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The Story of the 
Broadband Dipole

Dave Leeson, W6NL

15300 Soda Springs Rd., Los Gatos, CA 95030; leeson@earthlink.net

A dipole can be broadbanded by a number of techniques including 
by matching with resonant sections of transmission feed lines.

The 80-meter amateur band covers a very 
large fractional bandwidth. I was looking 
for a way to avoid retuning my 80-meter 
inverted V on a 140-foot guyed tower, since 
the ends are out of reach even if they are 
folded straight down. I found that lumped-
element matching networks or the often-
referenced Bazooka dipole and other forms 
of thicker conductors were neither practical 
nor effective for me at the lower HF bands.1

In a November 1997 posting on the 
TowerTalk mail list, I remarked2, 

“There’s an interesting method of 
broad banding antennas mentioned in 
various ARRL publications by Frank 
Witt, AI1H. It uses the transmission 
line length you are going to need any-
way to match at two frequencies in the 
band (say 3.52 and 3.80 MHz). It’s also 
mentioned in a text I use teaching a 
graduate microwave course at Stanford, 
and I have been wanting to try it.”
In particular, I was referring to a September 

1993 article3 by Frank Witt, AI1H, that graced 
the pages of QST. Witt uses two cascaded 
resonant lengths of transmission line, one a 
multiple of half wavelengths and the other 
a quarter wavelength, to create a broadband 
impedance match for a simple wire dipole, as 
reproduced in Figure 1. Witt says: 

“The antenna system described 
here is simpler than any of its prede-
cessors and has the following features: 
A 2:1 SWR or better is achieved over 
all or most of the 80-meter band. 
Antenna length and appearance are 
the same as those of a conventional 
half-wave dipole … The losses due to 
broadband matching are acceptable. 
[and] The dipole antenna itself is not 
broadband; the system uses a broad-
band match.”

QX1809-Leeson01

Transmitter SWR
Meter

Balun

A B

1 W
av

ele
ng

th 
of

50
 Ω

 R
G–2

13

Transmission Line Resonator

Center–fed Half–wave Dipole

1/4 Wavelength of
75 Ω RG–11

QX1809-Leeson02

50
 Ω

 C
oa

x

λ/4

1λ

Reso
nant @

 3650 kH
z

120° Angle Minimum

75 Ω Coax

Figure 1 — Broadband feed line match from Witt, AI1H.

Figure 2 — Inverted V with broadband feed line match.
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Figure 3 — Calculated SWR in the (A) 80-m band and (B) 40-m band.

Figure 4 — Wide-band match calculated by Cebik, W4RNL.
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Witt’s idea seemed promising, especially 
after analysis using a spreadsheet and Smith 
chart software. This simple configuration 
would not arc or melt at high power, nor 
tangle or break with wind and ice loading. I 
found that this general concept was known4 
as early as the 1940s. If an inverted V is 
used, the angle must be shallow to keep the 
radiation resistance higher than the feed line 
characteristic impedance. Figure 2 is a sketch 
of the inverted V and feed line matching 
network from a talk I gave5 in October 1998. 
From my post on TowerTalk:

“Here is a summary of an 80-m 
inverted V I put up that matches 1:1 
at the CW and SSB frequency. The 
inverted V is designed using AO to res-
onate at 3.67 MHz (geometric mean 
of two frequencies of interest), and 
to have enough height and included 
angle to have a resistance at resonance 
of 70-75 ohms. The apex is at 120 ft, 
and the angle is about 120 degrees. I 
use the AO optimizer, then knock off 
1% length from experience.

Now for the interesting part. I mea-
sured a full wavelength of 50-ohm 
coax using the MFJ-259 antenna 
scope. Using Belden 8214, it’s about 
205 feet long, connects to the antenna 
1:1 balun and comes down to the 
ground. Next is connected a 1/4 wave-
length of 75-ohm coax. 

“At the transmitter end of the 
75-ohm quarter wave, the match is 
perfect (less than 1.1:1) at 3520 and 
3800 [kHz]! This should work for a 
horizontal dipole, or any antenna with 
impedance in the 75-ohm range. 

To see if this was a fluke, I put up a 40 m 
dipole at 50 feet for Sweepstakes. It uses 
a half-wave of 50-ohm coax followed by 
the quarter-wave section of 75-ohm coax, 
and it matched fine at 7.0 and 7.25 MHz.” 

The calculated SWR response for the 80 
m antenna is shown in Figure 3A, and the 
SWR response for the 40 m antenna is shown 
in Figure 3B, from my 1998 presentation.

L. B. Cebik, W4RNL, posted a confirming 
comment the following day, in which he 
provided 80-m calculated results for various 
configurations, based on dipoles rather than 
the inverted V.6 Cebik later posted a more 
thorough analysis on his web page.7 His 
principal result, the graph of an analysis of 
the effect of differing half-wave line-length 
multiples, is also found in a talk8 by Jim 
George, N3BB, and is reproduced in Figure 4.

This antenna has proven to be a useful 
addition to the toolkit of station design and 

construction. We made use of several such 
dipoles in our successful contest station9 in 
the Galápagos Islands, HC8N.

In experimenting with a 40-m dipole 
and this feed system, I found that one 
could compensate for antenna mistuning by 
adjusting the length of the 50 W transmission 
line. This is in essence creating a series-
section transformer to match an arbitrary 
impedance.10 An extended analysis of the 
transmission-line matching scheme is found 
in a paper11 by E. J. Shortridge, W4JOQ. 
However, it is generally easier to adjust the 
length of the dipole legs themselves, rather 
than change the transmission line lengths and/
or impedances. Once the required multiple 
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half-wave 50 W transmission line is in place, 
an antenna impedance bridge can be used at 
the feed end on the ground to cut the antenna 
to resonance at the chosen center frequency.

History of Broadband Matching 
Alternatives

Broadband impedance matching12 
has drawn particular interest since the 
development of microwave radar in the 
Second World War. The classic Fano paper13 
that defined limits appeared as a thesis 
in 1948, and was published in 1950. The 
specific techniques of broadband antenna 
matching have been explored over the 
years.14 The continuing interest in dipole 
matching bandwidth is evidenced by a recent 
paper15 on the subject.

In general, a dipole antenna can be rendered 
more broadband by increasing its diameter to 
reduce the reactance variation with frequency 
— but at the lengths of HF antennas this is 
not a great improvement even if a wire cage 
is employed — or by compensating the feed 
point reactance variation with some form 
of matching network, preferably one that 
does not introduce excessive loss. A useful 
simple model for the driving impedance of a 
half-wave dipole antenna near resonance is 
a quarter-wave transmission line loaded by 
a resistance corresponding to the radiation 
resistance.16 The reactance is not zero at an 
exact half-wave length, and is typically zero at 
a length slightly less than one half wave. The 
exact reactance at a half-wave and the length 

for zero reactance both depend on the diameter 
and shape of the dipole. There are more 
precise lumped-element models in recent 
literature.17 Two comprehensive summaries 
of broadband antenna models and impedance 
matching are by S. Stearns, K6OIK.18 

The search for a broadband 80-m dipole 
antenna has a long history, culminating 
in a series of articles19 by Frank Witt, 
AI1H. Beginning with the antennas seen in 
early radio, a wide range of broadbanding 
concepts has been explored. Here are some 
major categories:
•	 Cage, parallel wire, fan or bow-tie 

dipoles that have a large equivalent 
diameter or that approximate conical 
dipoles20

•	 “Bazooka” dipoles with coaxial 
radiating elements21

•	 Multiple dipoles with staggered 
resonances22

•	 Dipoles with a coupled resonator “open-
sleeve” element23

•	 Dipoles with lumped reactive matching 
networks24

•	 Dipoles with coaxial radiating and 
matching elements25

•	 Dipoles with resonant feed line 
matching, as outlined in this article.

Collinear half-wave dipoles have higher 
feed-point impedance and could provide 
wider bandwidth. A simpler version is the 
Extended Double Zepp, but in either case the 
pattern may be narrower than desired and the 
extra physical length may be undesirable.26

The “open sleeve” or coupled dipole 
approach is similar in concept to the technique 
of using a Yagi director close-coupled to the 
driven element in the “OWA” Yagi designs 
that produce a wide SWR curve.27

There are mechanical and reliability 
problems associated with many of the 
broadbanding schemes. Cage and multiple 
dipole configurations have a tendency to 
become twisted in the wind, are difficult to 
construct and install, take up more space, 
and have greater visual impact than a 
simple dipole. Coaxial radiating elements 
require sealing from the weather, are heavy 
to support and are not necessarily strong 
enough to avoid stretching under load. In 
addition, some of the published designs 
don’t have sufficient broadband response, 
while others are broadband mainly because 
of losses in the matching network.

The advantage of resonant feed-line 
matching lies in its simplicity and the fact 
that there are no additional losses at the 
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Figure 6 — Smith chart shows impedance vs. frequency, (A) on left at antenna terminals, and (B) after multiple half waves.
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antenna itself. For the specific application 
in the 80-m amateur band, this approach has 
proven to be effective and reliable.

Visualizing How This Works
Circuit theory and a Smith chart 

representation can help to understand how 
resonant matching of resonant elements 
works.28 This technique is particularly 
applicable in the case of a load impedance 
that has the characteristics of a series RLC 
network. This is typical of antennas, and is 
shown schematically in Figure 5.

A Smith chart is a polar plot of complex 
reflection coefficient. The impedance plot of 
this form of load, in this case for R > Z0, is 
shown in the Smith chart plot of Figure 6A, 
with the arrow in the direction of increasing 
frequency. Placing a parallel resonant circuit 
across the terminals of the dipole, or feeding 
it through a single or multiple half-wave line 
of suitable Z0, results in a trace that curls 
back on itself as frequency varies.

The operation of the matching network 
is to close up the arc of the impedance 
plot as shown in the Smith chart of Figure 
6B, resulting in a smaller range of SWR. 
In particular, the feed line of Figure 7 is 
electrically shorter at the low-frequency 
end, and longer at the high-frequency end, 
thus achieving the desired closing of the 
impedance curve.

A final step is to use a matching network 
such as an LC network, its transmission line 
equivalent or the series section network to 
bring the smaller impedance plot to the center 
of the Smith chart. As sought in filter design 
and current ultra-wideband antenna work, a 
trace that curls around the center of the Smith 
chart represents a broadband low SWR.29 

This type of resonant matching is not 
widely known, but is highly effective in the 
case of impedances of the form of a loaded 
series resonant circuit. More than one half-
wavelength can be used if the line impedance 
is not optimum, and a short addition or 
subtraction can be made from the line length 
to “center” an impedance plot that is not 
symmetrical. For the specific impedance 
plot shown here, we require Z01  <  RL. 

More detailed descriptions of this matching 
concept have been available in the technical 
literature for quite some time.

Dipole Models of Improved 
Accuracy

Tang, et al.30, present some more accurate 
equivalent circuits for a dipole near its 
half-wave resonance. These may possibly 
be worth exploring, but the simple three-
element equivalent circuit, as shown in 
Figure 8, seems adequate for this application.

In this model, the series capacitance is,
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where wo is the resonant frequency and 
Rao is the radiation resistance at resonance.

For a 3.65 MHz dipole using #10 
AWG wire, the values are, C11 = 61.1 pF, 
L11 = 31.4 mH and R11 = 7.13 kW.

This model can be used with a Smith 
chart to experiment with various wide-band 
matching schemes. In general, the amateur 
bands are sufficiently narrow that the 
improvement available from a better model 
is not likely to have much effect, and in any 
event the Witt broadband transmission-line 
matching approach provides a very simple 
and useful antenna.

Dave Leeson, W6NL, was first licensed in 
1952. He enjoys the friendship, technology 
and contesting aspects of ham radio, having 
been part of winning radiosport efforts from 
North Africa, the Caribbean, the Galápagos 
and California. He is the author of the ARRL 
book Physical Design of Yagi Antennas, and 
was a designer of the IARU International 

QX1809-Leeson07

nλ

ZL

2

Z01
QX1809-Leeson08

R11

C11

L11

Figure 7 — Multiple half-wave transmission 
line.

Figure 8 — Dipole equivalent circuit, from 
Tang, et al.

Beacon Network. He drove a racecar, retiring 
in 1979 to return to ham radio after back-to-
back national championships. Professionally, 
he received degrees from Caltech, MIT and 
Stanford, is the author of widely cited journal 
papers on oscillator phase noise and nonlinear 
circuits, and is a Life Fellow of the IEEE. From 
1968 to 1993, he was the founding Chairman 
and CEO of California Microwave, Inc., 
retiring with a staff of two thousand. Since 
1994, he has been a Consulting Professor 
at Stanford, and is the faculty advisor of the 
Stanford Amateur Radio Club, W6YX. 
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