire section be. | suggest keeping the vertical section the same length as the original
design, but add a horizontal wire of length 12.2m or 27.2m long, to make the total length of radiating element either
19.2m or 34.2m.

These lengths should not present an impedance of much greater than 1K on any of the desired transmit
frequencies.You can use the LVD programme on this website (http:/zerobeat.net/G4AFGQ/page3.htmi#S301) to give an
estimation of feed impedance if you wish to experiment with other lengths (also see my notes relating to auto-tuners
(http://g8jnj.w ebs.com/usingautotuners.htm)). Using a 12.2m horizontal top wire will add a useful NVIS component on
3.6MHz, but you really need to get upto 27.2m long before it becomes effective. However at this point the antenna is
starting to become fairly large. Another option would be to use two top (or more) wires of differing lengths say a ratio
of 1/3 & 2/3 in order to provide mismatched currents which would result in better NVIS coverage.

One other idea | have tried, is to add a helical winding at the top of the vertical element in order to improve
performance on the LF bands without adversely affecting the HF bands. 400 turns of close spaced wire 2m down from
the top of the radiating elment with about another 0.5m of wire abowe it works well for 160m and also provides some
improvement on 80m.

Another alternative would be to try using the transformer to feed something like a 60m dia horizontal loop, which
would also improve NVIS coverage on the LF bands.

How can | make it work better on 6m ?

Performance on 6m is reduced beacuse of the length of radiating element. Ideally a vertical antenna should not be
longer than 5/8 wawelength, or most of the radiated energy tends to fire up towards the sky. | have tried modeling the
antenna with a four element capacity hat at various heights, and have found that four 1m long radials attached to the
main vertical radiating element 2m above the feed point, results in approximately 6dB more gain towards the horizon.
There is still some energy radiated up towards the sky, but this is more than offset by the improvement in gain at low
angles. This modification does result in a slight reduction in gain on 10m, but this may be a worthwhile trade. So far |
have not had the opportunity to try this, but hope to do so in the near future.

Could | use some other form of loading ?

There is a problem in adding any form of loading as it introduces varying impedances at other frequencies. A loading
coil or trap which is introduced to improve performance on the LF bands will have an impact at the HF end. The least
problematic method would be to add a loading coil towards the top of the radiating element and / or capacitive
loading. A technique such as Petlowany loading is also a possibility, see my washing line antenna

(http://g8jnj.w ebs.com/compacthfantennas.htm).
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John, G4IJD, has been experimenting with capacity hat loading, using four sloping wires from the top of the radiating
element. | have included some of John's comments below

>>>Having first established that my effort came close to your results ( base of antenna still at about 3m agl) my
"gut" feeling was that T (or maybe capacity since T is really out of the question) loading would improve the match on
top band and 80m without significantly altering the loading on the HF bands.

For test purposes I have attached 4 wires, all equal in length to the main element, to the top of
the antenna.By bringing these wires out from the base I can see any effect on the matching quite easily.

Using all four wires extended out to about 5m from the base at 9o degrees to each other, the VSWR on top
band drops to about 1.4:1 when measured at the transmitter and so an ATU is not required. Matching on all
other bands can then be taken care of by an ATU. To return everything to normal I simply connect all wires
together at the base of the main element.Haven't tried all combinations yet but will keep you posted.

I have no idea what effect this has on the radiation pattern but in my situation the extra wires double up as
guy wires and stabilise the antenna in high winds thus boosting neighbour confidence. Of course all this
is possible because the base is easily accessible from a ladder.

I think this antenna will appeal to alot of people as long as they read all your notes and don't expect too much
from it. As an all band convenience antenna it's ideal for me. I can think several uses for a second one. <<<

More analysis of this is required, but it struck me that the wires could be brought bact to the base of the
radiating element to form a cage folded monopole (http://www.cebik.com /wire/fomo.html), perhaps something like

this (http://home.rapideable.com /~kgsv/Full Umbrellai.jpg). Some broadband military HF antennas use this technique,

often in conjunction with a high power terminating resistor.

Why did you use coax cable as the radiating element ?

When | modelled the antenna | found | got better results using a larger diameter conductor. | reduced the diameter
until the results started worsen. The best compromise was to use a diameter of around 10mm, and coax cable was
the cheapest option. If you have aluminium tube or an old CB antenna this would be better still. Just cut the length so
that it is a ¥4 wave at 10.4MHz as this will give the correct matching impedance at other frequencies. If you need to
use a shorter support pole it is possible to use a ‘lazy’ helical winding for the radiating element, say up to 4 turns per
metre length it should be OK, however this technique tends to introduce unpredictable secondary resonances which
could put ‘lumps and bumps’ into the frequency response.

How critical is the height of the mounting pole and the length and number of radials ?

They are not too critical, for example, three 5m long radials would be fine, however | would suggest that all the radials
or counterpoise wires and the mounting pole are not connected to ground and the length does not exceed 10m. You
may wish to experiment with the lengths and ‘angle of dangle’ to achieve the best impedance match on the required
frequencies. On the LF bands longer radials would be better but you could try adding say two inductively loaded
radials tuned on the LF bands of interest. As | previously stated you can mount it higher or lower within certain limits.
But if this is not easy you could consider ground mounting with at least four radials. In this case adding more radials
will further improve the performance.

I have obtained very good results by mounting this antenna on top of a building with a metal clad roof. | did not
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use any radials, but mounted the transfomer close to the edge of the roof and connected it to the cladding with
a short metal strap.

If either of these two methods are not possible, you can ground mount the antenna and connect it to as many radials
as possible. However the gain will be significantly lower than using an elevated feed and counterpoise / radials.

Why is there a 1:1 choke balun at the base of the mast ?

The purpose of this is twofold. It is designed to provide a high impedance ‘break’ in the feed cable at a specific point
so that the vertical section of the coax (and the support pole it runs along) is ‘lifted’ above ground to form a
counterpoise, the whole antenna then becomes similar to an off-centre fed vertical dipole. If the balun was fitted at the
top of the pole, there would still be coupling between the outer of the coax below the balun and the support pole. The
second purpose is to prevent electrical noise and other unwanted interfering signals which may be carried on the
outer of the coax from being conducted into the receive path. It also eliminates RF on the coax when used for
transmit purposes.

Please note that simply using coiled coax as a balun does not provide a high enough choking impedance for this
purpose.

Can | use chokes from CRT monitor cables or some others | have in my junk box ?

I have tried a large selection of ferrite materials, including some which | have recovered from scrap CRT PC monitors.
There is a very large variation between types (even those from the same make and model) | think they just use
whatever they can get hold of. If you have a large number (at least 10 and ideally 30 - 40 or more for 1.9 &

3.6MHz) and thread them over coax they can be used for the 1:1 balun to suppress noise which would otherwise be
induced on to the received signal. However the variation in characteristics makes them difficult to use for the
transformer, if you wish to obtain repeatable results. Also be very careful about ring cores you buy at radio rallies or
on e-bay. Many of these are actually made from iron powder, and are designed for low frequency (eMHz) use in
switched mode power supplies. They are not suitable in this application. If you have an impedance measuring bridge
you can test them to see if they are made of ferrite. As a rule of thumb with one turn you should obtain about 2.5uH
at 2MHz, 1uH at 10MHz and 0.4uH at 30MHz for a 20 x 30mm core with 7mm dia hole if it is similar to type 43
material. However if you do this | cannot guarantee it will work as well as a transformer made with the specified parts.

Do I have to use copper or brass tube ?

No, Wolfgang, OE1MWW has successfully used braid from RG213 coax. He also tried using just a single wire loop,
but found that the closer coupling provided by the coaxial tube winding produced much better results. See further
down the page.

How can | increase the power handling ?

The main problem with power handling seems to be at frequencies around 18 to 22MHz where the length of radiating
element is around %2 wavelength which presents a high load impedance. This results in power being dissipated in the
ferrite material used in the transformer core. Using a metal box and heatsink and bonding the ferrite material to the
box with thermally conductive epoxy resin (http://docs-europe.electrocomponents.com/w ebdocs/002¢/0900766b8002¢218.pdf)

may help. More cores can be added, but this will lower the frequency at which the maximum impedance
transformation occurs, which may increase loss on the LF bands. Another suggestion is that the ferrite cores are
replaced with powdered iron and the quantity increased. You may need to use 20 or more powdered iron cores to
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achieve the required inductance. The input impedance with no radiating element connected should measure at least
200 ohms at the lowest operating frequency.

Why did you use the inner from coax cable for the transformer secondary winding ?

I picked this for its high woltage insulation properties. Most foam insulated satellite TV coax has a breakdown woltage
of around 1.8KV. This should be adequate for power levels up to about 200watts on frequencies where the radiating
element presents the highest impedance (and requires maximum feed woltage ) to the transformer.

Who else has made one ?
Others experimenting with this concept are:-

Marty KNOCK (http://chat.qth.com/viewtopic.php?t=4455)

Giovanni IW2EN (http://www.iw2en.it/news.php)

John. G41JD
Jerry. G4GGZ
Peter, PE1DCD

Gernot, OE1IFM http://www.oe1ifm.at/index.php?option=com_content&view=article&id=54&Itemid=59
(http://www.oe 1ifm.atlindex.php?option=com _content&view=article&id=54&ltemid=59) Built for the V53ARC WSPR beacon

Wolfgang, OETMWW
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Dirk, PE1CZW

Sven, OZ6SI
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