160-meter
transmission line antenna

If height or space
is a problem, try this

If you're like me, you don’t have adequate yard
space to put up a half-wave dipole on the 160-meter
band or a tower to load as a short vertical. In the past,
) tried not to let this discourage me from getting on
160, but the RF burns and unanswered calls that re-
sulted from loading up a 40-meter dipole forced me
to come up with a better antenna!

Short transmission line antennas have been used at
UHF and microwave frequencies for quite some time.’
Small slots carved into the bodies of fast-moving
vehicles (airplanes and rockets) have been used to
effectively radiate RF energy using transmission line
principles. In fact the folded dipole, commonly used
with FM receivers, uses these same principles to
receive RF signals. Other types of transmission line
antennas include the “’low-profile’’ type used on trains
and emergency vehicles, where the antenna structure
protrudes just fractions of a wavelength above the
vehicle body. These antennas are advantageous when
antenna size and height are extremely limited.

| live in an apartment complex. The tallest structures
are a couple of 30-foot trees in my small backyard. |
have also found that good grounding is a problem,
making the use of an “RF-free”” tuner difficult. After
attempting to work the top band with my existing 20-
meter and 40-meter dipoles (none too successfully),
| decided to give these transmission line ideas a try.
The results have been gratifying, to say the least. | now
have a resonant 160-meter antenna that requires no
tuner, is directly coax-fed, has given no trace of RF
in the shack, and provides enhanced reception due to
very low noise pick-up.

with the coaxial cable or ladder line that feeds their
antenna — something that “‘carries power to the
antenna,”” and not something that should, itself, radi-
ate RF. Of course, it is undesirable to have our feedline
radiate, but many successful antennas, such as the
longwire, the rhombic, and the Beverage are indeed
unbalanced {radiating) transmission line extensions of
their feed systems. By configuring these lines properly,
resulting current distributions along the wires enable
these transmission line extensions to emit and receive
far-field RF energy. By analyzing a familiar transmis-
sion line antenna, the half-wave folded dipole, we can
get a feel for how and why a transmission line
antenna works.

Consider a folded dipole made of twin-lead transmis-
sion line (fig. 1). This type of feedline typically has a
300-ohm characteristic impedance. We can think of
this antenna as being driven by our transmitter, an un-
balanced RF source voltage. A common and useful
technique used to analyze transmission lines is the
superposition principle, where the original source
voltage is replaced by several different sources which,
when combined, add to give the equivalent voltage
of the original source. Superposition is used to recon-
figure the folded dipole as shown in fig. 2. By break-
ing down the superposition model, it is possible to con-
struct and identify distinctive modes that characterize
the behavior of the antenna. Figure 3A shows “’push-
push’’ or even-mode feeding, in which both wires in
the twin-lead transmission line are excited by the same
voltage, and have currents traveling in phase. Figure
3C illustrates “‘push-pull,” or odd-mode feeding,
where the two wires of the twin-lead have currents
traveling in opposite directions at any time. The impe-
dances presented by the even and odd modes in terms
of the excitation voltage and currents are easily found
with the superposition model.

. By Ted S. Rappaport, N9NB, Box 283, Electrical
how it works Engineering, Purdue University, West Lafayette,
Many people associate the term ““transmission line”  Indiana 47907
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fig. 1. Folded dipole antenna.

fig. 2. Equivalentfolded dipole modelusing superposition.

For the even mode case:

¥]
Zeoven = Tei;; = 27::; (even mode) (1)

Since the pair of voltage sources in push-push are
similar to just a single source voltage V/2 driving two
parallel strands of wire (assuming the twin-lead spac-
ing is much less than a wavelength), the even-mode
impedence is that of a ""wide” dipole (Zyyen = 50 to
75 ohms). This simplification is shown in fig. 3B.
Because the even {push-push) mode does the radiat-
ing, it is sometimes called the antenna mode. Note
that the value of current in each of the transmission
line wires is half of the total even-mode current.

For the push-pull case, the odd mode impedance
is given by:

4]
2 V;

Zodd = Lot = 2-1;'2; (odd-mode) (2)
Zodq is the parallel combination of the impedances of
each of the short-circuited ends of the folded dipole,
reflected 1/4 wavelength back to the center feedpoint.
Recall that a short-circuited transmission-line offers a
near infinite impedance when the source is placed one-
quarter wavelength from the short. The odd mode
(sometimes known as the transmission line mode)
impedance is made very high in this manner. Instead
of short circuits, resistors can be placed at various
nodes to alter even and odd mode impedances, as well
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as current distributions. This is sometimes done with
rhombic antennas and vee beams. For our folded
dipole example, we can observe that the antenna
mode offers an impedance to RF on the order of a
dipole antenna, whereas the transmission line mode
offers extremely high resistances to RF.

Specifically, the input impedance to the antenna is
easily computed (using superposition} as:

7. - ( Vin. >: Vi
o Lin [(]even/2> + Iodd]
Vin
- <L/I;L + ( Vin @
4Zeven 2Zoa'a'
42 ovenZodd

= (2Zeven + Zoad)
Observe that for Z, 44 very large (as is the case here):
Ziy = 4Z,ypen = 300 ohms

We find that not only does this transmission-line
antenna radiate, but it also has an input impedance
of four times that of a conventional dipole. Conven-
iently, this structure can be fabricated out of 300-ohm
twin-lead, and can also be fed with 300-ohm twin-lead,
providing a good match to a 300-ohm receiver. In the
case of Yagi antennas, where the mutual impedance
effects drop the antenna feedpoint to below 20 ohms,
a folded driven element can be used to increase feed-
point resistance by roughly a factor of four.?

using the ground as an image

By using the ground to electrically provide half of
the antenna system, we can think in terms of a single
wire above ground. Figure 4 shows something that
looks like a folded-dipole using an image. Note that
the wire height must be much less than a wavelength
for the transmission line principles to hold. Since
horizontal image currents always travel in opposite
directions as do the wire currents, the horizontal por-
tion of this structure, unlike the original folded dipole,
will tend to cancel out in the far-field (i.e., the even
mode impedance for this antenna is extremely high).
The vertical shorting segments, however, will provide
a vertical radiation pattern, enabling this antenna to
emit and receive RF energy.

Closer inspection reveals that the antenna of fig.
4A is identical to the odd-mode excitation of the
original folded dipole. Recall that the odd-mode im-
pedance was calculated by considering the parallel
combination of the two transmission lines transferred
back to the feedpoint. By this technique, it is easy to
predict that the input impedance of the structure in
fig. 4A will be very high, and the radiation will be due
primarily to the short vertical segments at the ends of
the structure.
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fig. 3. Even and odd antenna mode configurations for
a folded dipole: (4} even-mode excitation; (8) even-mode
simplification — dipole antenna; and (C) odd-mode
excitation.
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Now suppose instead of folding both sides of the
antenna to ground, we open one of them and move
the feedpoint to a ‘‘strategic’’ location fig. 4B). This
type of antenna is known as a low-profile antenna, and
has effectively been used at low frequency (LF) and
medium frequency (MF) bands, as well as at
microwave frequencies.?

low profile antenna

To calculate the input impedance of the low profile
antenna at a particular feedpoint we need only deal
with the odd mode, since, as was the case for the
antenna in fig. 4A, the even mode offers an extremely
high impedance because of image current cancel-
lation.

Again, we must combine in paralle! the impedances
of the open and shorted (folded) sides of the struc-
ture. For any transmission line, input impedance values
may be found by:

Zshorx) = ZpTanh(yx) and Zopen(y)
= ZyCoth(~y) 4)

where Tanh( ) and Cothl } are hyperbolic trigonometric
functions, Zy is the characteristic impedance of the
transmission line, x is the distance from the feedpoint
to a short-circuit termination, y is the distance from
the feedpoint to an open-circuit termination, and v is
the complex propagation constant of the transmission
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line, made up of a real attenuation factor, «, and im-
aginary term, j{3, representing the emission wave-
length of the source (y = a+jB).

The characteristic impedance of the single wire (and
its image) is dependent upon many factors. These in-
clude height above ground, ground conductivity, and
moisture of the air, to cite just a few. At 1.8 MHz, an
approximate value for the characteristic impedance of
a wire 6 meters above ground is about 800 ohms. The
value of Z, is really not important, though. The suc-
cess of this antenna lies in the parameter ~.

Naturally occurring losses in the ground and in the
wire cause some slight attenuation in electromagnetic
waves as they propagate through the line. This atten-
uation, «, is expressed in units of relative voltage
decrease per unit length (dB/m), and yields the real
part of 4. It is instructive to compare a lossy and
lossless model of the low-profile antenna to see ex-
actly how it loads.

For lossless transmission lines, where y = j3, the
expressions for short-circuit and open-circuit trans-
mission lines simplify to:

Zshori(x) = jZoTan(Bx) and
Zopenly) = —JjZoCot(By) (5)

where Tan( ) and Cot( ) are trigonometric functions,
and j is the imaginary operator, or a 90-degree phase
shift. For this ideal case, the parallel combination of
the open and short-circuited line yields an imaginary
result for any value of x or y | Since it is impossible
to deliver power to a purely reactive load the SWR is
infinity for the ideal case. However, when losses are
considered, it is possible to solve for values of x and
y which yield a purely real Z;,,. This indicates that we
are using the naturally occurring losses of a transmis-
sion line to provide a purely resistive RF load for our
transmitter! The end result is an antenna that can be
made to resonate at any real impedance, provided the
correct lengths of open and short-circuited transmis-
sion line are used.

implementation

Solving for the lengths x and y is much too imprac-
tical because of the many variables that exist at an
antenna site. Trial and error is the easiest way to ‘‘zero
in’’ on the particular lengths needed for a desired im-
pedance and a given configuration. For a 50-ohm
antenna impedance, | wound up with the dimensions
shown in fig. 5. Only four tries were required to get
the SWR below 1.5:1 in the 1800 kHz to 1850 kHz
band, pruning only the longer (open) length of wire.
| also discovered that other configurations are possi-
ble, at the expense of some bandwidth (fig. 5B). Since
different locations will use slightly different configura-
tions, it is impossible to derive explicit formulas for the
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fig. 4. Example of antennas with images: {A4) pseudo-folded dipole with image; (B) low-profile antenna.
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wire lengths; however, it is safe to say that the open-
circuit length will not exceed 40 meters (0.24 A}, and
the short-circuit length should not exceed 9 meters
(0.05 ). To tune the antenna, start with these lengths
and trim the longer wire (open-circuited transmission-
line) by removing 0.5 meter lengths of wire until the
SWR approaches 3:1 at the frequency of interest.
Then, very finely prune both the open and short-circuit
lines for best SWR. Small lengths of wire may have
to be re-inserted after course pruning to optimize the
match to the transmitter. It is important to be sure that
all antenna SWR measurements are mate with the an-
tenna at its operating height, as the wire height above
ground critically effects the tuning (in fact, this is
another parameter that can be varied in the pruning
process to provide the best match). It should be possi-
ble to achieve an SWR well below 1.5:1 if patience is
exercised in trimming the antenna.

Wire heights from 2 to 8 meters make the transmis-
sion line approximation valid, although | would think
that heights greater than this could also be made to
resonate. The antenna feed system is simply a ran-
dom length run of RG-58U coaxial cable. The open-
circuit wire is connected to the coax center conduc-
tor, while the coax braid is soldered to the short-circuit
wire, which is terminated at a ground stake (fig. 6).

antenna performance

| was able to obtain an SWR of less than 2.0:1 from
1800 kHz to 1900 kHz using the configuration shown
in fig. BA while obtaining the same SWR over a 70
kHz bandwidth for the set-up shown in fig. 5B.

My first evening on 160 meters with this antenna
was most enjoyable, as | rag-chewed with stations
from Delaware to Californial Never before have | been
able to call CQ and get an answer. |t sure beat the
RF burns and weak signals | had been used to!

I've worked over 30 states and several DX stations
(including two Europeans) in the past month using
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fig. 5. Low profile antenna dimensions for 160-meter
operation at N9NB: (A) low-profile antenna for 1850
kHz — 100 kHz bandwidth (dimensions: x = 8 meters,
y = 34 meters, height = 6 meters); (B} low-profile anten-
na for 1850 kHz — 75 kHz bandwidth (dimensions x = 6
meters, y = 35 meters, height = 4.5 meters).

only a 1-meter long ground pipe and 100 watts of
transmitter power. Also incredible is the low receiver
noise level. There have been many times when | could
copy DX stations, while many other stateside opera-
tors could not. This antenna may be of interest to
those who don’t have room for Beverage antennas but
want to get away from the received noise character-
istics of verticals and dipoles.

The antenna seems to exhibit a moderately high
angle of radiation and has a radiation pattern similar
to that of a short dipole combined with a short verti-
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fig. 6. Simple feed method.

cal. The short-circuit line provides a vertical pattern,
making this structure similar to a short vertical
antenna. The open circuit wire provides some horizon-
tal radiation, and is effective in tuning the antenna to
resonance. The efficiency of this antenna is deter-
mined primarily by the ground conductivity at the
antenna site. Unfortunately, soil is a very imperfect
conductor. Ground radials may be used to increase
efficiency, although they are not essential. In fact, a
poor ground may actually be beneficial as it would pro-
hibit complete cancellation of the horizontal current
components in the far-field.

KS9J and WA2JQW have reproduced this structure
at their locations using wire heights as low as 6 feet
(1.9 meters) and short-circuit wire lengths as short as
8 feet (2.6 meters). They have indicated that low SWR
is obtainable using an arbitrary wire configuration, at
an arbitrary height, as long as care is taken to prune
the antenna patiently.

conclusion

After many frustrating attempts to work the
160-meter band without an adequate antenna, | have
finally found something that keeps both me and my
transmitter happy. The low SWR allows for operation
without an antenna tuner, and the direct coax feedline
minimizes RF in the shack. Most gratifying, though,
are the many new friends | have made on 160 meters
and the enjoyment that contacts on the ““gentleman’s
band” can bring!

Those who are fortunate enough to have plenty of
yard space, tall trees, or a tower might not want to
use this type of antenna for 160-meter operation. But
those of you who think you don’t have the room to
get on “"top band," may want to give this tuner-less,
trap-less transmission line antenna a try.
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The HD-73
Rotator
by Alliance

A precision instrument
built to last.

The HD-73 combines Dual-Speed rotation
and a single 5-position switch with the clear
visibility of a backlit D'Arsonval meter. So
you get precise control for fast and fine tuning.
And the advanced technology of HD-73

is backed by quality construction. Heavy
duty aluminum casings and hardened steel
drive gears. Llfetlme factory lubrication that
' withstands -20°F. to

120°F. temperatures.
The superior design

of the HD-73 mast
support bracket, with
optional no-slip positive
drive, assures perfect
in-tower centering with
no special tools.
Automatic braking
minimizes inertia
stress.

Easy to install, a
pleasure to use.
The HD-73 is on
your wavelength.
Write for perform-
ance details
today.

-

| want to tune in on HD-73.

[ send complete details

[J Give me the name of my nearest dealer.

NAME

ADDRESS

CITY STATE ZIP

o
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The Alliance Manufacturing Company, Inc.,
Alliance, Ohio 44601
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