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ANTENNAS & MORE

Low Noise insulated wire.
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100Double Size 204 ft 160-10 $59.95 ;. \Weather Sealed.

ICIFull Size 102 ft 80-10 39.95 . Strong & Flexible to -40° F.
| CHalf-Size 51 ft 40-10 $29.95 . Never Kinks.

10Quarter-Size 26 ft 20-10 $24.95 - Full 2KW Rated.

Tuner required. - Heavy duty matching stub.

Very stealthy - Hang in trees - Lay on your roof.

Visit our Web Site At:
www.antennasmore.com

Lowest Wind Drag.
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Putting your G5RV to Work

Your G5RV antennais a happy compromise that gives you a small, efficient, and
easy to match antennathat can be adapted smply to various site and installation
possibilities. An ordinary antenna tuner will give a perfect match wherever you
want to operate. Here's how to but it to work:

Feeding it: The connector on the matching section will mate directly to your
tuner. If you need alonger feedline, smply add coaxil cable of any convenient
length. A 70 foot length of 50 or 75 ohm coax cable makes a versatile feedline,
and the RG8X mini works nicely for this purpose.

Balun? Normally no balun is needed. There is nothing gained in exchange for
the losses atraditional balun will introduce. If you suspect that (Next page)
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unbalanced antenna currents are flowing on your feedline, simply make a six
inch diameter 4-turn coil tn the coarial feedline at a convenient point near
its connection 10 the matching section. Use cable ties or electrical tape 0
hold the turns in position.

-

Support Lines: 80 Ib monofilament fishing line is inexpensive and lasts for
years but the easiest line to work with is the new UV protected double
dacron. The 3/32" size supports 250 Ibs without stretching, inspite of its

small diameter.

Launching it: Simple methods can work well. I he Keys o any successiul
launch method are to eliminate drag from the taunch line and to keep the

faunch line from snarling or snagging.

bootkom An effective tauncher may be
2 t;,d made from a one or two gallon

=~ pail with smooth sides. Use
light, no-snar] line. Lay the line
in layers.

o jechie

1 Zme, 1]

Lokere.

Launching hints: With a small spherical projectile weighing a little more
than a baseball, even a simple underhand 10ss is accurate and can go up 40
feet. With practice some hams have thrown twice as high.

e Stand at a distance half the
targeted height. ' .

¢ Underhand throw gives loft. ‘ /‘ >
e Aim 10 ft over crown of tree. / - h g
’ . 7
e Projectile should be falling A ' e -
before it hits tree. Xé*—- by —

¢ Be patient. Let the wind
shake it out.

Safety Precautions: N

s Yell "HEADS UP1" | ¥
¢ Split tennis ball safety cover protects windows. 6)\/
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Adé‘pting to the Site:

" One nice feature of the GSR)V is that it can be strung up in unusual
configurations and still perform adequately. Some configurations actually
produce gain or other special effects that may improve results in line with
YOUr communication goals.

»
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The Secret of your G5RV's Design

What makes your GSRV a great multiband performer is its efficient
- and clever design. For your reference, we've reprinted an article by the
inventor, Louis Varney, GSRV. In it he explains what makes it works so well,
and gives more hints for getting the most [rom your antenna.




‘arrangement,

The G5RV Multiband
Antenna ... Up-to-Date”"

By Louis Varney,* G5SRV

«82 Folders Lane, Burgess Hill, W. Sussex RH15 DX,
United Kingdom

# Adapted from an article of the same title in
Radio Communication, July 1984, pp. $72-575.

The GSRV antenna, with its special feeder
is a multiband center-fed antenna
capable of efficient operation on all HF bands from
3.5 to 28 MHz. Its dimensions are specifically
designed so it can be installed in areas of limited
space, but which can accommodate a reasonably
straight run of about 102 ft for the flat-top.
Because the most useful radiation from a horizontal
or inverted-V resonant antenna takes place from the
center two-thirds of its total length, up to one-
sixth of this total length at each end of the
antenna may be dropped vertically, semi-vertically,
or bent at a convenient angle to the main body of
the antenna without significant
radiation efficiency. For installation in very
limited areas, the dimensions of both the flat-top
and the matching section can be divided by a factor
of two to form the half-size GS5RV, which is an ef-
ficient antenna irom 7 to 28 MHz. The full-size G5RYV
will also function on the 1.,8-MHz band if the sta-
tion end of the feeder (either balenced or coaxial
type) is strapped and fed by a suitable matching
network using a good earth connection or a coun-
‘terpoise wire. Similarly, the half-size version may
be used on the 3.5~ and 1.8-MHz bands.

In contradistinction to multiband antennas in

general, the full-size GSRV antenna was not designed

as a \/2 dipole on the lowest frequency of opera-
tion, but as a 31/2 center-fed long-wire antenna on
14 MHz, where the 34 ft open-wire matching section
functions as a 1l:1 impedance transformer. This
enables the 75-ohm twin lead, or 5G/80-ohm coaxial
cable feeder, to see a close impedance match on that
band with a consequently low SWR on the feeder. How-
ever, on all the other HF bands, the function of
this section
accommodate that. part of the standing wave {current
and voltage components) which, on certain operating
frequencies, cannot be completely accommodated on
the flat-top {or inverted-V) radiating portion. The
design center frequency of the full-size version is
14.150 MHz, and the dimension of 102 f(t is derived
from the formula for long-wire antennas which is:

492(n - 0.05)
_fMHz

2

Length (ft)

14.15

. _ 102.57 ft (31.27 m)

® Excerpted from Tha ARRL Antenna
Compendinm, 1985.

loss of effective-

is to act as a "make-up" section to -

where n = the number of half wavelengths of the

wire (flat-top) .
Because the whole system will be brought to
resonance by the use of a matching network in
practice, the antenna is cut to 102 ft,

As the antenna does not make use of traps or
ferrite beads, the dipole portion becomes pro-
gressively longer in electrical length with increas-
ing frequency. This effect confers certain advan-
tages over a trap -or ferrite-bead loaded dipole
because, with increasing electrical length, the
major lobes of the vertical component of the polar.
diagram tend to be lowered as the operating fre-
quency is increased. Thus, from 14 MHz up, most of
the energy radiated in the vertical plane is at
angles suitable for working DX. Furthermore, the
polar diagram changes with increasing frequency from -
a typical A/2 dipole pattern at 3.5 MHz and a two
A/2 in-phase pattern at 7 and 10 MHz to that of a
long- wire antenna at 14, 18, 21, 24 and 28 MHz.

Although the impedance match for 75-ohm twin
lead or 80-ohm coaxial cable at the base of the
matching section is good on 14 MHz, and even the use
of 50-ohm coaxial cable results in only about a
i.8:1 SWR on this band, the use of a suitable
matching network is necessary on all the other HF
bands. This is because the antenna plus the match-
ing section will present a reactive load to the
feeder on those bands. Thus, the use of the correct
type of matching network is essential in order to
ensure the maximum transfer of power to the antenna
from a typical transceiver having a 50-ohm coaxial
(unbalanced) output. This means unbalanced input to
balanced output if twin-wire feeder is used, or
unbalanced to unbalanced if coaxial feeder is used.
A matching network is also employed to satisfy the
stringent load conditions demanded by such modern
equipment that has an automatic level control
system. The system senses the SWR condition present
at the solid state transmitter output stage to
protect it from damage, which could be caused by a
reactive load having an SWR of more than aboqut
2:1.\1

The sabove reasoning does not apply to the use
of the full-size G5RV antenna on 1.8 MHz, or to the
use of the half-size version on 3.5 and 1.8 MHz. In
these cases, the station end of the feeder conduc-
tors should be "strapped" and the system tuned to
resonance by a suitable series—connected inductance
and capacitance circuit connected to a good earth or
counterpoise wire. Alternatively, an unbalanced-
to-unbalanced type of matching network such as a T
or L mateching circuit can be used.\2 Under these
conditions the flat-top (or inverted-V) portion of
the antenna, plus the matching section and feeder,
furiction as a Marconi or T antenna, with most of the
effective radiation takipg place from- the vertical,
or near vertical, portion of the system; the flat-
top acts as a top—capacitance loading element. How-
ever, with the system fed as described above, very



¢ifective radiation on these two bands is oblainable
even when the (lat-top is -as low as 25 ft above
greund.

Theory of Operation

The genecral theory of operation has been ex-
plained above. The detailed theory of operation on
each band from 3.5 to 28 MHz follows, aided by
figures showirg-the current standing wave conditions
on the flat-top, and the matching (or make-up)
section. The relevant theoretical horizontal plane
polar diagrams for each band may be found in any of
the specialized antenna handbooks. However, it must
be borne in mind that: (a) the polar diagrams gen-
erally shown in two dimensional form are, in fact,
three dimensional (i.e., solid) figures around the
plane of the antenna; and (b) all theoretical polar
diagrams are modified by reflection and absorption
effects of nearby conducting objects such as wire
fences, metal house guttering, electric wiring
systems, and even large trees. Also, the local earth
conductivity will materially affect the actual polar
radiation pattern produced by an antenna. Theoret-
icel polar diagrams are based on the assumptions
that an antenna is supported in “free space™above a
perfectly conducting ground. Such conditions are
obviously impossible of attainment in the case of
typical amateur installations. What this means in
prectice is that the reader should not be surprised
if any particular antenna in a typical amateur
location produces contacts in directions where a
null is indicated in the theoretical polar diagram,
and perhaps not such effective radiation in the

directions of the major lobes as theory would
incicate.
3.5 MHz: On this band each hall of the flat-

top, plus about 17 ft of each leg of the matching
section, forms a foreshortened or slightly folded up
A/ dipole. The remainder of the matching section
acts as an unwanted, but unavoidable reactance
berween the electrical center of the dipole and the
feeder to the matching network. The polar diagram
is effectively that of a /2 antenna. See Fig. 1.
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Fig. 1 — Current standing-wave distribution on
the GSRV antenna and matching section:at 3.5 MHz.
The antenna functions as a /2 dipole partially
folded up at the center.

7 MHz: The flat-top, plus 16 ft of the matching .

section, now functions as a partially folded up two
half waves in phase antenna producing a polar dia-

gram with a somewhat sharper lobe pattern than a /2

dipole because of its collinear characteristics.
Again, the matching to a 75-ohm twin-lead or 50/80-
ohm coaxial feeder at the base of the matching
section is degraded somewhat by the unwanted react-
ance of the lower half of the matching section, but,

desgite tlus, by using & suitable maiching network,

the system loads well and radiates very cffectively
on this band. Sce Fig. 2.
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Fig. 2 — Current distribution on the antenna and

matching section at 7 MHz. The antenna now func-—
tions as a collinear array with two half waves

fed in phase.

10 MHz: On this band the antenna functions as a
two half-wave in-phase collinear array, producing a
polar diegram virtually the same as on 7 MHz. A
reactive load is presented to the feeder at the base
of the matching section but, as for 7 MHz, the per-

.formance is very effective. See Fig. 3.
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Fig. 3 —- Current standing—wave distripbution on
the antenna and matching section at 10 Mdz. The
antenna functions as a collinear array with two
half waves fed in phase.

14 MHz: At this frequency the conditions are
ideal. The flat-top forms a 3A/2 long center-fed

antenna which produces a multilobe polar diagram
with most of its radiated energy in the vertical
plane at an angle of about 14 degrees, which is

effective for working DX. Since the radiation re-
sistance at the center of a 3A/2 long-wire antenna
supported at a height of 1/2 above ground of average
conductivity is about 20 ohms, and the 24-ft match-
ing section now functions as a 1l:1 impedance trans-
former, a feeder of anything between 75 and 80 ohms
characteristic impedance will see a nonreactive
(i.e., resistive) load of about this value at the
base of the matching section, so that the SWR on the

feeder will be near 1l:1. Even the use of 50-ohm
- coaxial feeder will result in an SWR of only about
1.8:1. It is assumed here that 34 f{t is a reasonable

average antenna height in amateur installations. See
Fig. 4.

18 MHz: The antenna functions as two full-wave
antennas fed in phase; it combines the broadside
gain of a two-element collinear array with a some-

what lower zenithal angle radiation than a A/2
dipole because of its long-wire characteristic. See
Fig. 5. -

21 MHz: On this band the antenna works as a
long wire of five halfwaves, producing a multilobe

poldr diagram with effective low zenithal angle
radiation. Although a high resistive load is pre-
sented to the feeder at the base of the make-up

817
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Reststive [0ad approx 90[}/
Fig. 4 — Current standing-wave distribution on
the antenna and matching section at 14 MHz, In
this-case the antenna functions as a center-fed
long wire of three half waves out of phase. The

_matching section now functions as a 1:1 impedance

transfprmer, presenting a resistive load of ap-
proximately 90 ohms at the lower end.

Hign Z 1oaa {resistive)

Fig. 6 —Current standing-wave distribution on
the antenna and matching section at 21 MHz. On
this band the antenna works as a long wire of
five half waves. The base of the matching section
presents a virtually nonreactive high impedance
load to the feeder.
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Fig. 5 -—— Current standing-wave distribution on
the antenna and matching section at 18 MHz. The
antenna functions as two full-wave antennas,

slightly folded up at the center, fed in phase.

section, the system loads well when used in con-
junction with a suitable matching network and
radiates effectively for DX contacts. See Fig. 6.

24 MHz: The antenna sgain functions cffectively
as a 5)/2 long wire, but because of the shi{: in the
positions of the current antinodes on th-~ flat-top
and the matching section (Fig. 7), the mu: ing or
make-up section now presents a much lower resistive
load condition to the feeder connected to its lower
end than it does on 21 MHz. Again, the polar diagram
is multilobed with low zenithal engle radiation.

28 MHz: On this band, the antenna functions as
two long-wire antennas, each of three half waves,
fed in phase. The polar diagram is similar to that
of a 3A/2 long-wire, but with even more gain over a
A/2 dipole because of the collinear effect obtained
by feeding two 34/2 antennas, in line and in close
proximity, in phase. See Fig. 8.

Construction

.. The Antenna -

The dimensions of the antenna and its matching
section are shown in Fig. 9. If possible, the [lat-
top should be horizontal and run in a straight line,
and should be erected as high as can be above
ground. In describing the theory of operation, it

. has been assumed that it is generally possible to

erect the antenna at &n average height of about 34
ft, which hoppens to be the optimum height for the
antenna .at 14 MHz. Although this is too low for
optimum radiation efficiency on 1.8, 3.5, and 7 MHz
for any horizontal type of antenna, in practice few
amateurs can install masts of the optimum height of
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Resistive ioad approx 901100!2

Fig. 7 — Current standing-wave distribution on
the antenna and matching section at 24 MHz. The
antenna functions as a long wire of five half
waves.

-
High Z toad (slightly reactive)’

Fig. 8 — Current standing-wave distributicn on
the antenna and matching section at 28 MHz. The
antenna functions as two long-wire antennas each
of three half waves length, fed in phase. A very
effective form of antenna giving good multilobe,
low zenithal angle, radiation.

half a wavelength at 3.5 or 7 MHz, and certainly not
at 1.8 MHz.

If it is not possible to accommodate the 102-ft
top in a straight line because of space limitations,
up to mbout 10 ft of the antenna wire at each end
may be allowed to hang vertically or at some conven-
ient angle, or be bent in the horizontal plane, with
little practical effect on performance. This is
because, for any resonant dipole antenna, most of
the effective radiation tskes place from the center
two-thirds of its length where the current antinodes
are situated. Near each end of such an antenna, the
amplitude of the current stending wave falls rapidly
to zero at the outer extremities; consequently, the
effective radiation from these parts of the antenna



is minimal.

The antenna may also be used in the form of an
inverted V. However, it should be remembered that
for such 8 configuration to radiate at maximum
efficiency, the included angle at the apex of the V
should not be less than 120 degrees.\3 The usé of 14
AWG cnameled copper wire is recommended for the
flat-top or V, although thinner geauges such as 16 or
even 18 AWG can pe used.

Sitt (15.5m 12 AWG SH1e (1S.54m) 12 AWG .

.
i

{10.36m) e MatChiNG SECtion

* gee text

Fig. 9 — Construction dimensions of the GS5RV
antenna and matching section.

The Matching Section

This should be, preferably, of open-wire feeder
construction for minimum loss. Since this section
always carries a standing wave of current (and
voitage), its actual impedance is unimportant. A
typical, and satisfactory, form of construction is
shown in Fig. 10. The feeder spreaders may be made
of any high-grade plastic strips or tubing; the
clear plastic tubing sold for beer or wine syphoning
is ideal.

If you decide to use 300-ohm ribbon type feeder

for this section, it 'is strongly recommended that
the type with "windows™ be used. It has lower loss
then a fecder with solid insulation throughout its
length, and it possesses relative f{reedom {rom the
detuning effect caused by rain or snow., If this
feeder is used for the matching section, allowance
must be made for its velocity factor (VF) in calcu-
lating the mechanical length required to resonate as
a half-wave section electrically at 14.15 MHz. Since
the VF of standard 300-ohm ribbon feeder is 0.82,
the mechanical length should be 28 ft. However, if
300-ohm ribbon with windows is used, its VF will be
almost that of open-wire feeder, say 0.90, so its
mechanical length should be 30.6 ft.
, This section should hang vertically from the
center of the antenna for at least 20 ft or more if
possible. It can then be bent and tied off to a
suitable post with a length of nylon or terylene
cord at an above-head height. Supported by a second
post, its lower end is connected to the feeder.

The Feeder

maiChing nelwork 1Is use€d.” fn the ornginal article
describing the GSRV antenna, published in the RSGB
Bulletin for November 1966, it was suggested that
if a coaxial cable feeder was used, a balun might be
employed to provide the necessary unbalanced-
to-balanced transformation at the base of the
matching section. This was because the antenna and
its matching section constitute & balanced system,
whereas a coaxial cable is an unbalanced type of
feeder. However, later experiments and a better
understanding of the theory of operation of the
balun indicated thet such & device wes unsuitable

27 (Scm)
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Matching seclion spreader wire 12°
Approx Tcm wige plastic strip {30cm)
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Fig. 10 — Constructional details of the matching
section, Also suitable for open-wire feeder
construction.

because’ of the highly reactive load it would see at
the base of the matching or make-up section on most
HF bands.

If a balun is connected to a reactive load with
an SWR of more than 2:1, ‘its internal losses in-
crease. The result is heating of the windings and
saturation of its core, if one is used. In extreme
cases with relatively high power operation, the heat
generated in the device can cause it to burn out.
The main reason for not employing a balua in the
GSRV antenna, however, is that unlike & matching
network, which employs a tuned circuit, the balun
cannot compensate for the reactive load condition
presented to it by the antenna on most of the HF
bands, whereas a suitable type of matching network
can do this most effectively and efficiently.

Experiments were conducted to determine the
importance, or otherwise, of unbalance effects
caused by the direct connection of @ coaxial feeder
to the base of the matching -section. There was a
rather surprising result. The research showed that
the HF currents measured at the junction of the
inner conductor of the coaxial cable with one side
of the (balanced) matching section, and at the
junction of the outer coaxial conductor (the sheath)
with the other side of this section, are virtuslly
identical on all bands up to 28 MHz, where a slight,
but inconsequential difference in these currents has
been observed. There is, therfore, no need to pro-
vide an unbalanced-to-balanced device at this
junction when using a coaxial feeder.

The use of an unbalanced-to-unbalanced type of
matching netWork between the coaxial output of a
modern transmiiter (or transceiver) and the coaxial
feeder is essential. This is because of the reactive
condition presented at the station end of this
feeder, which on all but the 14-MHz band, will have
a fairly high to high SWR on it. The SWR, however,
will result in insignificant losses on a good-
quality coaxial feeder of reasonsable length; say, up
it, the actual characteristic impedance of the cable
is unimportant.

Another convenient f{eeder
employed is 75-ohm twin lead,

type that can be
It exhibits a rela-

-tively high loss at frequencies above 7 MHz, how-

cver, especially when a high SWR is present. |
recommend that not more than 50 to 60 ft of this
type be used between the base of the matching
section and the matching network. The 75~ohm twin
lead available in the United Kingdom is of the
receiver type; less lossy transmitter type is
available in the United States.
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By far the. most” efficient feeder is the open
wire type. A suitable length of such cen be con-
structed in the same manner as that described for
the open-wire matching section. If this form is
employed, almost any length may be used from the
center of the antenna to the matching network
(balanced) "output terminals. In this case, the
matching section becomes an integral part of the
feeder. A convenient length of open-wire feeder is
84 ft. It permits parallel tuning of the matching
network circuit on all bands from 3.5 to 28 MHz, and
with conveniently located coil taps in the matching
network coils for each band, or where the altern-
ative form of a matching network employing a three-
gang S00 pF/section variable coupling capacitor is
used, the optimum loading condition can be obtained
for each band.\4 This is not a rigid feeder-length
requirement, and almost any mechanically con-
venient length may be used. Since this type of
feeder will always carry a standing wave, its
characteristic impedance is unimportant. Sharp
bends, if necessary, may be used without detriment
to its efficiency. It is only when this type of
feeder is correctly terminated by a resistive load
equal to its characteristic impedance that such
bends must be avoided.

Cosxial Cable HF Choke

Under certain conditions a current may flow on
the owutside of the cosxial outer conductor. This is
because of inherent unbalanced-to-balanced effect
caused by the direct connection of a coaxial feeder
to the base of the (balanced) matching section, or
to pickup of energy radiated by the antenna. It is

.
an undesirable condition ond may increase the
chances of TVl [from fundamental overload, if the
feeder is routed near a TV receiving antenna —
Ed.). This effect may be reduced or eliminated by
winding the coaxial cable feeder into a coil of 8 to
10 turns about 6 inches in diameter immediately
below the point of connection of the coaxial cable
to the base of the matching section. The turns mey
be taped together or secured by nylon cord.

It is important that the junction of the coax-
ial cable to the matching section be made thoroughly
waterproof by any of the accepted methods. Binding
with several layers of plastic insulating tape or
self-amalgamating tape and then applying two or
three coats of polyurethane varnish, or totally
enclosing the end of the coaxial cable and the con-
nections to the base of the matching section in &
sealant such as epoxy resin are a few methods

used.

References

\1l Varney, L., "ATU or astu?,” Radio Communica-
tion, August 1983.

\2 See Ref. 1.

\3 Varney, L., "HF Antennas in Theory and Prac-
tice — A Philosophical Approach,” Radio
Communication, Sept. 1981.

\4 See Ref. 1.



