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Opening the Antenna Workshop for us this month is Peter Dodd G3LDO, who takes a look at
how the GSRYV can become an even better general use antenna,

@ Fig. 2: The tuned open-

wire dipole using a
balanced tuned
transmission line
connected to the
balanced cutput of the
a.t.u Band C. The real
advantage of this
antenna is that dipole
length is not critical,
because the tuner
provides the
impedance match
throughout the entire
arilenna system,
whatever the dipole
length may be. If you
are short of space the
antenna could be cut
for 3B of a
weavelength on 7hHz
and it will tune all
bands from 7 to
2BMHz. You can still
put out & signal on 3.5
or even 1.8MHz by
connecting the feeders
together and using
them as a single wire
antenna feed A and
using a goad r.f. earth.

Antenna

hen a neweomer to the h.f, bands is looking
for a suitable antenna a G5RV is sure to be
one of the favourites. This antenna is
regarded by many as the panacea to the
multi-band antenna problem and you don't
even have to make it - many antenna
equipment retailers offer made-up G5RVs.
So why has this antenna become so popular?

The late Louis Varney G5RV, designed the
antenna over 40 years ago, primarily to give a clover
leaf pattern and a low feed impedance on 14MHz.
The usual commercially available G5RV, shown in
Fig. 1, is fed in the centre and has a top of 31.3m, a
total of three half-wavelengths on 14MHz.

The feed impedance on 14MHz is low because the
feed-point is at the centre of the central hall-wave
section. The mid-band resonant feed impedance at
that point is around 90L2 into the 10.36m matching
section of open-wire feeder. The feeder is used as a
1:1 transformer, repeating the feed impedance at the
lower end.

Because of this reflected 9002 impedance, the lower
end of the matching section can be connected to a
length of 7502
impedance

obvious that an a.t.u. between the low-impedance
feeder and the transceiver is required.

To sum up, the GERV antenna was suitable as a
multi-band antenna in the days when Amateurs had
longer gardens, used pi-output valved transmitters
and hefore the WARC bands were allocated.

Louis Varney mentioned®1 that the most efficient
feeder to use is the open-wire variety, and may bhe
used in conjunction with a suitable a.t.u. for
matching. He added that by using 25.6m (B4ft) of
open-wire feeder the system will permit parallel
tuning of the a.t.u. on all bands which brings us to
the Open-Wire Tuned Dipole.

Tuned Doublet

The open-wire tuned dipole antenna, also know as the
Tuned Doublet or random-length dipole is very simple,
vet is a most effective and efficient antenna for multi-
band use. This antenna is fed with balanced open wire
tuned feeders, as shown in Fig. 2.

An a.t.u. 1s used Lo convert the unbalanced output
from the transeeiver to a balanced feed and also to
take care of the wide variations of feed impedance on
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The G5RV also presents low impedances on other T, layaut of the original
-

bands, which fell within the impedance range of
earlier Amateur radio transmitters that had pi-
output circuits. Thus a GERV antenna could he
connected directly to the transmitter without an
additional a.t.u. This represented quite an advantage
aver routing open line feeder into the shack and
using an a.t.u.

However, for the GERV to work the top dimension
and the matching section must be as shown in Fig.
1. If 3004} ribbon or slotted line is used then the
length of the feed section must be adjusted to take
account of the velocity factor. tmultiply 10.36m by
the velocity factor).

Additionally, the G5RV geometry cannot be altered
by converting it into an inverted-V or bending the
ends to fit into a small available space without
upsetting its feed impedance. And on the 10, 18 and
28MHz bands the feed impedances can vary

considerahly.
Many modern all-solid
state Amateur band
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transceivers have
transmitter output stages
that are easily damaged
when operated with high
s.w.r. on the feed cable to the
antenna. Or, they have an
‘a.l.e.” circuit that reduces
power in some proportion to
s.w.r. 8o, in these cases it's

Transceiver

GSRV antenna
Choke balun
(Bt 300mm dia}
\ Coaxial cable
oo a.tu. and transceiver
V1513

the different bands. The tuned doublet should be at
least a quarter wavelength long at the lowest
frequency of operation, where it radiates with an
effectiveness of approximately 95% relative to a half-
wave dipole.

However, the feed impedance of such a short
antenna results in very high s.w.r. when fed with 4500
line. While the antenna is quite efficient the
impedances at the end of the tuned feeder will be
outside the matching range of the average commercial
a.t.u. using a toroidal balun to provide a balanced feed
to the tuned feeders.

If you have the space then use a dipole with a length
of about 3A/8 an the lowest frequency. This is halfway
between quarter-wave and half-wave and will work
very well if you can't erect a full half-wave on 3.5MHz.

A 3W/8 dipole has an effectiveness greater than 98%
relative to a half-wave dipole, and the s.w.r. values are
far easier to match, heing in the region of 25:1 on
6002 line, 24:1 on 45042 line, and 25:1 on 300€2 line.
This dipole, for 3.5MHz, is approximately 30m long,
which means that any length from 27 to 30m will
make an excellent radiator on all h.f. Amateur bands,

Practical Wireless, December 2000




3.5 - 30MHz, including the WARC bands,

If you don't have room for a 27m length of
straight wire for operation on 3.5MHz, a 3-5m
portion of each end may be dropped vertically from
each end support, There will be no significant
change in radiation pattern on 3.5 and TMHz.
However, there will be a minor change in
polarisation in the radiation at higher frequencies,
but the effect on propagation will be negligible.

It iz often thought that a high s.w.ron a
transmission line, such as that described above to
connect the feeder to the a.t.u., will radiate. This
doesn't happen, provided the currents on each
conductor of the balanced feeder are the same i.e.,
they are balanced.

Balanced ATU

The multi-band antenna should, ideally,
be fed using a balanced a.t.u. The

classic balanced a.t.u. is the link-
coupled or inductively coupled a.t.u. as
shown in Fig. 3. The unbalanced input
is inductively coupled to the main
inductor. Since the mutual inductance
between the coils is eritical for maximum
efficiency, the eoupling is varied either by
a movable link or by a series input
capacitor as shown.

The arrangement shown in Fig. 3 is fine
tor one band. However, a single coil and
link for all h.f. bands does not provide the
best coupling ratios for all possible
conditions and some of the best solutions
use plug-in eoils, one for each band. A
home-made balanced a.t.u. using this
approach was u‘cg_ntl_\' described by Ted
Garrott GOLMJ 2.

In Ted's design, a total of nine coils
covered 1.8 - 28MHz, Two separate
capacitors are used for output tuning,
providing the facility of equalising the
current in each feeder line, being
monitored using two rf. current meters.

There are few commercial balanced line
tuners around, but twe such tuners are the
Johnson Matchbox (an old design, which
does not include the WARC bands) and the
Annecke (a more modern design made in
Germany,

Internet antenna ‘guru’ L.B, Cebik,
WARNL., notes™ that for those seeking the
most efficient transfer of power to balanced
lines, nothing beats a properly designed and
constructed link eoupled a.t.u. However, for
operators who change bands frequently, the
inconveniences of plug-in coils may be worse
than the losses inherent in more typical
tuners, If you have internet access, check out
the W4RNL website for a super a.t.u. and
antenna tutorial.

The Z-Match

Another link eoupled a.t.u. that has been
around a long time is the Z-match. Onginally
designed as the tank circuit of a valved p.a.
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stage¥4, the anode of which was connected
to the top or ‘hot’ end of the multi-band {
tuned circuit. It was fed directly from the {
p.a. valve, with its internal (source) Cr‘__f"f—'i’-',_""""' )
impedance of several thousand ohms

When the cirenit was adopted as an
a.t.1.%3 the tank cireuit is fed directly from
a source which requires a 50L1 load via a
350pF variable coupling capacitor

Balanced output

connected to the top (or ‘hot’) end of a
multi-band parallel-tuned LC circuit.

In spite of the great difference between the
required H0C load for the transmitter and the
relatively high impedance of the tank circuit the Z-
match enjoyed considerable popularity, most likely
due to its simplicity, Z-
match a.t.u. s were
produced commercially and
are easily available and
cheap. An example of such
a unit is the S.E.M. unit
shown in Fig. 4.

The T-Tuner

If you want to buy a new
a.t.u. these days the only
type available is what is
known as the “T-Tuner’ or
“T-match’. This a.t.u. has
enjoyed considerable
popularity in the USA,
being described as the
‘Transmateh’. The T-
network comprises two series variable capacitors
with a variable inductance (usually a roller
coaster) connected between the point were the two
capacitors are connected and earth.

The T-match has the advantage is that
it can provide an acceptably wide range of
impedance transformations without the
requirement for large-value variable
capacitors, Its disadvantage is that it 15
single ended and unbalanced. Most
commercial T-match a.t.u. s provide a
halanced out by incorporating a balun.
The degree of balance is not as good as
the balanced a.t.u. described earlier.

The MFJ VersaTuner V, shown in Fig.
5 uses a T-match tuning arrangement. It
has provision for selecting various
antennas using a switch and has a
cross-needle power and s.w.r. meter that
ig particularly convenient to use. The
ability to switch in a dummy load 1s
alzo a useful feature. In fact this is
more than an a.t.u. - it is an antenna
management system =

coupled

circuit

® Fig 4Tk
urnit, wihi

L-match
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VersaTun
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Anthony
Johnson
G4DUC
provides this
month’s second
look at the
ubiquitous
GSRY antenna
and says that it’s
possible to make
some effective
improvements to
your set-up by
altering the way
you feed it!

Typical cavity wall
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sealed against
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he GSRV antenna created ® Fig | The original GSRY was designed to have
by the late Louis Varney a radiating section 342 long on 14MHz
GAHRV iz one of the Open wire twin fesder
standard’ h.f. antennas or 300/4500) twin feeder
used by Radio Amateurs with adjusted length charactenstic impedance, such as widely
everywhere. Designed spaced twin open wire balanced feeder,
originally by Louis for the 14MHz Amateur band, E When constructed in the way described
it gives a moderate gain compared to a single half-wave o above, the connection of a section of
element dipole. B unbalanced coaxial feedline to the bottom
When used on the 14MHz band, the top (radiating of the balanced section is technically
portion | element of the full sized GERV antenna is three incorrect, and may cause problems, as many
half-wave lengths long. And has 4 centre feed-point users have discovered. Most coaxial
impedance of around 908, (Depending on which part of feedlines will not tolerate high s.wr.
the band it's been designed for, the actual length of the without increased losses and feedline
top gection of commercial units can pary over as riueh radiation.
as one metre. Ed.) T i
In the original design a hall wavelength (at Feadpaint When a high s.w.r, exists in a section of

14MHz) section of open twin wire (or high

impedance) feeder was used as an effective 1:1

impedance transformer so, reproducing, at the lower end
of the section, the same 904} impedance that occurs at the
feedpoint of the antenna element itself.

However, there is no need for this matching
transformer at all if the antenna iz used solely for the
14MHz band, It would be acceptable to connect a low
impedance feedline directly to the centre of the top,
radiating, element with no detriment to performance

In Detail

Let's now look at the design, as shown on Fig. 1 in a little
mare detail. One half of the radiating top element is
15.5m, now add in the length of the transformer section
(10.36m} give an overall length of 25 86m. This is a wire
length that 15 uzeful in relation to some Amateur bands,
as it can provide an impedance which suitable for
connecting to low impedance feedline,

The low impedance effect is not available on all bands,
due mainly to high reactive
impedance values, tendmg
to give a high s.w.r. values.
However, if the feedline is
capable of operating
efficiently under higher
s.w.r. conditions then
satisfactory results may be
obtained

As shown the radiating
top section and the
matching section of the
antenna form a balanced
doublet system. [deally the
matching section should be
eonstructed with a high

® Fig. 2: Taking the twin 750
feeder through a cavity wall
15 @asy If you follow this
layout. Remember to
weatherproof the outside of
the sleeve though, otherwise
a lot of water could come in

Sereaning
sleave through
bath layers of
brick

wher it rains

19042 approx]

coaxial cable, the outer braiding of the
cable is forced to carry undesirable r.f. currents.
Under these conditions, the feedline contributes a
major part of the actual radiating system, and is a source of
EMC and TVI/BCI problems if not corrected

Often Misunderstood

Another aspect of the GBRV antenna that is often
misunderstood, is the true purpose of the vertically hanging
impedance section. I've heard it said that ‘that the
matching section should hang vertically from the radiating
element to give some vertically polarised radiation’. This is
not true!

The real reason that the transformer section should hang
vertically from the radiating element is to maintain system
balance, It is advantageous to keep the whole system as
symmetrical, both physically and electrically, as possible.

If we can accept the losses, the feeder radiation problem
can be corrected. An effective means of correction is to
‘thoke off” the coaxial braid currents immediately they try
to appear in the coaxial eable - at the point where the
coaxial cable meets the balanced feedline. A current choke,
immediately after the change-over from balanced to coaxial
cable, is a method used, and all of the types of r.f choke that
may be used have been published.

In his ‘Antenna Workshop' article this month Peter
Dodd G3LDO shows the use of a multi-turn looped cable
method. Another r.f choke method that might be used to
wind the coaxial cable itzelf, several times through a large
ferrite ring (see later for more detail ),

Technically Correct

It’s technically correct to connect a balanced twin feeder to
the bottom of the matehing section. This action promotes
and maintains system balance, eliminating undesirable
feeder radiation.

A downside of using twin feedline ig that it has a
tendency to be ‘user unfriendly’. In this application it
cannot be buried in the ground or fastened to metallic
structures without seriously affecting its performance,

If the matching section were continued back to the shack
with a similar high impedance feedline, then the GGRV
loses its identity - simply becoming a doublet antenna,
However, this can provide multi-band operation with
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excellent efficiency and, used with a suitable balanced
antenna tuning unit, provides effective results over the
Amateur h.f. spectrum.

To maintain the identity of the GERV, the ideal feeder
to use 18 7642 balanced twin. Although, as with the
coaxial feedline, there will still exist as high s.w.r, on
=ome bands this feedline will improve the effectiveness
of the system as a whole.

Also with 758 twin, the close spacing of the
conductors makes it easy to maintain system balance
when routing it past nearby structures or conducting
objects, Providing the feeder doesn’t run closer than
ahout ten times the distance between the conductors,
then system balance should be maintain,

This ‘rule-of-thumb’ distance when using the
commonly available 750 twin is around 30mm
minimum distanee in reality. There may however, be
some problems when routing the twin feeder into an
indoor shack.

When getting coaxial feeder into the avernge shack,
the usual way is to drill a hojle through a window frame
or the brickwork and pass the cable through. With 7502
twin it’s desirable to maintain an equally distributed
capacitance around the cable, especially when other
cables pass through the same hole.

e
Snug-Fitting

A snug-fitting narrow metal sleeve or a length of coaxial
cable sereen slipped over the feeder for the length of the
hole will be effective in meeting the required conditions.
The technique 15 shown in the illustration of Fig. 2. The
metal sleeving must be electrically 1solated from other
conductor, to be effective. The outer point should also be
suitably weatherproofed.

With the likely exception of the 14 and 28MHz bands,
there may be a high s.w.r. on the feeder. Under these
conditions the twin will act like a tuned feedline,
meaning that a transformed reactive and resistive
combination will be presented to the station’s a.t.u,

Any available balanced output a.t.u. that incorporates
a balun transformer in the output is not recommended
for this setup, ag the balun cannot deal with reactive
components very well, They may give n apparent match,
but this is often at the expense of wasted power

dissipated in the balun rather than going to the antenna.

A ‘proper’ balanced a.t.u. such as the ‘Z-match’ is a
much hetter option, Another simple solution to this
problem 1s the following design which is flexible and
capable of being optimised for each Amateur band. What
15 the arrangement that is so, flexible you may ask! The
answer to that is a “I"-match with a choke balun input
eireuit

The circuit of the “T"-match a.t u. is shown in the
circuit of Fig. 3, where vou will see simplified cirewit
consisting of a single multi-tapped coil and two variable
capacitors of 350-500pF. This arrangement provides an
efficient power throughput with good balance however,
Lo realise 4 balanced output it's necessary to ‘float’ the
network and its case at vf. potentials.

A ponvenient way of ‘floating’ the unit is to use a
balun in the input to the circuit so, isolating the coaxial
feed from the antenna feedline. As the balun is at the
input and operates close to a resistive matched condition
it works with maximum effectiveness.

The coil, L1 consists of a single layer winding of 18
turns heavy gauge ( 1.5-2mm), spread over 100mm. The
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former used for L1, should be around 60-65mm diameter,
be fairly robust and may be made from any material that
doesn’t absorb moisture. Plastic water piping makes a
good former for this project.

The coil has taps at 1, 2, 3, 4, 5, 6, 8, 10, 12, 14 and 16
turns taken to a 12-way switch which should be of
excellent guality and as large as possible. An alternative
would be some form of plug and socket combination on the
casing of the unit. But it's important not to use a metal
case to house the unit ns the closeness of the metal ean
change the effective balancing of the unit due to stray
capacitance,

C1 E:v
Al <
B go Og L1 360p
Input a
h Taps &t
aizic s 1,33 48 Balanced
6,8 10,12 autput
111 choke AN 14, 16 turns
Balun ol
(gee text)
0

® Fig. 3: The circut chosen by
Anthony should be built ina
solid insulated box. This s
because the nght-hand side
of the circuit is "hot" in terms
of ri. and may cause burns if
care i not taken with the
construction and operating it!
(See text for more detals of
the tapped coll and
capacitars)

Coaxial cable wound
on g ferrite toriodal core

Best Balun

The best type of
balun, and one I've
found effective in
this situation, is the
type made by
winding 15 turns of
RGHS coaxial cable
on a large ferrite
(type 611 toroidal
core. this will work
with up to around
LKW input. A
smaller version could
consist of 15 turns of
RG303 eoaxial cable
on o 37mm type 61
ferrite toroidal core,
This would be
adequate up to
around 100W input.

As the unit and
the controls are ‘hot’ at r.f. it's essential that all controls
are non-metallic and that the unit is housed in a suitably
strong and secure insulated box. All controls should have
plastic shafts to the ‘outside world’ to protect the operator.
If using a plug and socket arrangement for coil tappings
do not adjust the tappings when transmitting. Do so
at your peril!

In Use

In use this ‘T-match can be a little tricky to use, if you've
never used one before so, a few words about how it's done,
Until you've found out the best positions for the controls
on each of your working bands, start with both capacitors
around mid-range and the coil at its minimal inductance
point {maximum number of shorted turns) then quickly
trv each capacitor in turn to give the lowest s.w.r. reading.

Cable ties used

put’ lany langthi
5061 coaxial cable

Note its value!

Add more inductance then try again, taking note of the
lowest value of s.w.r. if lawer than before, note this new
value before tryving more inductance. Always use the
minimum inductance possible on each band. As everyvone's
location and set-up is going to be different, I cannot say
what values vou will find for any band,

There may also be unfortunate feeder lengths that
make setting on one or more bands difficult, but persevere
try a different length of feeder!

Constructing, or modifving a GERV antenna system
with open wire feeder can result in a useful and effective
multi-band antenna system that 1s a joy to use on all h.f.
bands. 1 hope you enjoy the process! 2%

Koep the ends
well apan
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This section 1o ba
. B8 short as possibls

Balanced 504 output
ito the "T' match)

® Fig. 4. A suitable input balun
consists of 15 turns (rather
than the 12 turns illustrated)
of coaxial cable on a type 61
fernte toroidal core. Power
levels of up to TkW may be
handled depending on the
cable and ferrite sizes. (See
text for more details)
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