On Center-Fed Multiband

Dipoles

Is the G5RV really an all-band antenna?
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ince the opening of the 30, 17 and

12-meter bands, interest in the center-

ted dipole with tuned feeders has seen
arevival. Particularly popular is the GSRV.!
a multiband center-fei dipole with a particu-
lar fexd-{ine arrangement. This dipole can be
used ot the amateur bands 3.5 MHz and
above, Its arms are somewhat shorter than &
yuarter wavelength on 80 meters, which
wiakes it an attractive antenna for some, since
it will {it on many ity lots, Many amateurs
regard this antenna with its so-called special
fewd-line arrangement as a panacea, pareicu-
larly when it is used in a drooping dipole
(sometimes called inverted Vi configuration,
‘There is, however, nothing magical ur supe-
oL about the antenna;- [t is merely a center-
fed dipole with a particular teed-line arrange-
ment, which the newcomer to Amateur Radio
may Or may not want to duplicate, In fact, the
performance of 1 maltiband drooping dipole
cat be inferior to a dipole at the same apex
height. In preparing this article, we con-
ducted a critical analysis of center-fed multi-
band dipoles. and developed data on calcu-
{ated radiation patterns for horizontal and

Noles appear on page 38,
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drooping configurations.

Center-Fed Dipoles with Tuned
Feeders

The center-fed dipole with tuned feeders
was a simple and widely used multiband
antenna io the 1930s and 19405, and various
versions of it are still in use today, Because
cach half of the “flat top” is the same lenyth,
the feader currenis are balanced at all fre-
queacies, cxcept for any imbalance intro-
duced because one half of the antenna is
closer to the ground than the other. Antenna
length is aot particularly critical, nor is the
feed-line Jength; however, sume combina-
tions allow easier impedance matching to the
transmitter over a wide frequency range.

The dipole was yenerally fed with an
open-wire transmission  line. Antenna
lengths of 135 feet and 70 feet were typi-
cally used, with feed-line lengths ranging
from 40 to 75 feei. In the years hefore
affordable coaxial cuble, the entire transmit-
ting und radiating system was balanced.
Because modern transceivers and antenna
tuners are unbalanced devices, coaxial cable
is ow the preferred feed ling, Whalever the
feed-line arrangement, a balun is required,
which can lead to difficulties, as the load

may be 4 very reactive mismatch at sume
[tequencies.
GSRYV Version

in 1946, Louis Varney, GSRV, anxious
1o pet on the air after the war, designed and
erevied « multiband antenna which would fit
his average-sized backyard. The antenna
consists of a 102-fnot flat-top, split in the
center and fed by tuned feeders. Two ver-
stons were tested: ane using tul length open-
wire feeders (Figure 1A} and the other using
a 34-foot apen-wire stub fed at its base by
either transmiteing-grade 72-Q twin lead or
72-41 coax (Figure |B1. The length ot the
stub was designed to be a half wavelength at
14 MHz (the reason is discussed later). An
alternative to using au open-wire stub was
also tested, using 300-£2 ribbon. Tn this case,
the stub was shortened by the velocity factor
for the ribbon, The stub version, Figure B,
has become known as the G3RV Antenna. it
was first described in a nete by him in the
Tuly 1958 RSGB Bulletin.

With a suitable tuner, this antennacan be
used on all HF bands trom 3.3 to 30 MHz.
Yarney referred to this stub us a matching
section. {The italicization of matching sev-
tion and other words to follow i this para-
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Figure 1—At A, a multiband dipole fed directly with open-wire line. The line is matched with a baianced tuner. At B, L3 is a length of

7202 twinlead or coaxial cable.
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graph is Varney™s.) The statement matching
section has led to considerable uver-the-air
discussion and confusion over the vears, In
retrospect, Varney concluded that it was
probably « mistake to refer to this feeder
arrangement as a matching section when it
was only for the 20-meter band that it func-
tions as one. (The dipole impedance of ap-
proximately 100 £2 at the center of the 3/2-),
flat-top was transformed by the A/2 open-
wire line (length, 34 feet) to the base of this
section, thus providing an acceptable match
for a suitable length of 72-£2 twin leud or
coax feeder needed to reach the transmit-
ter.®) More uccurately, this marching section
i$ a series-section impedance transformer.,
The feeder is also 4 series-section imped-
ance transformer, 1 factor that in most cases
is completely ignored, Varney recom-
mended using open-wire tuned feeders to
reduce losses due to the large-amplitude
standing wave on this section of transmis-
sion line, and while he did not specify the
impedance, the constructional details given
currespond to a transmission-line impedance
(Zy) equal 10 523 Q.

Clearly, this feed-line arrangement is
special, since multiband dipoles are more
usually fed by means of a single feed line of
constant characteristic impedance, The
G5SRV ineffect uses acombination feed line:
the open-wire line as described above in
conjunction with the low-impedance feeder,
which connects the antenna to the transmit-
ter. This complicates discussion about the
antenna. The confusion over the use of the
words special, matching section and feeder
persists today. Some antenna experimenters
hold that the G5RV can be used without a
tuner on all traditional amateur bands. It is
carious how this idea came into the minds of
the radio amateurs using this antenna, be-
canse Varney never said that it could be used
without a tuner.

The GSRV antenna is typically not a per-
fect match on eny amateur band, und since
the SWR can be high un some bands, Varmey
recommended that no balun be used. This is
another topic of controversy. A balun should
be used to feed a balanced antenna by an un-
balanced transmitter; however, the use of g
balun can lead to difficuliies when the SWR
is too high. Without a balun there wiil be
some feed-line radiation, which can be par-
ticularly severe un some frequency bands.

Dipole QOrientation

Dipoles are often not instatled in a hori-
zontal straight line, Half-wave dipoles are
generally tolerant of hending., sloping or
drooping to fit the unteuna site, Bur this s
not always the case for muitiband dipoles.
We will consider here horizontal and droop-
ing dipoles; we will not consider bent di-
poles.

Louis Yarney has always illustrated his
multiband dipole mounted as a classical
horizontal dipole. But radio amateurs fre-
quently use muitiband dipoles ina drooping
configuration, since only one support mast
is needed. In fact. this configuration is illus-

trated in The ARRL Hardbook, which has for
years given details for such a multiband di-
pole with 50-foot arms. fed by an open-wire
transmission line, The caption under the
sketch giving constructional details states
that “the included angle (A) between the
arms of the dipole for best efficiency shoutd
be between 90 to 110°. The authors have
not seen substantiating data to suppuort this
recommendation. In fact, as we see, the op-
timem angle for a multiband dipole is 180°
{a horizontal dipole}.

Measured Impedance Characteristics

The authors” GSRV (in spite of what was
said previously) was installed as a drooping
dipole. The included angle (A} between the
arnts of the dipole was about 127°; the apex
height, about 30 feet. The dimensions for the
authors’ GSRV were those given by Louis
Varney: Li=102 ft; L,=34 x 0.95=32.3 ft of
430-Q transmission line. The Factor 0.95
is the velocity factor for the 450-0 ribbon.
The antenna was resonant {reactance
zero) on five frequencies in the 3- to 30-MHz
range: 3.49,7.52, 14,15, 19.5 and 24.6 MHz.
It is interesting to note that the antenna was
resonantin the 20-meter band, at 14.15 MHz,
as G5RY intended. The antenna’s resistance
at these frequencies was 16, 31, 148, 48 and
162 €2, respectively, This illustrates, in part,
the problem in achieving a low SWR for
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Figure 2--At A, input resistance versus
frequency for the antenna tested by the
authors; at B, input reactance versus
frequency; at C, input SWR.

harmonic-resonance {requencies of the
afitenna’s impedance-versus-frequency re-
sponse, For a 50-Q feeder (see the follow-
ing), the SWR at the corresponding resunant
frequencies would be 3:1, 1.6, 3.0, 1.04 and
3.24,

Our GSRV antenna was fed by an addi-
tional length of 50-€ coax transmission line.
We used a 31-foot length of mini-foam coax
(the total length of which included the length
of a 300-bead current balun: see below), The
antenna-system impedance is changed by
this feeder, depending on its length and char-
acteristics ({impeddnce and attenuation fac-
tork In Figure 2A and B, the measured input
resistance and reuctance versus frequency is
given for the antenna with a coaxial feeder
and balun. Note in particular the anti-
resonant responses in the 80-meter band, and
just above the 40-meter band. The GSRYV it-
sclf was resonant near these frequencies.

Figure 2C shows the SWR versus tre-
quency. Although the SWR was low (less
than 2:1) in three bands in the 2 to 30-MHz
range, unfortunately it is high for most ama-
teurbands. We should note that since a balun
was used, there will be insignificant current
on the cutside surface of the feed-line coax,
and therefore SWR should be independent
of the length of the coax,

The GSRV antennais clearly a multiband
antenaa. It is harmonically resonant on a
number of frequencies in the 3 to 30-MHz
range. Comparisons of measured SWRs we
obtained with those reported by others
showed low SWRs in different bands,
though sometimes outside amateur bands.

Drooping versus Horizontal Dipoles

Drooping the arms of the 4/2 dipole has
untly a small eftect on gain. When the length
of the dipole is greater than A/2. the place un
the arms of the dipole where the current is a
maximum is displaced from the center of the
dipole. In this ¢ase, these current maxima
accur at a lower height when the arms of the
dipole are drooping. We might, therefore,
expect that the effective height of the dipole
would be decreased, and hence the [avnch
atigle increased. But the pattern and gain
changes are more complicated than this,
When the dipole is horizontal, the takeoff
angle decreases continuously with increase
in frequency (since the electrical height of
the dipole increases with increase in fre-
quency), and when the puttern hecomes
multi-tobed, the maximum takeolf value has
the same value for all the lobes in the azi-
muthal plane. But this is not the case for the
drouping dipote. and the differences become
greater as the droop is increased.

A multiband dipole, if used at frequen-
cies where its electrical length is uppreciable
(greater than A/2) should be installed as a
horizontal dipole, or as nearly horizontal as
possible,

Conclusions and Recommendations

When reading about what has heen writ-
ten about the G3RV, or modified versions
based on the GSRV principle, we must not
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think ot the transmission-line segment 1., as
# matehing section: moie generally, it is a
sertes-section transformer. This view is par-
ticularly important when vonsidering the
cuimbined eftect of the open-wire line and
the cuaxial feeder, Cleurly the coaxiul feeder
of length L.y is an add-on series-section
impedance transformer. which may or may
nat include the impedance-transfer charac-
teristics of the halun. The analysis upproach
tpreviously publishedi has considered only
the inpedunce-transter characteristics of the
apen-wire part, hut has ignored the etfect of
the coaxial lead-in. This complication was
avoided by cousidering onfy SWR rather
than impedance. While there is nothing fun-
damentally wrong with this approach. in our
vtew this confuses our understanding of the
characteristics in the antenna system. Call-
mg Figure 1A’s antenna a dipole with tuned
feeders. and Figure 1B's antenna a dipole
with stub tuning, are also misnomers. Since
ah antenna tuner is used with the Figure 1B
antenna, this aatenna system is also a dipale
with tuned feeders.

Despite several studies by those who
have tried fo optimize dimensions for the
(i5RV type of mukttband dipole with its com-
bination feader arrangement, there is. in our
upinion, little to be gained by this endeavor,
Loujs Varney, in correspondence with au-
thor Belrose said: “While 1 think that Brian
Austin’ OBKW designs® of a multiband
antenna are interesting, in view of the fact
that whatever hands {on which] he manages
ta achieve ait SWR less than 2:1, there will
be other bands for which the SWR is greater
than 2:1, and therefore the use of a suitable
anteana tuner is essential [ would preter
more simply to use an antenna tuner,” The
duthors agree with this view held. Attempts
to optimize the antenna system are not
worthwhile, exceptif operation on a particu-
far band (or bandsi for field use without a
tuner is desired.

The tength of the dipole depends vn the
freguency band of interest, and since the
radiation pattern changes with frequency, the
hest length for the dipole as judged by a par-
ficular user should take this factor into ac-
count, The 102-foot length is a dimension
that is upproximately °/s A long at the lowest
frequency ol operation, 3.5 MHz, This is a
reasonable length. A dipole with shorter arm
lengths quickly becomes impractical, The
multi-iobed pattern for frequencies greater
than 10 MHz s, in our view, undesirable. For
communication in nonspecific directions a
mualtiband dipole meets the requirements. If
communication to a particular remote loca~
tion is desired, however, it is iinportant that
the weimuthal patiern not have a null in the
direction of interest. Dipole lengths greater
than .25 A generylly do not meet this re-
guirement. For operation on the higher
bands. 4 scaled-down multiband dipole could
be used, but other, quite different antenna
types could be used instead. For exainple, 4
simple all-band antenna that avoids the Jifti-
culty of pattern change with frequency, for
frequencies greater than [(+ MHz, is a com-
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pact horizontal loop. Another simple an-
tenna type, which the authors favor, isto use
several dipales in parallef (a so-culled fan or
vtagger-tuned dipole).

Dipole erientation is rather unimportant
at frequencies whete the dipole arms are
not appreciably greater than /2, whether
the dipole is horizontal or drooping. When
the Jdipele’s arm [ength becones greater
thai 1.25 &, though. it should be mounted
hocvizontally, or as horizontally as possible
(A > [27%).

In aur view, the correct teed-line length
for a multiband dipole is that required to go
from the output terminals of the antenna
funer to the antenna terminals, becanse—
regardless of the length of the feed line—
both the antenna uud the feed line ure made
resunant by the tuser, Our recommendation,
based on persenal experience. is to use open-
wire line for the total length of the required
{eeder, This will result in lower Josses. An
additional advantage In using a full-tength
feed line is that any necessary balun can be
inside the station, easing evaluation of its
performance. or vou canuse a balanced tuner,

1t is interesting to note that the 100~ to
150-Q impedance of the 1.5-4, 31.1-m-long
dipole, when used for the 20-meter band,
could be matched by employing two lengths
of coaxial eable to form 4 balanced line,
Varney desigoed his antenna to be resonant
at 20 meters, so this arrangement would have
suited him. This type of transmission ling has
heen used by us in vur studies of the perfor-
mance of dipoles and baluns. The use of a

low-imnpedance {ine limits the wxtremes of
impedance variations, and such 4 line is easy
to tabricate und feed into the station. In addr-
tion, its losses are not high (we recommend
foam-dielectric coaxj unless vou need a very
long feed line. ¢Our 300-bead 1:1 balun of
M1k 73 ferrite on minjature Teflon-dielectric
voaX s the best balun we have found tor use
with HE multiband dipole antennas, where
the mismateh impedance an be high.™)

Notes

'P. Hawker, “Morg on the GSRV/ZSEBRKW
Antennas,” Technical Tapics, Radio Commu-
nications, Jan 1993, pp 43-45; Feb 1893,

_ p 34 and Apr 1994, pp 53-54.

W, Maxwell, Reflechons (Newington: ARRL,

1980, pp 20-13 ta 20-18.

31, Varney, "An Eifertive Multi-Band Aenial of
Simgle Construction,” RSGB Bulletin, Jul
1958,

‘R, Schetgen, ed, The ARRAL Handbook for
Radio Amateurs, 1983 ed (Newington: ARRL,

_1992), p 33-9, Figure 15.

B, Austin, "Compuier-Aided Design of Mufti-
Band Dipole Based on the G5RY Principle,”
Radio Communication, Aug 1985, pp 614~

817, 824,

%), Belrose, "An Update on Compact Transmit-

_ ling Loops,” (ST, Nov 1993, pp 37-40.

"Small quantities of 30- and 100-41 Teflon-
dielectric cable, as well as 50-bead W2DU
and VE2CV 1:1 2nd 4:1 baluns in ready-io-
use or kit form, can be obtained from The
Wire Man, 261 Fittman Rd, Landrum, 8C
297356, tel 03-859-4195. We have noted that
radio amateurs in Notth America and
the UK have experienced difficulty in loca-
ting & source for Tetion-dlelectric coax—
particularly the 100-L type necessary for the
VE2CVY 4:1 baiun. P o

New Products

COMPACT CROSSBAND
REPEATER CONTROLLER

© Many modern dualband transceivers af-
fer crossbund-repeater functions, but lack
important functions, such as automatic
IDer, hang and time-out timers, telemetry
tones, private voice mail and Digital Voice
Crperated Squelch (DVOS), The HRC-101s
smaller than most hand-heid transceivers,
and converts a hand-held rig into a tull-
featured simplex or duplex repeater system.
The compact controller connects guickly
to the speaker and mike connectors, and can

be powered by an internal battery or exter-
nal dc supply. Optional carrier-operated
syuelch input and PTT output allows the
unif to be used as a “repeater maker.” and
provides basic [D and timer tfunctions fora
repeater systent, Retail price 15 §299 plus
s/h. Spectrum Blectronic Products, 4740
Scotts Valley Dr, Scotts Valley, €4 95066,
tel 408-43%-2788, fax 408-438-6027,

Choose crossband repsater frecquencies
carefully, Check with your local spectrum
management or repeater coordination group
BER]

for guidance—Ed.






