A Simple Broadband Dipole for

80 Meters

Turn your existing 80-meter dipole into a broadband antenna by
simply modifying the feed line. Multiband operation is an option.

By Frank Witt, Al1H
20 Chatham Rd
Andover, MA 01810

conventional coax-fed, half-wave
A dipole doesn't provide a low SWR

over the entire 30-meter band—an
inconvenience for those of us who like to
operate phone and CW on that band, Several
approaches to overcoming this limitation,
short of an antenna tuner in the station, have
been described.!? The antenna system
described here is simpler than any of its pre-
decessors and has the following features:

* A 2:1 SWRorbeiteris achieved overall
or most of the 80-meter band.

« Antenna length and appearance are the
same as those of a conventional half-wave
dipole. Consequently. it’s lightweight and
has small wind and ice loading.

*» The antenna configuration permits
multiband operation with a single feed line.

« The losses due to broadband matching
are acceptable,

* The cosi is aubout the same as a conven-
tional half-wave dipole.

All the SWR data given in this article
were measured at the transmitter end of the
feed line. The reference impedance is 50 €2,
since most equipment is designed for this
impedance. The tetm antenna system as used
throughout this article includes not only the
radiating wire, but also the feed line, balun
(if used), any Hghtning-protection measures,
antenna tuner and so forth,

The dipole antenna itself is not broad-
band; the system uses a broadband match.
The key broadbanding element of this an-
tenna system is the transmission-line reso-
nator: Part of the transmission line compen-
sates for the reactance presented by the
dipole away from its resonant frequency.
This part of the line is a multiple of an elec-
trical haif wavelength. Another part of the
line presents an approptiate source imped-
ance to the transmission-line resonator
(TLR).

First I’11 describe a version of the broad-
band antenna system. along with some prac-
tical resuits. Then P'll cover the important
matter of antenna-system loss. Following
that are some variations to suit specific
requirements, and a method for using the

Notes appear on page 30,
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Fig 1—Cne form of the simple broadband antenna system. It resembles a conventional
dipale except for the a-wavelength, 75-02 segment. Points A and B are discussed in

the text.

Table 1

Calculated and Actual Lengths of the
Broadband Dipole Antenna at Al1H

Calculated  Actual
Yi-k Coax 43.3 feet 43.3 feet
1-A Coax 173.1 feet 170.5 feet”
Dipole 124.5 feet 122.7 feet

*Includes 11 inches for batun.

antenna for several bands. I’l] also compare
transmission-line-resonator broadbanding to
other broadbanding methods.

The 80-Meter Broadband Antenna
System

Fig | shows the simple broadband an-
tenna system as used at my station. The an-
tenna proper is a center-fed half-wavelength
dipole. The transmission line is segmented
into one electrical wavelength of 50-C coax
and an electrical quarter wavelength of 75-Q
coax. The calculated and actual lengths are
shown in Table i, Lengths were calculated
using the formulas given later in this article,
using a center frequency (Ey) of 3.75 MHz
and VF (velocity factor) of 0.66, The actual
lengths resulted after I performed the tuning
procedure described later. Manufacturing
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Fig 2—Measured SWR versus frequency
for the broadband and conventional
aritenna systems.

variations from the published cable velacity
factors, and some stretching of the coax,
contributed to the differences between ac-
tual and measured values. (The actoal
lengths were measured on untensioned
cable.) The antennais installed as an inverted
V with a 140° included angle and an apex
height of 60 feet. The wire size is #14, but is
not critical.

This system’s SWR (at the transmitter)
as a function of frequency is shown in Fig 2.
For comparison, the SWR for the same
dipole fed with about %5 wavelengths (214
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Fig 3—Antenna-system configurations for
long teed-line runs. The solid lines are
SWR; the dotted lines are feed-line loss;
and the dashed linas are feed-line loss
pius mismaich loss. At A, a conventional
system using an RG-213 feed line; at B,
the feed line is a Y4-A section of RG-11
{75 £2) followed by 1 A of RG-213; and at
., a Y-k segment of BG-11 is followed by
1% of RG-11 (one %:-A piece of RG-11).
The total feed-line length in each case is
216.4 feet.

feety of RG-213 coax is also shown. (This is
the same total length as the RG-213 and RG-
11 segments used in the broadband system.)
The broadband system’s 2:1 SWR band-
width 15 2.2 times that of the conventional
system—and the only difference is the feed-
line configuration!

The radiating properties of the broadband
untenna over the 80-meter band are essen-
tially identical to those of a dipole cut for any
specific frequency in the band. Also, since
the antenna system is designed for a 50-Q2
transmitter, the feed-line length may be
extended by adding the required length of
50-£2 coax between the transmitter and the
yudrter-wave segment (point A in Fig 1).

A 111 current balun should be instatled at
the antenna’s feed point. I use the balun on
general principles. Often, it provides no vis-
ible difference in operation, but the balun
does minimize feed-line radiation. ¥ou can
determine whether your antenna needs a
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balun by measuring the SWR versus fre-
quency with and without a balun installed. If
the balun is not needed, the two sets of data
will be identical.

Antenna-Systemn Losses

It's impottant to know the losses in any
antenna system. This is especially true for
hroadband antennas, because loss alone can
hroadband an antenna system. As the next
section shews. the configurations presented
in this article do not yield a significant loss
penalty. Although other loss contributors
exist in antenna systems, we will focus on
the primary ones: feed-line loss and mis-
match loss. Other losses, such as obmic loss
in the antenna wire, are the same for both the
conventional and broadband  systems
described here.

Feed-line loss is the easiest to understand.,
ftis unavoidable, and is lowest when the feed
fine is flat (when the line SWR s ¢close to
1:0). At HF, feed-line loss results primarily
from ohmic 1osses in the copper conductors.

Mismatch loss wecurs when the imped-
ance seen by the transmitter is not the com-
plex conjugate of the transmitter’s imped-
ance (when the line SWR at the transmitter is
not 1:1). For a 50-02 transmitter, the mis-
match loss is 0 dB when the load impedance
is 50 Q. When the load impedance is nat
50 £, the mismatch loss can be made to be
0 dB if a transmitter with a tunable output
stage (such as a conventional tube-type
lingar amplifier) is tuned for a conjugate
raoatch. An antenna tuner can also provide
this match. [n this case, however, the an-
tenna-tuner loss {perhaps as much as [ dB)
replaces the mismatch loss in the total-loss
equation. That subject isn’t discussed here,

If you don’t use an antenna tuner and the
transmitter has a fixed-tuned 50-Q output,
loads that present the transmitter with an
SWR under 2:1 are highly desirable. The
impact of high SWR on mismatch loss will
become clear in the next section.

Loss must he kept in perspective, All of
the broadband antenna systems described
here have a worst-case total loss of less than
3 dB—mnot encugh to notice in many
80-meter QSOs, (1f the Toss 1s 3 dB, half of
the transmitter’s output poweris radiated and
half is lost elsewhere.) The main effect of
loss is stress on system components: that on
the transmitter due to the mismatched load,
and that on the transmission line due to
heating.

Variations

The broadband antenna system described
above is well-suited for the instailation at my
station, where the distance between the shack
and the antenna is relatively fong (more than
200 feet) and because [ use a 1-kW ampli-
fier, Other feed-line combinations are better
suited to other installations. Some of these
are shown in Figs 3 through 5, along with
calculated SWR und loss data. From this
information, you can select an appropriate
feed-line combination for your needs.
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Fig 4—Antenna systems for high power
and shorter feed-line runs. The solid lines
show SWR; the dotited lines represent
feed-line (0ss; and the dashed lines show
feed-line loss plus mismatch loss. At A, the
feed line is RG-213; at B, it's a %2 section
of RG-11 followed by two paralleled

%A lengths of RG-213; at C, a VA
segment of RG-11 is followed by two
paralieled Ye-i lengths of RG-11; and at D,
%A of RG-11 Is followed by %% 4 of
RG-213. The total feed-line length in each
case is 129.8 feet.

The figures also show the characteristics
of conventional dipole antenna systems. If
you compare them, you' il sec that the trans-
mission-iite resonator provides broad-
banding without a significant loss penalty. I
haven’t tried all these combinations, but
based on my experience, they should per-
form as predicted in most situations if the
radiator doesn’t deviate significantly from
the model [ used in my calculations: 2 dipole
125 feet long, 40 feet high, and made of #14



wire. This model is based on data provided
by Walt Maxwell, W2DU, in his book,
Reflections.” 1 chose his data since it is typi-
cal of many 80-meter installations,

All of the broadband antenna systems
use a “l-wave section and either a % or
| -wavelength section. Fig 3 illustrates a sys-
tem for long feed-line runs, It uses RG-11
and RG-213 cable and should be considered
for all power levels. Fig 3B covers the case
shown in Fig | und used at my station. The
feed line of Fig 3C is a continuous length of
RG-11 cable ¥ wavelengths long, The trans-
mission-line resonator is the 1-wavelength
section of the cable nearest the antenna.

This approach would also work with sur-
plus 75-0 CATV Hardline. A %, % or %4-A
section of -inch Hardline yields less than
2 dB feed-line loss plus mismatch loss over
the entire band. and less than 1 dB total loss
over any 300 kHz of the band. This configu-
ration is particularly attractive to contesters
and DXers, because even a fairly long line—
¥4 A is 372 feet of Vo-inch CATV Hardling—
gives low Joss and a very good match over,
say, the 3.5- to 3.8-MHz range.

Three broadband antenna systems are
shown in Fig 4. All of these are candidates
for applications requiring shorter feed-line
lengths. Figs 4B and 4C show the perfor-
mance realized when coax cables are paral-
leled 1o achieve a low equivalent character-
istic impeduance. Fig 3B, which results from
a 1-wavelength RG-213 transmission-line
resonator. and Fig 48, are very similar. The
latter system uses the sume amount of cable,
but it’s cut in half and parallel-connected.
‘This will become clear in the sidebar, “How
It Works.” The configuration in Fig 4D is
attractive because of its simplicity.

Lower-power applications without long
feed-line runs can use RG-58 and RG-5%
coax, Fig 5B shows how excellent broad-
banding is achieved with u remarkably
simple feed line. Again, no loss penalty
results from the broadbanding.

Adjusting the Broadband Antenna
System

The antenna system is easy to build and
adjust. First calculate the lengths (in feet) of
the transmission-line segments:

! 245.9 VF
““yuarter =
Ft)

491,8 VF
= half E

(Eq 1)

(Eq 2).
0
983.6 VF (Eq 3)
Sl T q .
Fg
where
L quarier = length of quarter-wave segment
Ly = length of haif-wave segment
Ly = length of full-wave segment |
VT = velocity factor
Fy = center frequency in MHz
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Fig 5—Antenna sysiems for low power and
shorter feed-line runs. The solid lines show
SWH; the dotted lines represent feed-line
loss; and the dashed lines show feed-line
loss plus mismatch ioss. At A, the feed line
is RG-58; at B, it's a ¥4-A section of RG-59
followed by ¥ 4. of RG-58. The total feed-
line length in each case Is 129.8 feet.

A good starting point for the dipole wire
length (in feet) is;

467

dipole =
Fy

{Eg4)

For the 80-meter application, I suggest
using an Fy of 3.75 MHz. It’s 2 good idea to
«ut the wires so that the overall length is
4feetlonger than necessary, in case you need
to lengthen the wire during tuning. Pass
2 feet of the extra wire through each end
insulator and wrap it back around the an-
tenna wire.

Totune the antenna system, you'll change
only the dipole and transmission-line-reso-
nator lengths. The best approach is to build
the antenna system as [ have outlined here
and to measure the SWR at the transmitter
end of the system. Any tilt or frequency off-
setinthe SWR characteristic can be removed
by increasing or decreasing the dipole or
transmission-line-resonator length. Start by
changing the length of the dipole. To im-
prove the SWR at the high end of the band,
the dipole must be shortened; to improve the
SWR at the low end of the band, the dipole
must be lengthened. Progressively add or
subtract 6 inches from both legs of the dipole
until the SWR curve is symmetrical about
the center frequency.

Frequency offset may be required to
center the SWR characteristic in the
80-meter band. You can move the entire
curvealong the frequency axis without caus-
ing asymmetry by changing both the dipole

and transmission-line resonator {engths
using the following equation:
. L (3750—&) Ea 5)
= e G
New Old 1750
AF is the required frequency offset in
kilohertz. Shortening the dipole and resona-
tor moves the curve center up in frequency,
and lengthening them moves the center
down. The length of the guarter-wave seg-
ment need not be changed, since the SWR
characteristic is not very sensitive to its
fength.

Lightning Protection

Every antenna system should be designed
to minimize the likelihood of a lightning
strike. One part of this is keeping all parts of
the antenna proper at ground potential. The
grounding should be done outside the shack,
by means of a good ground rod.

I recommend that you install a coaxial
lightning protector, which bleeds any static
charge from the center conductor, at point B
of Fig 1. The protector (and therefore the
feed-line shield) should be connected to a
high-yuality ground rod (the kind electri-
cians use) driven & feet into the ground.

Conversion of Existing 80-Meter
Dipoles

A study of the cases shown in Figs 3B, 4D
and 5B suggests that it’s possible to easily
convert many existing 80-meter half-wave
dipole antennas. Because the most popular
way to feed an 80-meter dipole is with a
50-£2 coaxial feed line, the conversion to a
broadband antenna system is straightfor-
ward. First trim the dipole for resonance at
about 3.75 MHz. Then cut the 530-(2 feed line
atamultiple of an electrical half-wavelength
(at 3.75 MHz) from the antenna, Calculate
this length using Eq 2 or Eq 3. Add the 75-Q
tJuarter-wave section, then complete the run
to the shack (if necessary) with 50-€2 coax.
Then use the tuning procedure described
carlier to optimize the system.

Multiband Operation

Most broadband 80-meter antenna sys-
tems are usable only on the 80-meter band,
because the broadbanding elements do not
allow efficient power transfer on other
bands. This is not true with the approach
described here, since the structure consists
only of a center-fed dipole and a transmis-
sion line. Moreover, the transmission-line
segments are close to multiples of an electri-
cal half-wavelength near 40 meters and other
bands. This opens the possibility for paral-
leling other half-wave dipoles with the
80-meter dipole and sharing the feed line.

To minimize their interaction, the vari-
ous dipoles should be spaced from each other
away from the feed point. Of course, some
interaction will occur and you must tune the
multiband system to meet your require-
ments, [ recommend first tuning the 8U-meter
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How It Works

A fundamemal way of achieving a
broadband match to a resonant
dipole antenna involves a parallel-
tuned LC network and an appropri-
ate source resistance. In an AF
Dasign article,” | described the
method for designing such networks,
aven with lossy resonators. The fop
of Fig A shows the equivalent
circuits of the antenna and maiching
network. The bottom of Fig A
illustrates the corresponding
elements in the antenna system.

The role ot the resonator is
played by the transmission-fine
segment nearest the antenna, It
must be a multiple of an eiectrical
half-wavelength. The quarter-
wavslength “Q"-section, made from
75-Q coax, transforms the 50-Q
transmitter resistance to 112.5 Q
(75%50 = 112.5). | won't go into the
design details here; they're the
subject of another article, “Broad-
band Maiching Using the Transmis-
sion-Line Rasonator,” in preparation
for The ARBL Antenna Compen-
dium, Volume 4.

For the structure of Fig A to yield
a broadband match, the characteris-
tic impedance of the fransmission-
line resonator and the transmitter
resistance must be within a range of
values. Fortunately, commonly used
fransmisston lines, which are
available in 50- and 75-L2 charactet-
istic impedances, work well in this
application. The broadband systems
of Figs 3 through 5 show the
usefuiness of this approach.

Fig B makes another significant
point. For this application, the
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Fig B—These two fransmission-line

" resonators behave essentially the same

in this ‘application. The characteristic
impedance of each cable segment is the

same, making the characteristic

impedance of the lower resonator half
that of the upper one.

Fig A~—Lossy broadband-matching-network equivalent circuit (top), and corresponding
simple broadband antenna system elements (bottom).

network parameters of a one-
wavelength transmission-line

" resonator (top) are similar to those
of a half-wavelength resonator
{bottom) with half the characteris-
tic impedance of the upper
resonator. Parallel-connecting two
identical cables is a convenient
way of achieving lower character-
istic impedances. This explains
the similarity of Figs 3B and 4B
and the similarity of Figs 3C and
4C.AlTH

*F. Witt, “Optimum Lossy Broadband
Matching Networks for Resonant
Anfennas," AF Design, Apr 1890, pp
44-51, and Jul 1890, p 10,

broadband systemm und then the next-
highest-frequency dipode, and so forth. Only
the 80-meter antenna will be broadband, but
such broadbanding is not required on the
other bands. Fig 6 shows the resuit of adding
a40-meter dipole to the Fig 1 antenna. Bach
dipole leg is 34.4 feet long, Note that the
SWR on BO meters changes very little
compared to Fig 2. No change was made to
the 80-meter dipole or the transmission line,
The multiple-dipole approach described
above achieves resonance on several bands
and eliminates the need for an antenna tuner
on those bands. Of course, if vou use an
antenna tuner, operation on all HF bands
should be possible, but this arrangement is
usually not as effective as the multiple-reso-
nance antenna sysiem described here be-
cause the feed-line loss is much higher,

Comparison with the Coaxial-Resonator
Match

How does the simple broadband dipole
described here stack up against other ap-
proaches for achieving a guod match over
the entire 80-meter band? The vcoaxial-
resonator match broadband dipole®® repre-

30 O5F-

sents one of the more cfficient designs
published to date. 1t achieves broadband
matching at the antenna by the integration of
Vi wavelength ot coaxial cable as a part of the
antenna.

Since the coaxial-resonator match
achieves a good match at the antenna, the
SWR on the feed line is low and the feed-line
loss is about the same as its matched loss,
However, the coaxial cable in the match
itself increases the system loss, The net
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Fig 6—Measured SWR for the 80- and 40-
meter multiband antenna system.

result is that the total loss 1s about the same
with the coaxial-resonator match, but the
SWR at the transmitter is lower, never
exceeding about 1.6:1 between 3.5 and
4 MHz. Once the SWR is [ess than 2: [, how-
ever, a lower SWR has little value unless
you're using a transmitter that significantly
reduces power at such SWRs.

Note that the approach described in this
article uses a thin wire for the antenna. Most
other broadbanding approaches use addi-
fional wires or radiators made partly from
couxtal cable and are vulnerable to damage
from wind and ice lpading, Their additional
wetght and complexity are also limitations.

From the above comparison, the simple
broadband antenna system has, by its very
simoplicity, an edge over the coaxial-resona-
tor match, at feast in applications where the
simpler approach is feasible. Because of the
{imitations of available coaxial cables. the
opportunity for a satisfactory design is con-
strained, On the other hand, the coaxial-
resonator match has more adjustment para-

(continued on page 76)





