Variations of a Half-Wave Dipole

By Gary Huff, K9AUB

In previous articles, we have discussed the half-wave antenna, and why it is the standard of comparison for other antennas.  That’s because most antennas, no matter what they are called, are variations of a half-wave dipole.  They are simply fed a little differently, but they probably all work about the same.

DIPOLE ANTENNAS:

The Dipole is so named because it is a ½ wave antenna, symmetrically built around a center insulator.  There can be many, many variations as to what kind of center insulator, or what kind of feed line is used, but they are all basically the same.  A piece of wire is cut to be ½ wavelength long.  The wire is split in the center with an insulator of some sort.  Feedline, either coaxial cable, or twinlead of some sort, is connected at the center.  Insulators are added on each end, and rope supports are tied to the insulators.  Finally, the antenna is hauled skyward in some fashion or other.  The feedline is routed into the shack, and presto!  A ½ wave Dipole is born!  

Dipoles are a very efficient antenna because transfer of energy to and from the atmosphere is performed with ease, and impedances at the center of the antenna are manageable.  That is, commercial feedlines are readily available to match the impedance at the center of a ½ wave antenna.  That impedance will vary slightly as the antenna is raised or lowered above earth, but it usually falls somewhere in the range of 50-75 ohms.  This is fortunate, because commercial coaxial cable is readily available for these impedances, and all commercial transmitters and receivers marketed today are designed to work into a 50-75 ohm impedance.  

What kind of feedline we use is at our option.  We can use coaxial cable, or we can use a twinlead of some sort.  Coaxial cable is readily available at an affordable price.  Thanks to the Cable TV industry, 75 ohm RG6/U cable is now available just about everywhere, even Walmart, at a very affordable price.  This cable is of unusually high quality and, although not normally marketed or considered for amateur radio use, is actually quite efficient at amateur frequencies.  It consists of a double shield surrounding a polyethylene dielectric, and the center conductor is usually 18 gauge solid copper wire.  The inner shield is solid aluminum foil, which provides a 100% shield, and the outer shield is braided aluminum wire.  

The aluminum wire is usually quickly dismissed as not practical because it can’t be soldered.  But, fortunately, RG6/U cable fits a UG-176 adapter perfectly, and this adapts the cable to a PL-259 plug.  The center copper conductor solders readily to the center pin of the PL-259, and the surplus braided aluminum shield can be folded over the lip of the UG-176 adapter.  This is then tightened into the rear of the PL-259 connector, and a surprisingly excellent electrical connection is secured.  This connector is not waterproof, and the coax would be damaged if water were to be allowed to leak into the coax through the coax fitting.  So, good amateur practice would require that you wrap the PL fitting with a good quality vinyl electrical tape, to seal the connector from water entering the coax.  Belden tells me that RG6/U was not designed for amateur radio use, but that it should be quite efficient, and capable of handling 1500 watts with ease at 30 Mhz.  

Other conventional coax, RG8/U and RG11/U type of coax can be used more easily and both the center conductor and the shield can be soldered to the PL fitting.  It is still wise to wrap these connectors with a good quality vinyl electrical tape, to prevent moisture from entering the fitting.

 OCF (Windom) Antennas:  There are many variations of this old antenna design.  OCF stands for Off Center Fed.  They, too, are ½ wave antennas, but they use a neat trick to enable them to be used on more than one band.  They are not fed at the center of the antenna; they are fed somewhere out between the center and the end.  The various designs that you see all seek to find a 200-300 ohm feedpoint on all bands, so that the antenna can be used on its basic ½ wave frequency, and its harmonic multiples.  Thus, a 66 foot wire fed as an OCF design will also be a pretty good match at 7, 14, 21 and 28 Mhz.  A precise match will probably not be found on all bands, but the SWR will be manageable with a simple antenna tuner.  Some modern transceivers, and all older tube-type transmitters, will tune the OCF antenna without the need of an auxiliary antenna tuner.  If you wish to use the OCF antenna with a less tolerant solid state transceiver, any good antenna tuner will easily match an OCF antenna to just about any frequency, with varying efficiency.  

Exact dimensions for a Windom or OCF antenna will vary by author and article, but customarily the relationship will be approximately 70/30.  Thus, a 66 foot wire can be fed at approximately 25 feet from one end, and 41 feet from the other, and a reasonably good match will be made to 300 ohm twinlead.  If a coaxial feedline is desired, then a 4:1 or 6:1 Balun may be placed at the feedpoint, and 52-75 ohm coaxial cable may be connected for a decent match.  For an 80 meter Windom or OCF antenna, cut the wire for 41’6” – 96’6” and feed as previously described.  This antenna will work quite well on 80 meters, but also 40, 20, 15 and 10 meters.  

Since the OCF antenna is not fed in the center, there will be a line imbalance that will cause the feedline to radiate.  This might cause some problems by introducing RF into the shack, or into your neighbors’ electrical appliances, televisions, etc.  To prevent feedline radiation, there is a variation called the Carolina Windom, which introduces a “line isolator” into the feedline at 22 feet down from the center (80 meter version), or 10 feet down (40 meter version).  A line isolator is nothing more than a length of coaxial cable with 15 or 20 ferrite beads placed over the outside of the cable.  You can buy these isolators commercially and pay a large price, or you can just order in a couple dozen ferrite beads from Amidon or Palomar, slip them over the coax at the appropriate point, and wrap them with high quality vinyl electrical tape to waterproof them.  Either method works.  

For the ham on a budget, Windom antennas may also be fed with a simple single strand of wire, which is run down to the shack and fed as a long wire antenna through an antenna tuner.  These wire-fed Windoms act more like a top-loaded long wire antenna, and can cause RF in the shack, which can cause your microphone to “bite” your lip.  But for economy, they can’t be beat, and since the feedline is part of the radiating portion of the antenna, some improvement in performance will be noticed.  That is because there is actually more than ½ wavelength of wire in the air.  There is the horizontal top section, and there is also the vertical wire feedline.  Thus, this wire-fed Windom will usually outperform all other ½ wavelength antennas because there is more wire in the air doing the actual radiating.

End-Fed “Zepp” Antennas

The Zepp antenna got its nickname from the days when it was a popular antenna on the German airships (Zeppelins).  After the airship reached a reasonable altitude above ground, a wire could be trailed out behind the airship, and this was end fed through a matching network.  The impedances are quite high on an end-fed antenna, and it is customary to have some sort of matching network to step down the high impedance to the more common 52 ohm input on the transmitter or transceiver.  The end of a ½ wave antenna is approximately 2,000 ohms impedance, a 20:1 SWR.  This is hopelessly outside the range that can be tuned by the average Pi-network or marginal antenna tuner.  RF voltages are quite high on the end of a ½ wave antenna, as much as 5000 or 6000 volts of RF.  This requires excellent insulators and high voltage tuning capacitors to match.  Feeding the antenna at the end is usually done with Ladder Line, which has an impedance of around 600 to 800 ohms.  Recently, commercial ladder line has become available once more, so Zepp antennas are once again practical.  The ladder line is very difficult to work with if the feedline must pass near a tree, however, and it often becomes hopelessly entangled in branches.  But if you have a nice, straight drop from the end of an antenna, and have a high quality antenna tuner (the old Johnson Kilowatt Matchbox, for example), a Zepp antenna is quite practical and enjoyable to use.  There is no particular advantage to a Zepp antenna, other than that they may be operated on just about any frequency since the impedances are so high as to not be difficult to work with anyway.  Thus, a ½ wave Zepp antenna for 80 meters can also be used quite easily on 40, 20, and 10 meters.  

So, which antenna, when properly matched, performs better on the air?  Well, they are all just about the same…. Or are they?  Remember, we know that the more wire in the air, the better the antenna will perform in relationship to a ½ wave length of wire.  A 1 wavelength wire, properly matched and fed, will give about a 3 dB advantage over a ½ wavelength antenna.  So, if we have an 80 meter Windom, say, or an 80 meter Zepp, will it outperform a 40 meter dipole on 40 meters?  Yes, it will, by about 3 dB!  And the same is true as you go higher in frequency.  An 80 meter Windom or Zepp, tuned and matched onto 10 meters, will actually give around 6 dB better performance than a dipole.  6 dB is as good as a beam!  And indeed, a long antenna tuned and matched to a higher frequency will frequently perform just about as good as a beam antenna. 

So, by putting up a long Windom or Zepp antenna, we have gained multiple band coverage, AND we have also achieved better performance on the higher frequencies.  And that’s all from a single wire antenna!  

What if tall supports are at a premium – or non-existent – on your property?  Suppose all you have is a tree at one end of the property, or perhaps an old television tower?  Well, you don’t necessarily have to erect ½ wavelength (or any) antennas in a horizontal line.  They may be high on one end, and lower on the other.  Thus, you could run an antenna from your 60’ tree at the back of your property, and run that up to the front corner of your house at 15 feet, and the feedline somewhere in the middle.  Would this antenna perform well?

Yes, it would.  This is called a Sloper antenna, or a variation of a Sloper antenna.  They radiate quite well, but they are directional in the direction they slope.  This can be an advantage.  Say your area of interest is the South Pacific, and you have a tree on the east side of your property.  By running a sloper antenna sloping down towards the West or Southwest, you will achieve slightly directional performance in the direction of the slope.  The antenna will still perform well in other directions, but it will favor the direction of the slope.  

How about if you only have one support, and it’s sitting right in the middle of your property?  Well, consider using an Inverted Vee.  This is a ½ wavelength antenna, fed at the center, and then the center is raised up to your existing support and the ends are allowed to slope down in opposite directions.  This antenna will exhibit performance similar to a vertical.  That is, it will be omnidirectional (works well in all directions), but will not require radials as would a vertical.  The length of an Inverted Vee is a little off from the usual calculation of a ½ wavelength antenna.  An Inverted Vee antenna is usually cut about 5% long, and then the ends can be trimmed experimentally until the resonant frequency falls where you want it in the band.  Just be sure to keep the ends of the Inverted Vee elevated a little off the ground, out of the reach of pets and children who might come walking by and touch the wire.  Remember there is quite a bit of RF voltage on the ends of a ½ wavelength antenna, and you could give someone a very nasty shock, or RF “burn” if they touched the antenna while you were on the air.  The ends of an Inverted Vee should never be lower than about 8’ or 10’ in the air, for safety reasons.  

There are some other specialty designs such as the G5RV or the ZS6BKW which we will discuss in another article.

