ANTENNA COMPARISONS

Here is a collection of a few interesting and useful articles that I have accumulated that you may also find useful. Apologies for the untidy formatting – but it’s the content that counts! I have tried to credit the source of each article accurately, but if you spot any errors in this respect that you feel should be amended, please do let me know. Mike M0MTJ
Practical Dipole Antenna
 http://www.qsl.net/ta1dx/amator/practical_dipole_antenna.htm
A classic dipole antenna is 1/2-l long and fed at the center. The feed-point impedance is low at the resonant frequency, f0, and odd harmonics thereof. The impedance is high near even harmonics. When fed with coax, a classic dipole provides a reasonably low SWR at f0 and its odd harmonics.

When fed with ladder line (see Fig 20.8A) and a Transmatch, the classic dipole should be usable near f0 and all harmonic frequencies. (With a wide-range Transmatch, it may work on all frequencies.) If there are problems (such as extremely high SWR or evidence of RF on objects at the operating position), change the feed-line length by adding or subtracting 1/8 l at the problem frequency. A few such adjustments should yield a workable solution. Such a system is sometimes called a "center-fed Zepp." A true "Zepp" antenna is an end-fed dipole that is matched by 1/4 l of open-wire feed line (see Fig 20.8B). The antenna was originally used on zeppelins, with the dipole trailing from the feeder, which hung from the airship cabin. It is intended for use on a single band, but should be usable near odd harmonics of f0.

Most dipoles require a little pruning to reach the desired resonant frequency. Here’s a technique to speed the adjustment.

How much to prune: When assembling the antenna, cut the wire 2 to 3% longer than the calculated length and record the length. When the antenna is complete, raise it to the working height and check the SWR at several frequencies. Multiply the frequency of the SWR minimum by the antenna length and divide the result by the desired f0. The result is the finished length; trim both ends equally to reach that length and you’re done.

Loose ends: Here’s another trick, if you use nonconductive end support lines. When assembling the antenna, mount the end insulators in about 5% from the ends. Raise the antenna and let the ends hang free. Figure how much to prune and cut it from the hanging ends. If the pruned ends are very long, wrap them around the insulated line for support.


Fig 20.8—Center-fed multiband "Zepp" antenna (A) and an end-fed Zepp at (B).
 
Dipole Orientation
Dipole antennas need not be installed in a horizontal straight line. They are generally tolerant of bending, sloping or drooping as required by the antenna site. Remember, however, that dipole antennas are RF conductors. For safety’s sake, mount all antennas away from conductors (especially power lines), combustibles and well beyond the reach of passersby.

A sloping dipole is shown in Fig 20.9. This antenna is often used to favor one direction (the "forward direction" in the figure). With a nonconducting support and poor earth, signals off the back are weaker than those off the front. With a nonconducting mast and good earth, the response is omnidirectional. There is no gain in any direction with a nonconducting mast.
A conductive support such as a tower acts as a parasitic element. (So does the coax shield, unless it is routed at 90° from the antenna.) The parasitic effects vary with earth quality, support height and other conductors on the support (such as a beam at the top). With such variables, performance is very difficult to predict.

Losses increase as the antenna ends approach the support or the ground. To prevent feed-line radiation, route the coax away from the feed-point at 90° from the antenna, and continue on that line as far as possible.
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Fig 20.9—Example of a sloping 1/2-l dipole, or "full sloper." On the lower HF bands, maximum radiation over poor to average earth is off the sides and in the "forward direction" as indicated, if a nonconductive support is used. A metal support will alter this pattern by acting as a parasitic element. How it alters the pattern is a complex issue depending on the electrical height of the mast, what other antennas are located on the mast, and on the configuration of guy wires.
 

An Inverted V antenna appears in Fig 20.10. While "V" accurately describes the shape of this antenna, this antenna should not be confused with long-wire V antennas, which are highly directive. The radiation pattern and dipole impedance depend on the apex angle, and it is very important that the ends do not come too close to lossy ground.
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Fig 20.10—At A, details for an inverted V fed with open-wire line for multiband HF operation. A Transmatch is shown at B, suitable for matching the antenna to the transmitter over a wide frequency range. The included angle between the two legs should be greater than 90° for best performance.
 

Bent dipoles may be used where antenna space is at a premium. Fig 20.11 shows several possibilities; there are many more. Bending distorts the radiation pattern somewhat and may affect the impedance as well, but compromises are acceptable when the situation demands them. When an antenna bends back on itself (as in Fig 20.11B) some of the signal is canceled; avoid this if possible.

Remember that current produces the radiated signal, and current is maximum at the dipole center. Therefore, performance is best when the central area of the antenna is straight, high and clear of nearby objects. Be safe! Keep any bends, sags or hanging ends well clear of conductors (especially power lines) and combustibles, and beyond the reach of persons.
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Fig 20.11—When limited space is available for a dipole antenna, the ends can be bent downward as shown at A, or back on the radiator as shown at B. The inverted V at C can be erected with the ends bent parallel with the ground when the available supporting structure is not high enough.
 
Multiband Dipoles
There are several ways to construct coax-fed multiband dipole systems. These techniques apply to dipoles of all orientations. Each method requires a little more work than a single dipole, but the materials don’t cost much.

Parallel dipoles are a simple and convenient answer. See Fig 20.12. Center-fed dipoles present low-impedances near f0, or its odd harmonics, and high impedances elsewhere. This lets us construct simple multiband systems that automatically select the appropriate antenna. Consider a 50-W resistor connected in parallel with a 5-kW resistor. A generator connected across the two resistors will see 49.5 W, and 99% of the current will flow through the 50-W resistor. When resonant and nonresonant antennas are parallel connected, the nonresonant antenna takes little power and has little effect on the total feed-point impedance. Thus, we can connect several antennas together at the feedpoint, and power naturally flows to the resonant antenna.

There are some limits, however. Wires in close proximity tend to couple and produce mutual inductance. In parallel dipoles, this means that the resonant length of the shorter dipoles lengthens a few percent. Shorter antennas don’t affect longer ones much, so adjust for resonance in order from longest to shortest. Mutual inductance also reduces the bandwidth of shorter dipoles, so a Transmatch may be needed to achieve an acceptable SWR across all bands covered. These effects can be reduced by spreading the ends of the dipoles.

Also, the power-distribution mechanism requires that only one of the parallel dipoles is near resonance on any amateur band. Separate dipoles for 80 and 30 m should not be parallel connected because the higher band is near an odd harmonic of the lower band (80/3 » 30) and center-fed dipoles have low impedance near odd harmonics. (The 40 and 15-m bands have a similar relationship.) This means that you must either accept the lower performance of the low-band antenna operating on a harmonic or erect a separate antenna for those odd-harmonic bands. For example, four parallel-connected dipoles cut for 80, 40, 20 and 10 m (fed by a single Transmatch and coaxial cable) work reasonably on all HF bands from 80 through 10 m.
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Fig 20.12—Multiband antenna using paralleled dipoles, all connected to a common 50 or 75-W coax line. The half-wave dimensions may be either for the centers of the various bands or selected for favorite frequencies in each band. The length of a half wave in feet is 468/frequency in MHz, but because of interaction among the various elements, some pruning for resonance may be needed on each band. See text.
 

Trap dipoles provide multiband operation from a coax-fed single-wire dipole. Fig 20.13 shows a two-band trap antenna. A trap is a parallel-resonant circuit that effectively disconnects wire beyond the trap at the resonant frequency. Traps may be constructed from coiled sections of coax or from discrete LC components.

Choose capacitors (Cl in the figure) that are rated for high current and voltage. Mica transmitting capacitors are good. Ceramic transmitting capacitors may work, but their values may change with temperature. Use large wire for the inductors to reduce loss. Any reactance (XL and XC) above 100 W (at f0) will work, but bandwidth increases with reactance (up to several thousand ohms).

Check trap resonance before installation. This can be done with a dip meter and a receiver. To construct a trap antenna, cut a dipole for the highest frequency and connect the pretuned traps to its ends. It is fairly complicated to calculate the additional wire needed for each band, so just add enough wire to make the antenna 1/2 l and prune it as necessary. Because the inductance in each trap reduces the physical length needed for resonance, the finished antenna will be shorter than a simple 1/2-l dipole.
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Fig 20.13—Example of a trap dipole antenna. L1 and C1 can be tuned to the desired frequency by means of a dip meter before they are installed in the antenna.
 
Shortened Dipoles
Inductive loading increases the electrical length of a conductor without increasing its physical length. Therefore, we can build physically short dipole antennas by placing inductors in the antenna. These are called "loaded antennas," and The ARRL Antenna Book shows how to design them. There are some trade-offs involved: Inductively loaded antennas are less efficient and have narrower bandwidths than full-size antennas. Generally they should not be shortened more than 50%
* * * * * * 
About dipoles directivity

Drawback of dipoles, tight too close to the ground (below 1/4 high), a dipole has a tendency to fire vertically and thus to work easily near stations, closer to about 3000 km away, at the expense of DX stations. In this configuration you will experiment much difficulties to work far stations, say over 6000 km away.

Can we cover all directions using a single dipole ? In the page dealing with basics of antennas, we have explained that when a dipole is placed over 1/2 high, it becomes directive and displays a main lobe in the vertical plane close to 26° of elevation. Placed higher, at 3/4 the main lobe still decreases of 10° compared to the same antenna placed 1/2 high. Tight 1 high, we get a F/S ratio that can reach 18 dB, this is the typical "8-shape", with a main takeoff angle close to 15°. Now, to cover all directions, we need to turn the dipole to work DX stations with efficiency. However, for the ease or due to space restrictions, many amateurs place their dipole much lower and often at 1/4 high over the ground or about 5 m high for the 20m band. In this configuration don't be surprised to get a radiation pattern showing a main lobe close to 90° (max at about 60° but very similar between 40-90°).

What happens then in the horizontal plane ? Up to 1/4 high, the F/B ratio of a dipole is not measurable and it displays a F/S ratio less than 5 dB in the best case; its radiation pattern is thus almost omnidirectional. It is far to display the theoretical 8-shape ! If your dipole is tight only 1/4 high, it is thus useless to cross two dipoles at 90° to cover all directions as it already displays an omnidirectional pattern. But if you can get a very low takeoff angle, for example close to 15° placing your dipole 1 high, in this case you can take advantage of crossed dipoles. This solution can be successfully used on low bands (40 and 80 m) in installing crossed dipoles 40 m high, if you can.

* * * * * * * * 
W3DZZ, a trap dipole

At last C.L. Buchanan, W3DZZ, was the first ham to be able to create a trap antenna for the first five-pre WARC amateur bands from 3.5 to 30 MHz. This is a dipole 32.4 m long (108 ft) fed with a 70-ohm Twin-Lead. The dipole contains one trap on each segment at a distance of 9.75m (32 ft) from center. Traps are made of a parallel circuit constituted of a coil of 8.2 H and a capacitor of 60 pF. 

After more than 60 years of trials and errors, multi-band antennas count today by tens of models and became true competitors. Of course as we explained in other pages, each trap inserted on an antenna reduces accordingly the efficiency of the system : the loss per trap is ranging between 0.2 and 10.5% (0.006 to 0.5 dB) depending on the frequency, the lowest the highest loss. 

* * * * * * * 

Multiband Antennas    by K5DKZ    -        www.k5dkz.com

While it is possible to use one antenna for multiple frequencies, there are some considerations in obtaining the best results.

An 88 foot inverted-vee dipole is probably the most efficient of all multiband antennas when driven by open wire line and matched with a balanced antenna tuner. The 88 foot dimension is used to prevent multiple lobes of radiation on the higher frequencies.

To call the matching device an antenna tuner may be a misnomer. It is actually a device to match the output impedance of the transmiter (50 ohms) to the varying input impedance of the open wire line (50 to 2000 ohms). 

The surge impedance of the open wire line will be about 400 to 600 ohms depending on what it is and/or how carefully it is constructed. The more astute will realize that an 88 foot balanced dipole antenna is not resonant on any frequency in any ham band and will not be a match to 400 or 600 ohms on most frequencies that will be used. The result is that the open wire line can exhibit some very high SWR levels. The mismatch of the open wire feedline to the antenna cannot be overcome by the antenna tuner in the shack. The high SWR will remain on the open wire line but will not result in any significant loss because open wire line has extremely low loss under all conditions (except driving rain).

Another all-band antenna scheme is the simple 80/40 meter trap dipole. This antenna is driven with coax and has greater losses than open wire line but it can be used on all bands with SWR less than 3:1 and does not require an antenna tuner.

The third possibility is the use of a Windom style antenna. This antenna performs about the same as a normal dipole or inverted vee. It has the advantange of offering a reasonably constant impedance to the feedline over a wide range of frequencies. This impedance is around 600 ohms. A match to transmission line can be made through the use of a matching transformer and matching transformers can be used at both ends of the transmission line. The result is that an antenna tuner is not required.

A fourth possibility is to install multiple dipoles to the same feedline. This type of antenna has been called a fan dipole in the past but it is not a real fan dipole. Fan dipoles are single band antennas that have multiple elements all cut to the same frequency, connected to the same feedline at one end and seperated into a fan configuration at the other end. The purpose of fan dipole is to make it broadbanded on a single band.

A fifth possibility is to install half wavelength wires (for other bands) in close poximity (within 6 inches or so) of a normal dipole desiged for a different band or frequency. I use two such antennas. One to cover 80 and 75 meters. The other to cover 40 and 30 meters. The 75 meter dipole is driven. The 80 meter coverage is obtained by installing the half wavelength wire along side the 75 meter dipole. The result is an SWR of 1.2:1 at 3.97mhz and 3.60mhz. Frequency shifts, 75khz to either side of either SWR point results in an SWR of 2:1. This antenna is not really multiband or even broadband, but it does cover specific frequncies of interest on 80 and 75 meters. The 40/30 meter version shows similar performance but it covers both bands with SWR under 1.5:1 on both bands.

The following link will take you back to the main antenna page.

This link will take you back to the K5DKZ home page. You can also get there by selecting K5DKZ under the Pages heading in the green sidebar.

Trap Dipole
These devices are called Traps, but they are actually more like frequency sensitive switches. They are parallel resonant, high Q, tuned circuits which provide a very high impedance at their frequency of resonance.

An example of their use can best explain their operation. Take, for example an 80/40 meter trap dipole. The center section of this antenna is a normal 40 meter dipole of conventional length. One end of each trap is connected to the ends of this dipole. The other end of the trap is connected to additional lengths of wire (typically 21 feet) to allow the complete antenna to resonate on 80 meters.

The resonant frequency of the traps should be the frequency you wish to use in the 40 meter band. The additional 21 foot lengths of wire should be adjusted so that the antenna resonates at your choice of frequency for the 80 meter band. Note that each leg of the dipole is only a little over 50 feet long making it about 20 percent shorter than a full sized 80 meter dipole.

On 40 meters, the traps have a very high impedance, effectively disconnecting the two 21 foot lengths of wire needed for 80. On 80 meters, the traps act as loading coils permitting the antenna to be shorter than a conventional 80 meter dipole.

The 80/40 meter trap dipole example will work on all bands (80, 40, 20, 15, and 10), but will work most efficiently on 80 and 40. If this sounds to good to be true (shorter antenna with multiple band performance), there are some compromises to be considered. On 80 meters even a full sized dipole cannot provide an SWR of less than 2:1 across the entire band. On 40 meters, we have the same problem to a lesser extent. A trap dipole exhibits an even narrower bandwidth than a full sized antenna. Still, if your use of these bands can be served with a 200khz to 250khz bandwidth, a trap dipole can be a good solution.

Another compromise of a trap dipole is the requirement for the traps. Conventional traps are constructed of high voltage transmitting type capacitors and heavy B&W miniductor stock. They are not particularly difficult to make, but the parts are expensive and they are subject to drift in frequency when exposed to adverse weather conditions. However, there is a method of building traps that is very inexpensive, can withstand full legal power limits, and is relatively stable under even the most adverse weather conditions.

The 1988 ARRL Handbook alludes to this method of trap construction but does not give any specific data. I have built a set of traps using this method and would like to share the information with anyone interested in homebrewing a trap dipole.

My traps were built to be used in an 80/40 meter dipole as in the example given. The same method of construction can be used for other frequencies with the turns reduced to cover the higher frequencies.

The method of construction alluded to in the handbook uses a coil of coax to form the tuned circuit of the trap. The shield of the coax forms the coil. The center conductor of the coax on one end of this coil is connected to the shield at the opposite end. This allows the capacitance between the center conductor and the shield to act as the capacitance that resonates the assembly.

Aside from the low cost, this method reduces resistive losses in the coils to an absolute minimum. The shield portion of the RG62AU coax I used is electrically equivalent to using quarter inch copper tubing. The capacitor formed by this assembly is capable of withstanding several thousand volts of RF allowing the use of high power on 40 meters. Although I used RG62AU, RG58 or RG59 would serve as well. RG8 may also be usable, but it’s stiffness might require a larger diameter coil form and may result in a heavier assembly.

My traps were wound on two 6.5 inch long pieces of schedule 40 PVC pipe 1.25 inches O.D. I found that 20.5 turns would resonate at 7.285 mhz, my chosen 40 meter frequency.

Each end of the PVC pipe was prepared by drilling two opposing holes in it about 0.25 inches in from each end. Solid number 12 copper wire was inserted through these holes and bent around the PVC to form a loop with the wire inside the pipe. These terminations were used to attach the antenna wire as well as provide a tie point for the coil of coax.

Each trap will require 80.5 inches (6.7 feet) of coax. Start with seven feet and trim it up to the frequency you want in the 40 meter band. Each length of coax is prepared by stripping about 2 inches of outer insulation from each end. The shield is unbraided and twisted at each end. The center conductor at one end is stripped of insulation for a length of about 1 inch.

Start your winding by drilling a hole just large enough to pass the coax through the PVC pipe. This hole should be located about 0.5 inches in from the end of the pipe. A close fit of the coax through this hole will help secure the winding until the holes are filled with epoxy.

Insert the end of the coax that has the center conductor stripped through the hole and wrap the shield of the coax around the number 12 wire at this end. Solder the shield to the wire. Use a 50 to 100 watt iron and do it quickly so that the heat will not travel up the braid to melt the insulation to the center conductor. Let the soldered connection cool completely before starting the winding.

Now wind about 22 turns of coax onto the pipe. I estimate that 22 turns will resonate at the low end of the 40 meter band. If you are interested in the higher portion of the band, stop at 21 turns. Remember, you can always cut off coax to raise the frequency, but if you get too high in frequency, your best bet is to start over with a new length of coax.

Mark the pipe at the end of the winding and drill another hole in the pipe at this location to pass the coax. The close fit of the coax into this hole will keep the windings in place.

Prepare a length of wire. Hookup wire #20, #18, #12, is adequate. Cut the wire to 6.5 inches in length. Strip off 1.5 inches of insulation from each end of the wire. Solder one end of the wire to the center conductor of the coax at the end where you started your winding. Pass the wire down through the center of the pipe and twist it’s bare end to the coax braid where you finished the winding.

Pull the hookup wire through the center of the pipe so that the soldered bare end of the coax center conductor is pulled down away from the soldered coaxial braid at the end of the coil where you started the winding.

Now you will need a grid dip meter to check the resonant frequency of the trap. Don’t rely on the grid dip meter’s calibration. Use a frequency counter or your communications receiver to verify the frequency. (My homebrew grid dip meter doesn’t even have a calibrated dial. Only it’s coils are marked as to frequency range covered.) I found that by inserting the coil of the grid dip meter about 1/8th inch into the end of the PVC pipe an easily recognizable dip could be obtained. For your final frequency check you may want to reduce the coupling between the dip meter’s coil and the trap. In my case I found a 50khz shift in frequency as I reduced the coupling. The dip obtained at the reduced coupling is the more accurate one. Also, make certain that your dip meter is on the right frequency range and that you have the receiver tuned to the fundamental frequency and not a harmonic. My grid dip meter had enough output to register an S9 +20db at the receiver with the receiver’s antenna disconnected. Use the receiver’s S-meter to zero in on the dip meter’s output when determining frequency or zero beat as you would on an AM signal.

Your first frequency measurement should fall somewhere in the low end of the 40 meter band. If it doesn’t, and if you did get a dip on the meter, you may be too low in frequency. If so, cut off about two inches from your winding and try again. In my case, I found that a one inch reduction in coax length resulted in an approximate 50khz frequency shift.

As you cut more and more coax from the winding, you will need to drill additional holes in the PVC for proper termination of the winding. The PVC is easily drilled. This cut-and-try method requires a little patience, but it is very repeatable. My first trap took me two hours to build. The second was done in 15 minutes.

The coax winding is tight and close spaced onto the PVC form. After your final frequency check, trim the finished end of the coax winding and solder the braid and the short length of hookup wire to the #12 copper wire termination that you installed in the pipe at that end.

That completes the trap. Now all you have to do is build another one and solder the antenna wires to the copper wire terminations at each end of each trap.

Note that the number of turns required will only hold true for RG62AU coax. Other types of coax may well be used, but the turns required may vary.

Initially, I was a little concerned as to whether or not the end terminations I used would hold the strain of supporting the traps. The terminations have held through the weather conditions we have experienced in the last two months. However, I would not recommend using anything less than schedule 40 PVC pipe.

If you would like to purchase a set of traps to buid this antenna, click on the paypal button below. For a flat fee of $40 I will send you a matched set of traps. This offer is good for buyers in the continental U.S. only. Others inquire via e-mail.
http://www.qsl.net/yo5ofh/projects/traps.txt      Ham Distribution Net BBS (214) 226-1183

* * * * * * * * * * *
Antenna Design 
by W9PPG
Bill Weinhardt

Now that you have upgraded to Tech Plus, you want to do some operating on the HF bands. You need an antenna and don't know what to buy or build. Since you have operating privileges on four HF bands, you probably want a multiband antenna of some sort.
As we are at the point of minimum solar activity in the 11 year sunspot cycle, propagation is poor during the hours of darkness on the 10 and 15 meter bands. The segment of 40 meters which you may operate is very active during daylight hours but full of foreign broadcast stations at night, making it nearly unusable after dark. The 80 meter band is pretty much the only band usable for you at night. During daylight you will usually find some activity on all four of these bands but your effective communication distance will be different from band to band.
Some amateurs favor coax fed half-wave dipole antennas but to operate multiple bands, this requires multiple antennas with two exceptions. A forty meter dipole will usually work fairly well on the 15 meter band. The other exception is the multi-band trap dipole antenna. While these can be home-brew, the traps are rather difficult to build and adjust so most amateurs use commercial versions. These are basically one-half wave coax fed dipoles for the lowest frequency band used with one or more traps (tuned circuits) in each half of the antenna wire. These traps electronically isolate sections of the antenna at higher frequencies thus making the antenna resonant on these other bands.
There are a variety of multiband beam antennas available that cover the 20, 15, and 10 meter bands. They are directional antennas thus most of your radiated power can be concentrated in a single direction. They also will help significantly on reception. They do have the drawback that when you consider that you must also invest in a tower or mast and an antenna rotor, you can have quite a lot of money invested in a beam antenna system, and you still have no antenna for 80 and 40 meters.
There are several multiband vertical antennas commercially available. The R-7000 by Cushcraft and a similar antenna manufactured by Hy-Gain cover all the bands between 40 and 10 meters including the three WARC bands. Both have an optional 80 meter add on. While expensive, this system would cost significantly less that a beam antenna system.
The antenna I use is a non-resonant multiband dipole and works reasonably well on all the HF amateur bands from 160 meters to 10 meters. A misconception is that an antenna must be of a resonant length to function and this is simply not so. This stems from the fact that most all ham radios have a 50 ohm output impedance. It so happens that a one-half wave resonant dipole has a feedpoint impedance of something in the neighborhood of 50 to 70 ohms at or near the antenna resonant frequency, thus a one-half wave dipole fed with 50 ohm coaxial cable usually presents a pretty good match to common amateur radios.
Any piece of wire will radiate RF provided that the power can somehow be fed into it but the impedance will probably be something grossly different than 50 ohms. My antenna happens to be 102 feet long fed at the center feed point with 450 ohm ladder line. We have used similar antennas for a number of field day setups with the difference being that 300 ohm television twinlead was used as the feedline.
Some might ask how this antenna can work. If you figure out the math of it, this would be one-half wave dipole on 4.6 MHz which is not even a ham band. On none of the ham bands will this antenna present a 50 ohm impedance and it probably won't even match the 450 ohm or 300 ohm feedline either. As a consequence of all of this, the SWR (standing wave ratio) on the feedline is going to be quite high most of the time. 
We have all been indoctrinated that this is a sin but is it really? 450 ohm open wire balanced feedline and 300 ohm TV twinlead as well are practically lossless feedlines on the HF bands. Coaxial cable is not and the higher the SWR, the greater the power lost and dissipated as heat in the feedline. As a matter of interest, RG-58 coax has an attenuation (loss) of 2 db per 100 feet at 21 MHz and a loss of about 2.6 db per 100 feet at 30 MHz while the larger RG8 has a loss of 1 db per 100 feet at 30 MHz. Common TV 300 ohm twinlead has a loss of about .4 db per 100 feet at 30 MHz and 450 ohm ladder line has a loss of about .16 db per 100 feet at 30 MHz.
A one db loss may not seem significant but what it means is that if you put 100 watts into a system with a 1 db loss, about 80 watts will come out. A 2 db loss with 100 watts in means that about 63 watts are coming out. Bear also in mind that this line loss is only true in a matched system (the antenna feedpoint impedance, the feedline impedance and the transmitter output impedance are all the same). When such is not the case, there is an additional loss due to the mismatch as a function of the SWR and line attenuation. 
For example, say we are using a one-half wave 40 meter dipole fed with RG 58 on the 10 meter band. At 30 MHz the line loss is 2.6 db. Let us say we have a SWR of 4. At an SWR of 4 with a matched loss of 2.6 db there will be an additional loss due to the mismatch of 1.5 db for a total of 4.1 db loss. If we had 100 watts going into this system we would have only 39 watts arriving at the antenna. Sixty-one watts have been lost in heating the coax cable. On the other hand using 450 ohm ladder line with a matched loss of .16 db, the additional mismatch loss if we had an SWR of 4 would be only about .15 db for a total of .31 db loss. If we had 100 watts going into such a system, we would have 93 watts getting to the antenna. We have lost only 7 watts in the line. 
The point is that with balanced feedline, if the power can somehow be put into it, nearly all of it will get to the antenna and be radiated. The way we manage to do this is with an antenna tuner or a transmatch that changes the 50 ohm unbalanced output of the radio to whatever the balanced impedance happens to be at whatever frequency we happen to decide to operate. Consequently, the radio is happy as it is seeing a 50 ohm load and the output power is getting into the feedline and from there most of it gets to the antenna.
Does this kind of an antenna have any drawbacks? Well, yes and no. An antenna tuner or transmatch must be used with this antenna and some hams would consider this to be a major disadvantage. Myself, I use a tuner with any HF antenna I operate. Back before we moved to town, I used one with my tri-band beam. I had assembled the beam give me the best match in the CW portion of the band so when I went to the phone portions, I used the tuner to adjust so that the rig would see a 50 ohm impedance.
With modern solid state rigs, as the SWR begins to deviate from a matched condition, the power output is reduced to prevent damage to the output transistors. To make matters easier, I keep a listing of tuner settings for a frequency I operate in each band or band segment so when I change bands I can preset the tuner and then only make a minor adjustment for the best match.
Currently, I am using a tuner manufactured by MFJ. In the past, I have used several home brew tuners with this type of antenna and they worked quite well. Perhaps construction of a tuner would be suitable for a future article.
While not the ultimate in antenna systems, the type described is a very versatile multiband antenna and inexpensive to build. For the field day antennas we used pieces of scrap ½" or ¾" PVC water pipe to make the center and end insulators. The antenna wire itself was scrap insulated #12 or #14 insulated copper building wire that had been pulled from conduit at the factory where I was working at time. Yes, insulated wire will work fine for an antenna. The only real cost was the TV twinlead which now costs about $10.00 per 100 feet. Ladder line would cost a little more but still not an outrageous expense.
If anyone would like to build and use such an antenna and has questions about it, you may call me or you can e-mail me wswart@parlorcity.com
73's...W9PPG     -        http://our.tentativetimes.net/opine/antenna.html

* * * * * *
THE ALL BAND HF DOUBLET

This antenna project will get you up and running with an all band Hf antenna using one of the oldest and least expensive ham antennas around.....the all band doublet. If you've got some TV twinlead or ladder line laying around and an antenna tuner, some wire, insulators and a bit of time then read on.......Project also includes a novel way of getting the rf to and from the shack using coax rather than ladder line.

ALL BAND DOUBLET DIAGRAM
(80 meter lowest operating frequency shown)
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Details and construction
The all band doublet antenna is nothing more than a 1/2 wave dipole cut for your lowest operating frequency and fed with twinlead, ladder line, open wire, etc to a tuner that will accept a balanced line connection. IT IS NOT FED WITH COAX!
It can be designed for use from 160 thru 10 meters very easily using the standard 1/2 wave dipole formula:
468/freqmhz = total length (ft)
The exact length is not critical!
If you don't have room for the 160 or 80 meter version...then design it for 40 meters and up!  Just remember, don't operate it on a lower frequency than it was designed for...tuner damage may result! You can always tie the two ends together at the tuner and use it as a random wire antenna with the tuner and it may tune lower bands than it was designed for! 
It can be installed in the horizontal fashion or inverted V style. Get it up as high as possible and have fun!
Remember when working with twinlead (Flat TV feed type) don't use over about 100 watts of power to be safe. For higher power, use the heavier, ladder, open or window type.



Construction:
The radiator:
After you have determined the total length of the horizontal section of the antenna, lay that amount of your antenna wire out and cut it in half. This will give you two identical lengths for each half of the antenna. It is suggested that you use #14 or #12 gauge wire. You can use smaller size wire but it will tend to break easier with longer antennas due to weight of ice, snow, birds, wind loads, etc.
The Center insulator/strain relief:
Attach a center insulator between the two lengths of antenna wire.  This center insulator can also provide strain relief for the twinlead, ladder line, antenna wire etc.  Leave enough bare wire from each half of antenna wire exposed for soldering to the feedline. See example drawing below:
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Using the drawing above as one example, the center insulator can be made from any non-conductive material such as sealed wood or Plexiglass.  Use your imagination and ham engineering. It should be of a size that will allow the antenna wires to be attached to it from each half of the antenna with strain relief for each wire including the feedline.  Your feedline also needs strain relief. It can be provided by using nylon ties going thru the center insulator (drill holes), and tightened on the other side so as to press the twinlead against the center insulator. In the drawing above, they are the heavy black lines going across the twinlead. If you use TV type twinlead, this will be a must. TV twinlead is very fragile and can break easily from too much strain. The weakest point on the twinlead is where the conductors come out of it on the ends. The wires are very small inside and break easily. 

Each half of the antenna can go thru holes drilled into the center insulator....use at least two holes on each side of the center insulator as in drawing...make certain there are no sharp angles on the edges of the holes to cut the wire. Thread each side of the antenna wire into the first hole near the side of the insulator and out the back....then back thru the other hole leaving enough wire to work with in soldering to the feedline. This type of arrangement provides some strain relief for the antenna wires using the mechanical pressure of the wire against the center insulator. It is important that there are no sharp edges where the wire enters or exits the holes.
The two bare wires from each half of the antenna are attached (soldered), one at a time to each side of the 2 conductor twinlead, ladder line, etc. (Meaning one side of antenna to one conductor of feedline and the other side of the antenna to the other conductor of the feedline.) Do not connect all together in the center!
You should end up with 2 continious conductors side by side with one continious conductor from the very end of one half of the antenna to the very end of your feedline at the tuner and the same thing with the other half of the antenna. Do yourself a big favor and do not get in a hurry and just twist the wires together at their junctions! They will soon corrode at the twist and create more problems for you than the time saved by not soldering them together! Believe me, it will take much more time in the long run to do it poorly than to do it properly with solder. You should provide some sort of weatherproof sealer to the solder joints after you are done soldering...and as a last resort...tape well and then tape again. If you "cut corners", sometimes a "temporary" installation tends to become permanent when forgotton about......then later it will remind you when it does not work!
Attach end insulators to both ends of the antenna with UV resistant rope, cord, etc and make sure you have enough to extend to the outside support tie off points. As a further note for those that are not experienced with wire antenna building, there are many ways to build center and end insulators. Do a search on Google.com using their "images" section for more ideas.

Now assuming that you have plenty of feedline to run from the final operating position up in the air for the antenna after raising it.......get help if needed....tie off the end supports.....run the feedline away from the antenna preferably at a 90 degree angle and keep the feedline several inches from any metal conductor such as rain gutters, down spouts, metal house siding, metal windows, etc. With very long antennas, the weight of the wire and feedline, center insulator etc, causes some sizes of wire to sag in the center. If this is the case with yours, some support in the center may be needed by attaching another support rope to the center insulator.
(Another option for the center insulator/strain relief would be to take the feedline and wrap it OVER a "dog bone" type (round), insulator and then back down parallel with and touching the feedline making sure you have a couple of inches left over for attachment of the bare wires from the feedline to each half of the antenna. Then use nylon ties to secure it tightly against the main feedline.
By wraping the feedline over the insulator and securing it to the feedline below the insulator, you will be adding a strain relief to help prevent the weight of the feedline from tearing apart the connections.)

After your antenna is up and secure....attach the feedline to your tuner's balanced output connectors....and you're done!
Use your tuner as per mfg's instructions...have fun.

Added notes of information"
There are many methods of "hanging" an antenna like this one and various center supports can be used, like towers, metal pushup poles (masts), etc. The use of a small cross arm made from heavy PVC or other insulated material extending out a couple of feet or more from the tower or metalic pole will help to prevent the feedline or radiating parts of the antenna from touching any metal and shorting out. This also helps to prevent the feedline from rubbing against anything in the wind and eventually coming apart at that point.
When bringing the feedline down from the antenna to the radio, always keep it away from sharp corners that can cut it due to rubbing in the wind.
Remember to keep the feedline away from any metalic object by several inches.
Below is a very handy way of gettng it into your radio room by going thru a window, wall, etc.

LADDER LINE OR TWINLEAD SHACK ENTRY OPTIONS
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SEE ALSO:

Introducing the "All-Band" Doublet:
What the Student and the Instructor Should Keep in Mind
L. B. Cebik, W4RNL
http://www.cebik.com/content/edu/edu6.html
* * * * * *
VK5AH -HF 4 Bander 
Construction Tips:- None of the dimensions could be said to be critical except perhaps the 80m Tips (B) and the G/H spacings. Build the Antenna complete before adjusting or trimming anything. The Antenna was erected at about 25 feet in reasonably free space in a horizontal plane. Dimensions would differ in a sloping configuration and extra ropes may be needed from the bottom of the spacer conduits to the ends of the inductors perhaps. Feed the antenna with a 1:1 balun and be careful the common feed points dont get twisted up near the balun. The coils are not critical. Half a dozen turns here or there wouldnt be critical but would tend to affect the 80m tips a little. The resonant frequency will tend to drop typically 20-30 Khz on both 80 and 40m when the coils are soaked in rain. They could be sealed perhaps with polyresin but be careful they dont become too heavy. The spacer conduits were drilled through and threaded onto the A section and held in place using cable ties to stop it from sliding along the wire. The coils were wound with fine stranded insulated wire of about 2mm total thickness (insulation included) . The important thing is to be able to get that many turns onto the former close spaced.

Adjustment:- Start by adjusting the 40m sections (A) and then the 80m tips (B) then adjust the 20m section followed by 15m lastly. Be careful to make all adjustments so as to keep the antenna symetrical particularly the 80m tips. As a guide the 80m tips will adjust at about 40Khz per inch and the A section will adjust 40m by about 10Khz per inch. The 20 and 15m legs have little effect on 80 or 40 but the 20m legs will effect the 15m section. Do not be tempted to bring the 15m sections up closer to the 40m section as strange things start to happen on 15m. Dont be decieved adjusting the 15m legs. The SWR will appear to drop nicely at about 20.8 Mhz but this is in fact the 40m section coming into play. If problems are encountered making it work on 15m then disconnect the upper section of the antenna (A) from the balun but leave it physically in place. Then adjust the 15m section and finally reconnect the upper section. The SWR will rise slighly on reconnection and the best you will get is about 1.6:1 SWR . My solid state radios seem quite able to still deliver 100 % power forward into this sort of load.
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Performance and Characteristics:- The antenna performs as a standard dipole on all bands except 15 and 10m. It has a bit of end fire on 15 and 10m making the antenna work almost omnidirectional. Particularly so on 15m due to the 1.5 wavelength section from 40m The Bandwidths of the 2:1 SWR points is as follows on each band.

80m - 40 Khz, 40m - 250 Khz, 20m - 500 Khz, 15m - 21.0-21.350 

Other Bands:- I have not tried the WARC bands but the antenna seems to work reasonably well on 10m using a tuner. The SWR without is about 5:1 . 

160M- Try adding about 6.9m to the 80m ends and it works on 160 . I used some aligator clips near the 80m end Egg insulators to clip/unclip the 160m sections as i can get my antenna ends up and down fairly quickly on pulleys. The antenna adjusts on 160m at about 3Khz Per Inch.

* * * * * * 
DIPOLE ANTENNAS
by Harry Lythall - SM0VPO
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The DIPOLE antenna is perhaps the simplest and easiest antenna to erect, but I have still seen installations where basic mistakes have been made. So here is some reference data, pointers and ideas that may help you. 

To me, QRP means transmitting and establishing contact with other stations using a reasonable amount of power. With typically less than ten watts available it is vitally important to ensure that the antenna system is not wasting energy. Firstly, the antenna must be cut to the right length and matched to the transmitter. 
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The balun shown above is required to match the ballanced antenna to an unballanced feeder. Typicaly 5 + 5 + 5 turns of thick enamelled wire are wound on a ferrite ring, the three coils are connected in series from the start of one winding to the end of the next. L1, L2 and L3 are for resonance on three different bands. L1 (a+a), L2 (b+b) and L3 (c+c) are equal to: 
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Add as many dipoles as you need to form an antenna system for the bands you want. Naturally, there will be a limit, but this is a practical limit. You can reduce the amount of wire you need for a multiband antenna by using an "off-center" feed point and using a 4:1 balun:
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The bands must be twice the frequency of the previous band with this method. For example, if a=60 meters and b=30 meters, then a+b will resonate at about 1.8 MHz. If c=15 meters then b+c will resonate at 3.5MHz. If d=7 meters, then c+d will resonate at about 7 MHz. This technique can reduce the amount of wire you have to buy. 

You can reduce the physical length of a dipole by inserting a coil in one of the leads, close to the feedpoint.
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A short length of plastic conduit pipe is ideal for light antennas, but for heavier guage antenna wire I steal those plastic spacers from between bread-trays in the local supermarket.

The QRP antenna must be as efficient as possible, so use as thick a wire as you can afford (or get away with). Use insulators at the ends. The impedance at the ends of a resonant dipole is VERY high so you cannot just tie the wire around a tree or something. Heavy coat buttons make good insulators for lighter antennas, but use more than one in each end. 

Finally, a multi-band dipole may not necessarily be cut for more than one band, cutting the elements for, say, 3.5 MHz, 3.6 MHz, 3.7 MHz and 3.8 MHz will give good results across the complete 80 M band. 

Ok then, that is all I have to say about the dipole antenna for the moment. A lot of it is just good sense, but perhaps you may have learned something from this little presentation. 
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Have fun, de HARRY.

* * * * * * 

The Lévy or half-wave dipole

www.astrosurf.com/luxorion/qsl-antenna3.htm
Name after the French engineer Lucien Lévy, the half-wave dipole is the mother of all dipoles. This classic antenna is the most common aerial usually find to amateurs who wish to preserve their budget, the visibility of their installation as well as the ease of the building.

The half-wave dipole is an harmonic antenna that prevents well interferences when it is tight horizontally. Its resonance length depends on the ratio of the length of the conductor to its diameter; the smaller is this ratio (using thicker wire), the shorter the antenna for a given electrical length.

The aerial length calculated using the formula given in the first page is for the centre of the band and insulators are attached at the end of segments.

The impedance of a dipole depends on several factors. If you modify its shape, tightening it in zig-zag or in slope, if you modify its height above ground and the conductor diameter, you will affect its impedance at the feed point and thus the SWR, all the more if you want to feed it with a coaxial. So, thicker is the conductor, lower will be the Q-factor and larger the bandwidth. 

By design a dipole is a monoband antenna, cut for a specific frequency and you cannot use it on other bands without losing much power. Most amateurs wishing to work on more than one band, one developped the multi-band dipole.

Multi-band dipole

Theoretically, a 40 m long Lévy is a multi-band dipole able to work with efficiency from... 2 to 160 m ! In the field you only loose 3 dB on 160 m using a quality antenna tuner. Of course such an antenna is not really your best choice to work on VHF.

You can also connect by their center several dipoles and fed them with a common feeder. This way your antenna system can work on several bands using a minimum of space. In this version of the half-wave dipole, each insulated end can be tight to any convenient support and the dipoles need not all be in the same plane.

Using the properties of electromagnetism, as we told before a dipole cut to be at resonance at a certain frequency will also be at resonance on its harmonics, for example at three half-waves higher, eliminating the need for an additional aerial. So if you built a dipole for the 40 m band it will be tuned for the 15 m band too. This is the way the famous G5RV multi-band dipole works as well as all harmonic antennas. 

If it is well cut and placed high enough above the ground (1/2 - 1 or at least 8 m high) to preserve the antenna takeoff angle, such a dipole provides an excellence signal. Some amateurs say even that it performs better than any vertical. I rather should say that it works another way with a different radiation pattern, it captures surely less QRM due to its horizontal polarization and constitutes an excellent complementary antenna, specially for the low bands.
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If dipoles are required for optimum performance on several frequency bands they can be connected in parallel at their centres and fed with a common feeder thus providing multi-band facilities in a minimum of space.

Another way to build a multi-band dipole when space is limited is to use traps, consisting in parallel tuned circuits inserted in the two dipole segments. Imagine that you want to build an aerial suited for the 20 m and 15 m bands. On each segment (the ones running from the isolator to the feeder) insert a trap. The full length of your segment is at resonance on the 20 m band while the length going from the feeder to the trap is at resonance for the 15 m band.

Traps should be designed to resonate at 21 MHz., isolating practically the end sections of the dipole from the feeder at that frequency. On 14 MHz, the traps would have a low impedance, and the whole come into use. Some trimming of the segments is however necessary compared to the calculated lengths to compensate for the effects of the traps.

Folded Dipole

In this version, the flat-top dipole is folded on itself in shape of inverted-V. The length of the wire is 1/2 as expressed in the previous formula but the end are folded to the center up to get an opening angle of about 110-120° wide, and the center part is connected to the feeder. If a dipole displays an impedance of roughly 70, the fact to fold the dipole transformsthe input impedance by a factor of 22x70 = 280 so that it can be fed with a 300 ribbon feeder (open wire or "ladder line"), provided the wires forming the folded dipole are the same diameter.
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	At left commonly used dipoles. Note that the feedline always leaves the antenna at 90° to create the less perturbative effects as induced currents by RF energy which couple into the feedline and cause RFI. Keeping the feedline perpendicular to the dipole also help in limiting the amount of RF appearing on the coaxial feedline, it helps to keep the open-wire feedline balanced and most important for SWLs, minimizes the degree to which the feedline radiation messes up the antenna pattern. The dipole height is determined by the length of the open-wire portion of the feed that should not lay on the ground or have abrupt bends in it as this changes its impedance matching characteristics. For a receive only antenna this may not have too great an affect on what you will hear, but probably will have some affect. As long as the open-wire (or Twin-Lead) portion of the feedline is not touching the ground, it is not very critical how to coaxial portion of the feedline is run to the transceiver. It can be lay over the ground, run under ground, or however you have to do it. Watch only for the coax when you cut the grass ! At right specifications of an inverted-V.


Another solution is to use a 300 ribbon feeder for both the aerial and the feeder. Only one conductor of the aerial is cut at the center, the feeder is inserted and the joints soldered. The junction should be clamped between pieces of isolating material and properly proofed. The ends of the aerial are shorted to close the circuit. 

In a three-fold dipole you need a third wire at the center that will be attached to the feeder and the ends linked to the external loop. Here the input impedance increases to 32x70 = 630 which provides a good match to an open line feeder or a double ribbon using insolating spreaders.

The center part contained the feeder and the open parts of the dipole can be connected together using a home-made insulating block or better, using a T-connector that provides mechanical anchorage and watertight termination for the feed line.

Usually the isolators of an inverted-V or OCF dipole are fixed ~30 to 50 cm above ground, the feeder being hanged at about 10 m high (what requires a trick to suspend the balun if there is one in placing it e.g. into a small container equipped with a ring). However, nothing prevent you to attach the ends a few meters above ground, or even against a wall, trees or a fence. I even should say that the higher the weaker the ground effects. Try only to avoid to fix your dipole over an object made of reinforced concrete or metal to avoid QRM or interferences. The best do to is to set it up over a lawn or even a salty water surface.

www.astrosurf.com/luxorion/antenna3.htm
* * * * * * * *

The Merits of Open Wire lines
by Lloyd Butler VK5BR
(First published in Amateur Radio, September, 1991)
Introduction
In choosing a feeder system for antennas, preference is often give to the use of 50-ohm coaxial cable. This practice is often applied when, in fact, it might be more efficient, or even more convenient, to use balanced open wire lines. This article is devoted to pointing out the advantages of open wire lines and discussing a few particular applications where they might be the preferred choice to feed the antenna.

Coaxial Cable
Before turning to our open wire line discussion, we should first discuss the merits of coaxial cable, in particular the type with polythene dielectric as generally used in amateur radio. Typical values of characteristic impedance for this type of cable are 50 ohms and 75 ohms, very suitable values to match the radiation resistance of many basic antennas. Because of the concentric form of the two cable conductors, the coaxial cable fields are confined to within the inside of the cable bounded by the outer conductor. As there is little field on the outside of the outer conductor, the cable can be mounted directly on a metal support. Owing to this feature and also the flexible nature of the polythene dielectric, the cable is very suitable for running up the side of a metal tower or mast to the antenna on top. Furthermore, radiation directly from the cable is minimised because of the confined field. From a receiving point of view, the cable forms a transmission line which is shielded from direct signal pickup. This is an advantage if the cable must run through a high level field of localised noise.

Attenuation
Figure 1, reproduced from the ARRL Antenna Handbook, compares the attenuation of various types of transmission line. Coaxial cable type RG8 is commonly used to feed an antenna on a rigid structure such as a tower. From the curves, RG8 has an attenuation of 0.8dB per 100ft at 14MHz and 1.2dB per 100ft at 29MHz. This is clearly a very satisfactory cable for HF work but, being a 0.4inch diameter cable, it is somewhat bulky to hang in free space from the average amateur wire antenna. For the wire antenna, we might choose a lighter 0.2-inch diameter cable. Suppose we were to feed a dipole antenna set at a height of half a wavelength above the ground. The radiation resistance at this height could be assumed to be 73 ohms and a 75 ohm 0.2inch cable, such as RG59, could be used to match the antenna through a 1:1 balun transformer at the antenna centre. Referring again to the curves, this cable (RG59) has an attenuation of 1.5dB per 100ft at 14MHz and 2dB per 100ft at 28MHz.

Figure 1. Attenuation of various types of transmission line (reproduced from the ARRL Antenna Handbook).
Click Here
All the attenuation figures we have quoted assume a standing wave ratio (SWR) of 1:1. We now refer to figure 2 which allows us to derive the attenuation for SWR greater than 1:1. If our SWR is 3:1, we see that the attenuation of the RG59 cable has increased to 2dB/100ft at 14MHz and 2.8dB/100ft at 28MHz, quite an appreciable loss. Instead of using RG8, we could use 300 ohm open wire TV line via a 4:1 impedance ratio balun transformer. This cable is quite light and flexible, and hangs very well from a wire antenna. From figure 1, its attenuation for an SWR of 1:1 is around 0.08dB/100ft at 14MHz and 0.17dB/100ft at 28MHz. We again refer to figure 2 and it becomes clear that, for an SWR of 3:1, attenuation of the open wire line is still only a fraction of a dB/100ft at both frequencies and hence, far more efficient than the coaxial RG59 cable.

	[image: image19.jpg]




	Figure 2. Curves show increased attenuation
in a transmission line when the SWR is increased
(reproduced from the ARRL Antenna Handbook).



Tuned Feeders
The operation of wire antennas multiband is often made a lot easier if the transmission line can be tuned. This of course implies a very high SWR. Suppose we select a value of SWR = 20, the highest value shown on the curves of figure 2. For this SWR, our RG59 coaxial cable has an attenuation of 6dB/100ft at 14MHz and 7.5dB/100ft at 28MHz. This is excessive attenuation and hence the coax cable is hardly suitable for operation in a tuned feeder mode.

We now apply the SWR = 20 to the open wire TV cable and we get attenuation figures of around 0.8dB/100ft at 14MHz and 0.4dB/100ft at 28MHz. Quite clearly, open wire line is essential for good power efficiency when using tuned feeders.

Some Typical Wire Antennas
One of the most popular of multi-band wire antennas is the G5RV. A typical form of this antenna makes use of a 75 ohm twin lead or coaxial cable coupled via a matching stub of 300 ohm ribbon (refer figure 3). Whilst a good SWR is achieved at 14MHz, it is reported to be as high as 6:1 at 7MHz and 21MHz and 4:1 at 28MHz (refer VK3AVO, AR April 1974 and December 1982). The alternative arrangement is to use 83ft of open wire line all the way to the centre of the antenna. Using this type of feed system, the attenuation is negligible for whatever SWR applies and, hence, it is the preferred system.
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Figure 3. The G5RV antenna with 75 ohm transmission line.
Considerable attention has recently been given in "Random Radiators" to various forms of the series fed or "Carolina" Windom antenna. A typical form of this antenna is shown in figure 4. An antenna impedance of around 200 to 300 ohms is assumed and this is coupled via a 4:1 or 6:1 impedance ratio balun transformer at the antenna connecting point. Of course, the balun transformer must be fitted in some sort of weatherproofing housing attached to the antenna in space Would it not he better to feed the antenna with 300 ohm TV open wire line (or similar) and fit the balun transformer in the radio shack? Not only would the transmission line have lower power loss, but a weatherproof fitting for the transformer would no longer be required.
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Figure 4. The The Carolina series fed Windom antenna using coaxial transmission line.
End Fed Horizontal Antennas
If the radio shack is nearer to one end of the wire antenna than its centre, it is often more convenient to end feed the antenna with a shorter length of feed line. The end of the antenna is a high impedance in the order of thousands of ohms, the actual value being dependent on the wire size and the number of half wavelengths along the wire. One method of matching this impedance to the lower impedance of a balanced transmission line is to tap in the line connection at the appropriate point on a quarter wave matching stub. (See figure 5). This is an efficient feed system but it is limited to single band operation.
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Figure 5. End fed half-wave antenna fed with open wire line and matched using a quarterwave stub.
For multi -band operation of the end fed antenna, the open wire line is fed directly to the antenna end and operated in a tuned mode. The transmitter is interfaced with the line via a tuner with balanced output (refer figure 6). The end fed antenna has some different characteristics to its centre fed counterpart. At a frequency for which the antenna is one half wavelength long, the radiation pattern is similar. However, this is not so at higher multiples of a half wavelength. Take the case of the second harmonic operation in which the wire is one wavelength long. For the centre fed antenna, the two half waves are in phase, but for the end fed antenna, they are out of phase. The centre fed antenna concentrates its field in a bi-directional pattern whereas the end fed antenna has four main lobes giving a more omnidirectional pattern.

[image: image23.jpg]X3A





Figure 6. End fed (Zepp) antenna for multiband operation uses tuned feeders.
An interesting version of the end fed antenna is the end fed inverted V. Assuming this is cut for a half wavelength on 40 metres, it operates similarly to the centre fed inverted V on that band. On 20 metres, there are two half-wave sections as in the horizontal wire but the fields are around 90 degrees to each other (assuming a 90 degree V). In the horizontal plane, the fields are out of phase, but in the vertical plane, they are in phase and additive. It seems reasonable to assume that, on 20 metres, this antenna operates more like a vertical antenna with two broadside elements and a consequent low angle of radiation. The antenna can also be operated as three half waves on 15 metres and four half waves on 10 metres with even more complex radiation patterns. Such an antenna system has been described by Colin Dickman in "Radio ZS" as the "ZS6U Minishack Special". The articles concerned were also reprinted In QST and Amateur Radio.

The end fed inverted V has been used as a multi-band antenna at the writer's home for many years and with considerable success. In this case on 20 metres, the open wire line is matched to the end of the antenna using the quarter wave matching stub. The shorting clip for the stub is just outside the radio shack door and on 40, 15 and 10 metres, the short is removed and the twin open wire line and part of the stub all become the tuned line used on these bands. On 80 metres, the feeder wires are paralleled and the antenna plus feeder and stub become a Marconi antenna operated against ground radials. On this band the radiator is a little over a quarter wave long.

Lengths of Tuned Lines
Tuned lines can be any length provided the antenna tuning system can cope with the impedance reflected down the line. Taking the example of the end fed antenna, odd multiples of a quarter wave will reflect very low impedance and even multiples very high impedance. Both these extreme conditions might present difficulties for the antenna tuning unit and line lengths which are multiples of a quarter wave should perhaps he avoided.

Open Wire Line at VHF
Most custom built VHF antennas are made to match directly into a 50 ohm coaxial cable and, generally speaking, feeding the antenna via a coaxial cable is the most convenient thing to do. Commonly used types of 50 ohm coaxial cable are RG58 and RG8. On two metres, RG58 has an attenuation factor of 4.5dB/100ft and RG8 has a factor of 3dB/100ft. If the transmission line is long, one might well consider open wire line as an alternative to the coax cable. The 300 ohm TV open wire line has an attenuation factor on two metres of only 0.75dB/100ft.

An antenna in common use is the 10 element channel 5A TV Yagi which has been modified for 2m operation. The active element in this antenna is a folded dipole which presents a terminal impedance of around 300 ohms, specifically designed for 300 ohm ribbon cable or 300 ohm open wire line. Here is a case where the 300 ohm line can he run all the way to the antenna from the radio shack with lower loss than using the coaxial cable. At the transmitter end, a 75-300 ohm coaxial balun (as shown in figure 7) can be used to interface with the transmitter. The 75 ohm load to the transmitter might be a little high for the usual 50 ohm output but in practice it can work quite well.

	Figure 7. Coaxial cable balun -
75 ohm coax to 300 ohm open wire
(reproduced from the ARRL
Antenna Handbook).
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Another antenna which is easily matched to the open wire line is the J antenna, figure 8. A half wave vertical radiator is connected at its lower end to a quarter wave matching stub. The open wire line is simply connected to the stub at an impedance point matching the line impedance. The position of the connecting taps can be set by experiment for minimum SWR on the transmission line.
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	Figure 8 The "J" antenna with matching
for open wire or other balanced line.



For a horizontal half wave VHF antenna, one might choose to couple from the open wire line via a delta match as shown in figure 9. This is also a common method of coupling to a HF wire dipole, which is operated only on its fundamental frequency.
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Figure 9. Delta match for balanced line.
Whilst the open wire TV line provides an ideal low-loss feed system, there is one disadvantage. When it rains, globules of water collect on the bridges which spread the wires and this changes the characteristics of the line. On HF, the water appears to have little effect but, on VHF, the SWR increases quite dramatically. When the rain stops, the water globules can can be shaken from the line with a blow from a broom handle or similar. Once this is done, the SWR returns to normal.

Procurement & Construction
We have given considerable attention to the 300 ohm open wire TV line. This line or or cable is made up of two insulated 18 SWG single strand conductors spaced one half inch (12.7mm) apart. Insulating spacers are moulded around the conductors at intervals of around 12 to 15 cm along the cable. The cable is light and flexible and ideal to hang in space supported at one end by the wire antenna. In the past, the cable has been available from outlets which handle TV antenna components and installation, but of recent years, the supply has dried up. If anyone has information concerning whether it is still available (perhaps from overseas) we would be interested to be informed. Perhaps procurement could be taken up by one of our electronic component suppliers.

Failing supply of a ready made cable, open wire line can be easily constructed. Almost any type of copper wire of fairly heavy gauge (at least 1 mm diameter) will do the job. Single-core wire, rather than stranded wire, makes a more rigid job to keep the two wires parallel. For a given characteristic impedance, the wire spacing depends on the wire gauge used. The relationship between wire spacing, wire diameter and characteristic impedance is as follows:

Impedance Zo = 276 log (2S/d) ohms where S = Centre to centre distance between conductors and d = Diameter of conductor (Same units as S)

With insulating spacers fitted, the actual impedance will be somewhat lower than that calculated from the formula. Spacers, as shown in figure 10, can be made up from any suitable low loss insulating material.
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	Figure 10. Insulating spacers fitted to open wire line. (reproduced from the ARRL Antenna Handbook).



If the line is to be used in a tuned mode, the characteristic impedance is not really important and the line dimensions can be set to whatever is suitable for construction. The greatest losses in the tuned line occur at current anti-nodes due to RF resistance of the conductors and at voltage anti-nodes due to shunt resistance loss across the spacers. Whilst the TV line produces quite low losses, they can be reduced even further by making a line with a heavier wire gauge and increasing the spacing between the conductors.

Fields
If the open wire line is perfectly balanced, the fields around the two conductors are equal and opposite and hence radiation from the line is essentially cancelled. However, as the the wires are a finite distance apart, there must be a small differential field created which might be detectable close to the line. If installed close to say a microphone lead within the radio shack, the differential field might be sufficient to cause RF feedback, more so than coaxial cable with its confined field. One way to reduce the differential field is to twist or barrel roll the cable so that over a distance the differential effect is cancelled.

As the fields from the open wire line are not confined, the line must be spaced out from any metal structure, such as a steel tower, to prevent the characteristics of the line becoming compromised. This does not prevent the line being used at such an installation but it is usually easier to use low loss coaxial cable which can be clamped directly against the metal sections of the tower.

Connecting to the Transmitter
Most transceivers are designed for a resistive RF output load of 50 ohms. A 2:1 turns ratio balun transformer can be used to reflect 75 ohms from a 300 ohm balanced line which is properly matched. A transmitter with a valve output stage and adjustable loading control can usually accommodate the 75 ohms. A transmitter with a solid state output stage is likely to be more critical and require a more precise 50 ohm load. For the 300 ohm line, this calls for a 2.45:1 turns ratio transformer, a little more difficult to achieve using the normal multi-filar winding technique on a toroidal core.

For tuned open wire lines or those with a high SWR, some form of balanced matching device is needed to interface with the transmitter. At HF, the Z match tuner has proved to be very useful for this purpose. Where a low loss transmission line is used, the main reason for adjusting to give a low SWR facing the transmitter is to present the correct load impedance to the transmitter This particularly applies to solid state output stages which are designed to protect themselves and shutdown if not correctly loaded. If the transmission line has low loss, standing waves on the transmission line are of little consequence. Reflected power is not all just lost as some writers have often indicated. When there are standing waves, the feeder line becomes part of a resonant circuit and in a low loss line, most of the reflected power is returned to the circuit. If the SWR is 1:1 at the transmitter output, power not consumed by the antenna can only be dissipated in the loss resistance of the transmission line and in the RF resistance of the tuning and coupling components.

Summary
Whilst heavy duty coaxial cable seems the best choice of RF transmission line to run up a solid metal structure, such as a steel tower, open wire line is often a better choice for wire antennas, particularly those functioning in multiband operation. Because of its low transmission loss, the open wire line can be efficiently used on the high frequency bands with a high standing wave ratio or in a fully tuned mode.
A number of typical applications in the use of open wire line have been presented. Particular attention has been given to the 300 ohm TV open wire line which is an excellent product for amateur radio use, if it can be obtained. Apart from its application in feeding HF antennas, it is also a good low loss line for VHF applications. (Of course it was designed for VHF TV.)
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An Attic Coaxial-Cable Trap Dipole for 10, 15, 20, 30, 40, and 80 Meters
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Abstract

A coaxial-cable trap dipole antenna installed in the attic provides a surprisingly effective solution to HF operation on the 10, 15, 20, 30, 40, and 80 meter amateur bands at a QTH with restrictive covenants that prohibit outside antennas. 

Restrictive Covenants

When we purchased our first home in 1980 amateur radio antenna siting was a top selection criteria. But when a job change in 1995 required relocation, my XYL announced that it was "her turn" to choose our new QTH, and amateur radio was not on her priority list! She chose a beautiful new home in a development with excellent amenities for raising our family, but it came with restrictive covenants that prohibit any outside antenna other than a "small antenna for television reception." I feared my HF operating days might be over. 

My early HF operating attempts at the new QTH were not encouraging. The landscaping on our new lot consisted of ornamental trees and shrubs that were barely taller than myself. I tried a full wave horizontal loop of nearly invisible small gauge wire which circled the house hanging below the aluminum gutters, but its performance was disappointing and it caused severe RFI problems, forcing me to limit operation to QRP power levels. I next tried an inverted vee using the same stealthy wire, with the peak supported by the house and the ends supported by ornamental shrubs at corners of the lot. It performed as a classic "cloud warmer" that worked for local contacts but it was a lousy DX antenna. And the low height of the shrubs that served as end supports made mowing the lawn look like I was practicing for a limbo contest! 

Attic Installation

One day while staring at our lot I considered the attic as a possible antenna location for the first time. Some of the positive attributes were: 

· height - the roof ridge on our 2-story home is almost 30' above ground level. This is several times higher than any other object on our property, and is high enough (minimum 1/2 wavelength height) for a horizontal dipole to have a reasonably low angle of radiation on the 10, 15, and 20 meter bands. 

· stealth - any antenna in the attic would be completely hidden, so it would not violate the restrictive covenants. 

· freedom from environment - an outside antenna must withstand the abuse of wind, moisture, ice, UV, birds, squirrels, etc., but the attic provides protection from all these failure mechanisms. 

· simple construction - without environmental stresses to worry about, antenna mechanical and electrical construction is greatly simplified! 

· ease of erection and modification - as long as one is careful not to fall through the ceiling, the attic provides easy access to the antenna in almost any weather. However, summer work in an attic is best performed on overcast days, at night, or in the early morning hours. 

But there were negative attributes, too: 

· RFI - an attic antenna may interfere with household electrical and electronic systems due to its proximity. 

· interactions with nearby objects - electrical wiring, plumbing, ductwork, and other construction materials may adversely interact with an attic antenna. 

· reduced bandwidth - if a shortened length antenna is chosen to accommodate the space limitations of an attic installation, it can reduce the SWR bandwidth. 

· RF exposure - because of the proximity to residents of the house, be sure to conduct an RF safety evaluation. 

· fire safety - be certain your antenna design and construction are appropriate for the power level you intend to use. You don't want a trap or end insulator to catch fire in your attic! Both my experience and the amateur literature suggest that the antenna described here should safely accept 100 W if carefully constructed and installed. 

Our attic consists of 2x4 wood truss construction. The ridge of the main span is approximately 44 feet long with a non-metallic ridge vent. The roofing material is asphalt composition shingles. The siding and soffits are vinyl. The roof is a 12" pitch (i.e. a 45 degree angle) which results in a tall ridge height. The plumbing vent stacks are PVC plastic. The only significant metal objects in the attic are various runs of electrical wiring that service the 5 smoke detectors and 3 ceiling fans installed in the second floor ceiling, and two lengths of flexible ductwork. As attics go, I consider ours is very amenable to the presence of an amateur HF antenna. 

After consideration of the alternatives, I chose to construct a trap dipole antenna in my attic using coaxial-cable traps. I desired multiband capability, and selected a single trap dipole over parallel dipoles or a hybrid design consisting of 2 or more trap dipoles in parallel. Parallel dipoles are more difficult to tune due to interactions between the elements. Also, antenna traps function as loading coils below their resonant frequency and result in a shortened antenna: by using a single dipole design with multiple traps I was able to fit 40 meter coverage comfortably along the 44 foot main ridge of my attic roof. I included 80 meter coverage by adding a pair of 40 meters traps and making a right angle bend at each end of the attic, continuing the 80 meter segments down a few inches below and parallel to the slope of the roof. Since most of the current, and hence most of the radiation, comes from the central portion of a half-wave dipole, this is a reasonable compromise. 

An antenna tuner could also be used to accomplish multi-band operation in conjunction with a non-resonant antenna. I prefer a resonant trap dipole design for the following reasons: 

· Non-resonant antennas present high SWR which results in large losses when coaxial cable feedline is used. These losses can be reduced to an acceptable level by using open wire feedline. However, it would be very difficult to route open wire feedline between my operating location and the attic, so I wanted to use a coaxial cable feedline. 

· Non-resonant antennas can produce a complex radiation pattern with sharp peaks and nulls, e.g. when operating at 10, 15, or 20 meters on an antenna that is an electrical half wavelength on 80 meters. The resonant antenna I constructed produces the characteristic radiation pattern of a half wave dipole on every band, so one need not worry about missing a contact because the other station happens to lie in a null of a complex antenna pattern. 

· Non-resonant antennas require tuning when changing bands. 

· The series trap dipole construction results in a significantly shortened antenna vs. a non-resonant wire dipole. This is a significant attribute because of space limitations in typical attics. Adding loading coils to a non-resonant wire dipole could achieve a similar result, however. 

Coaxial-Cable Trap Construction

The clever use of coaxial-cable to construct antenna traps was first described in the amateur literature by Johns in 1981.[1] Coaxial-cable traps are inexpensive, easy to construct, stable with respect to temperature variation and capable of operation at surprisingly high power levels.[2,3] The traps used in this antenna are based on the "optimized" design graphs derived by Sommer.[4] 

Coaxial-cable antenna traps are constructed by winding coaxial-cable on a circular form. The center conductor of one end is soldered to the shield of the other end, and the remaining center conductor and shield connections are connected to the antenna elements. The series-connected inner conductor and shield of the coiled coaxial-cable act like a bifilar or parallel-turns winding, forming the trap inductor, while the same inner conductor and shield, separated by the coaxial-cable dielectric, serve as the trap capacitor. 

The resultant parallel-resonant LC circuit exhibits a high impedance at the resonant frequency of the trap and effectively disconnects everything after the trap from the antenna. Any inner traps (which are operating below their resonant frequency) function as loading coils and shorten the overall physical length of the antenna. 
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I constructed my traps using good quality RG-58/U coax scavenged from a discarded 10BASE-2 Ethernet cable. PVC couplings were used for the trap forms: PVC couplings are very inexpensive, readily available in useful diameters, and can be purchased individually, whereas PVC pipe is usually sold only in 10 foot lengths. 14 gauge solid wire was used to form "bridle wires" for electrical termination of the coax and electrical and mechanical termination of the antenna wire elements. 

Coaxial-cable traps must be "tuned" before use. The coax turns were spread slightly until the desired resonant frequency was reached, as measured by a dip meter whose signal was monitored on a nearby calibrated receiver. After adjustment the coax turns were secured by coating with lacquer (I used Deft® brand left over from a furniture finishing project.) 

Here are several important points to keep in mind if you attempt to build coaxial-cable traps: 

1. The outside diameter of the trap form is a critical dimension. I used Schedule 40 PVC couplings as trap forms (NOT Schedule 40 PVC pipe!) Note in Table 1 that the nominal size of the PVC couplings represents the PVC pipe size the coupling is designed to join, which is significantly smaller than the outside diameter of the coupling. 

2. Coaxial-cable traps have a relatively high Q, which results in a relatively sharp frequency resonance. You must adjust (i.e. tune) the traps or the antenna will not work properly, as traps can't do their job if they don't resonate (i.e. become a high impedance) at the correct frequency. 

3. If you don't have a dip meter, you can use an HF antenna analyzer, such as those made by Autek or MFJ, to adjust the trap resonant frequency using the procedure in the section titled TRAP FREQUENCY MEASUREMENT at http://www.autekresearch.com/uses.htm. With either a dip meter or antenna analyzer you will get the most accurate result by using the minimum coupling between the trap and the measuring instrument which produces a discernable dip. 

4. Unlike traps made from a discrete inductor and capacitor, coaxial-cable traps at resonance, i.e. in their high impedance state, exhibit a different amount of end loading depending on which end faces the center of the antenna. Either orientation works, but to maintain dipole symmetry trap pairs should always be installed symmetrically. I use the easy to remember rule, "Connect center conductor of trap coax toward center of antenna." 

	Table 1. Specifications of the traps used in this antenna

	band
	design frequency
	trap form
	coax length
	coax turns
	actual frequency

	10 meters
	28.85 MHz
	1.375" OD (3/4" PVC coupling)
	20.25"
	4
	28.5 MHz, 28.7 MHz

	15 meters
	21.225 MHz
	1.375" OD (3/4" PVC coupling)
	26"
	5.25
	21.1 MHz

	20 meters
	14.175 MHz
	1.625" OD (1" PVC coupling)
	35.5"
	6
	14.2 MHz

	30 meters
	10.125 MHz
	2.0" OD (1.25" PVC coupling)
	46.25"
	6.5
	10.12 MHz

	40 meters
	7.15 MHz
	2.25" OD (1.5" PVC coupling)
	61"
	7.75
	7.15 MHz
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The 10 and 15 meter traps, wound on 3/4" PVC pipe couplings. 
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The 20 meter traps, wound on 1" PVC pipe couplings. 
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The 30 meter traps, wound on 1.25" PVC pipe couplings. 
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The 40 meter traps, wound on 1.5" PVC pipe couplings. 

Trap Connections
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I used this simple method to connect the traps to the antenna wire elements. I soldered a short (approximately 2") wire pigtail to the bridle wire on each end of the trap. Then the antenna wire was looped through the trap bridle wire and secured to the pigtail using an electrical wire nut. This made trimming the lengths of the antenna elements easy, as the connections could be readily disassembled and no soldering in the attic was required. When the antenna trimming was complete I used a nylon cable tie to secure the antenna wire loop to the pigtail to strain relieve the connection. 

I used 14 gauge stranded household electrical wire for the antenna elements. This wire is very inexpensive when purchased in 500 foot spool quantities at home centers. The insulated jacket causes the wire to have a velocity factor somewhat lower than that of bare copper wire. This is a beneficial attribute for an antenna intended for limited space use such as in an attic, as it results in a shorter overall length. 

Center and End Insulators

[image: image38.jpg]


The antenna center insulator was constructed from a piece of scrap Plexiglas® stock[*]. The center of a half-wave dipole is a current feed point so just about any insulating material will work here. Plastic cable ties are used to secure the antenna elements and the RG-58/U feedline to the insulator. A rope attached to the topmost hole is used to support the antenna center. The rope is approximately twice the height of the attic. It passes through a screw eye secured at the peak of the attic which functions like a pulley, allowing the antenna center to be easily raised and lowered. 

I used "real" pulleys at the ends of the attic where the 80 meter segments were bent 90 degrees to fit within the available space. The insulated 14 gauge wire rolls easily over the "real" pulleys, allowing the antenna to be easily lowered for adjustment. I supported the pulleys from the top of the attic walls with a length of plastic rope, which also serves as an insulator. The antenna end insulators (not illustrated) must withstand high voltage in operation, so a bit of care must be taken with their design to insure that you don't start a fire in your attic! I fashioned mine by drilling holes at the ends of lengths of scrap plastic rod stock. A generous length of rope was attached to each end insulator, and screw eyes were used as pulleys to allow the antenna to be easily raised and lowered. 

[*] The original sheet of Plexiglas® was purchased to replace a pane in the shack window so that holes could be easily drilled for the purpose of bringing cables into the shack. When I move from this QTH I can replace the original glass pane, leaving no trace of my antenna installation. 

Choke Balun

I constructed a choke balun near the antenna center insulator by wrapping approximately 6 feet of the antenna coaxial-cable feedline as a single layer winding on a scrap polyethylene food container that was approximately 4 inches diameter. I used cable ties through small holes drilled in the container to secure the coax winding. 

Some amateurs argue that a balun is not necessary when feeding a dipole with coax, but the proximity of this antenna to other objects and the physical constraints of attic installation make antenna symmetry unlikely in this situation. The simple choke balun used here is trivial to construct, and I do not feel it is worth the risk of feedline radiation problems to omit it. 

Antenna Dimensions

The final dimensions of my antenna are shown below. If you try to duplicate this antenna you should start with longer lengths and then trim as necessary, as the lengths will be affected somewhat by height above ground, and in an attic installation by proximity to the building. An antenna analyzer, such as the MFJ-259 that I used, greatly speeds the trimming process. 
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If you are not interested in the 30 meter WARC band, here are the dimensions of the antenna without the 30 meter traps. You may note that the 80 meter end sections are significantly longer in the version without the 30 meter traps: much of that difference may be due to the larger percentage of the 80 meter section length that had to be bent to fit my attic in that version. 
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Electrical Measurements

One of the most often quoted disadvantages of trap antennas is reduced bandwidth. But the useful bandwidth of the coaxial trap dipole described here is sufficient for no-tuner use over much of the 6 bands. As the measurements in Table 2 illustrate, the antenna performs with better than 2:1 SWR over the entire 10 and 15 meter amateur bands. Almost all of 20 meters is usable with less than a 3:1 SWR. The 40 and 80 meter bands were trimmed for operation within the CW band segment. 

	Table 2. 2:1 and 3:1 SWR Bandwidth (Measured with MFJ-259 Antenna Analyzer)

	amateur band
	2:1 SWR
	3:1 SWR

	10 meter (28.0-29.7 MHz)
	2.2 MHz
	4.23 MHz

	15 meter (21.0-21.45 MHz)
	640 kHz
	1.04 MHz

	20 meter (14.0-14.35 MHz)
	190 kHz
	330 kHz

	30 meter (10.1-10.15 MHz)
	100 kHz
	190 kHz

	40 meter (7.0-7.3 MHz)
	50 kHz
	110 kHz

	80 meter (3.5-4.0 MHz)
	60 kHz
	200 kHz


Table 3 contains the resonant frequencies and SWR, 2:1 SWR limits, and 3:1 SWR limits of the antenna as measured after the final trimming of each of the elements. 

	Table 3. SWR vs. Frequency (Measured with MFJ-259 Antenna Analyzer)

	SWR
	10 meter band
	15 meter band
	20 meter band
	30 meter band
	40 meter band
	80 meter band

	3
	27.17 MHz
	20.64 MHz
	14.00 MHz
	10.05 MHz
	7.06 MHz
	3.56 MHz

	2
	27.70 MHz
	20.83 MHz
	14.07 MHz
	10.09 MHz
	7.09 MHz
	3.64 MHz

	resonance
	28.65 MHz @ 1.0
52 ohms
	21.14 MHz @ 1.3
54 ohms
	14.16 MHz @ 1.3
44 ohms
	10.13 MHz @1.6
82 ohms
	7.12 MHz @1.8
35 ohms
	3.67 MHz @1.9
39 ohms

	2
	29.90 MHz
	21.47 MHz
	14.26 MHz
	10.19 MHz
	7.14 MHz
	3.70 MHz

	3
	31.40 MHz
	21.68 MHz
	14.33 MHz
	10.24 MHz
	7.17 MHz
	3.76 MHz


On-The-Air Performance

I finished installing this antenna on a Saturday. The next morning I connected my Heathkit HW-8 QRP rig and answered the first CQ I heard, which was an SM5 (Sweden) station on 15 meters. He responded to my call and we had a nice QSO, with solid copy on every exchange. I was running 2 watts output. I've had similar results on the other bands as well. 

The performance of this attic coaxial-cable trap dipole doesn't compare to the 10-15-20 meter Yagi and 45 foot tower I enjoyed at my former QTH, but it continues to surprise me with just how well it does work. I have found the SWR bandwidth adequate for no-tune operation with my transceiver across the entire 10, 15, 20, and 30 meter bands, and the CW segment of 40 and 80 meters. I experienced no RFI problems at QRP power levels, but I did experience serious RFI problems with our stereo receiver at QRO (100 Watt) output power on 40 meters that I remediated by wrapping its power and surround speaker cables around split core "snap on" filter chokes (Radio Shack 273-104). 

Your Mileage May Vary

Although many hams succeed with attic antennas, I know several who have tried attic dipoles and were disappointed with their performance. Perhaps my attic is more "antenna friendly" than theirs, or perhaps other factors conspired against them. I do hope that this story will inspire others with restrictive covenants (or restrictive spouses!) to not give up. This antenna has made it possible for me to operate a satisfying HF station in spite of the restrictive covenants imposed on my dwelling. Good luck, and I hope to hear you on the air soon! 
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Frequently Asked Questions

Since posting this web page, dozens have written me with questions about my antenna or to report that they successfully constructed their own trap dipole after reading this paper. Below are the most frequently asked questions I have received: 

· Can one add the 12 and 17 meter WARC bands? 

See Appendix - Why Aren't 12 and 17 Meters Supported? below. 

· Can 80 meters be deleted? Can 80 meters and 40 meters be deleted? 

Yes. Remember that antenna traps become a high impedance at their resonant frequency, so the trap essentially becomes an insulator at resonance and everything after the trap is disconnected from the antenna. 

To delete 80 meters, simply omit the 40 meter traps and everything after them, placing the end insulators where the 40 meter traps used to be, and you'll have a 10/15/20/30/40 antenna. The dimensions of the remainder of the antenna will be unaffected except that the 40 meter segment lengths might need to be lengthened slightly due to the removal of the end loading provided by the 40 meter traps. 

Similarly, to delete both 80 and 40 meters simply omit the 30 meter traps and everything after them, placing the end insulators where the 30 meter traps used to be, and you'll have a 10/15/20/30 antenna. The dimensions of the remainder of the antenna will be unaffected except that the 30 meter segment lengths might need to be lengthened slightly due to the removal of the end loading provided by the 30 meter traps. 

· Can this antenna be installed outdoors? 

Yes, however you may want to better weatherproof the connections, e.g. prevent water infiltration into the ends of the coax used for the traps and replace the wire nuts with soldered connections. [Note: I know one Southern New Jersey ham who made no effort to weatherproof his homemade outdoor coaxial cable trap dipole. He reports that it still works great after more than 10 years of exposure to the elements!] 

If you are in a region where ice or wind loading are likely you may also want to improve the mechanical strength, e.g. use more substantial center and end insulators. 

· Can this antenna be used in a vertical orientation? 

Yes. For example, Gareth KH6RH constructed a 10/15/20 version of this antenna and hung it vertically in a tree near his appartment building. He wrote: 

"Not really having a good spot to hide a horizontal dipole for hf, vertically up in the tree works great. SWR is very reasonable, way under 2:1 where I stray. It's so nice to have 3 bands and no tuner on one antenna. I did have a single delta loop in the tree tuned for 10m, but after the tree trimming, it became too noticable." 

· Can this antenna be used in an "inverted vee" orientation? 

Yes. Since it is electrically a half wave dipole on each band it will have a similar radiation pattern to a full size inverted vee hung at the same elevation. Below is an excerpt of an e-mail from KH6RH which I received several months after he first wrote about orienting a 10/15/20 meter version of this antenna vertically: 

"Not being one to sit still for long, I stared at my tree outback long enough to visualize I can mount the CTD [coaxial-cable trap dipole] horizontally, inverted vee style, and have it still "hidden" to the untrained eye. You know what, John, it works even better. I've been copying Europe, Asia, NA, SA, and Africa with this setup. I run the NCDXF beacon tracking program, and can hear the ZS6 beacon pretty much every day, on 20, 15, & 10m. Yes, the other QTH's come in too, but ZS6 being on the complete opposite side of the earth from KH6 makes it extra special. So you can imagine, hamming has been a lot of fun the last couple of months. Yes, the CTD does work vertically, but horizontally seems to work better, by the lobe of my ear, anyway. SWR is a tad higher on all 3 bands, but from what I've been hearing, it doesn't seem to affect performance." 

· Why are the traps resonant at the center rather than at or below the lower edge of the band of interest, as in some other trap antenna designs? 

Modeling suggests that a fractional dB increase in gain is possible with a lower resonant trap frequency (e.g. see the discussion The Effect of Trap Resonant Frequency on Performance in http://www.cebik.com/trapg.html.) Unfortunately, this practice reduces the isolation provided by a trap at resonance which can make pruning the elements more difficult. It also raises the feedpoint impedance. I believe these disadvantages outweigh the insignificant theoretical improvement in antenna gain. 

Appendix - Why Aren't 12 and 17 Meters Supported?

I did not include 12 and 17 meters in the series trap dipole described above because the loading effect of the 10 meter traps when operating on 12 meters would require the length of the 12 meter elements to be negative in order to achieve resonance. Similarly, the loading of the 15 meter traps when operating on 17 meters would require negative length 17 meter elements. 

If operation on the 12 and 17 meter WARC bands is desired, one could construct a second trap dipole for those two bands using a pair of traps resonant at 12 meters. The inner elements (approximately 112 inches each) would form a full size half wavelength 12 meter dipole. The length of the outer (17 meter band) elements would be reduced by the loading effect of the 12 meter traps. In Table 4 below I include the dimensions of 12 meter traps that could be used in the construction of such an antenna. Table 4 also includes dimensions for 17 meter traps. These would not be used for a 12/17 meter dipole, but are included for completeness in case one is interested in constructing another band combination, e.g. a trap dipole covering the 12/17/30 meter WARC bands which would require a pair of 12 meter traps and a pair of 17 meter traps. 

	Table 4. Specifications of traps for 12 and 17 meter amateur bands

	band
	design frequency
	trap form
	coax length
	coax turns

	12 meters
	24.94 MHz
	1.375" OD (3/4" PVC coupling)
	22.7"
	4.4

	17 meters
	18.118 MHz
	1.625" OD (1" PVC coupling)
	29.2"
	4.9


A 12/17 meter dipole could be fed with a second feedline or alternatively, it could be connected in parallel with the 10/15/20/30/40/80 dipole described in the main section of this paper. I have not tried or modeled the parallel connection so I do not know what interaction, if any, would occur between the two antennas. 

Revision History

	08 Sep 2003
	Clarified trap connection illustration and added FAQ regarding trap frequency relative to band of interest per suggestions by Will W1ZRV.

	26 Aug 2002
	Add inverted vee testimonial and trap construction hints. Reverse trap form dimensions to emphasise OD rather than nominal size of PVC coupling.

	24 Aug 2002
	Add appendix regarding 12 and 17 meters, cutaway illustration of trap conections, paragraph comparing a trap dipole to a non-resonant antenna plus antenna tuner, paragraph on trap orientation, FAQ section, and other minor changes.

	30 Nov 1999
	Restore dimensions of antenna without 30 meter coverage.

	06 Apr 1999
	Added 30 meter coverage.

	03 Jan 1999
	Added 80 meter coverage.

	10 Dec 1998
	Original version for 10, 15, 20, and 40 meters.


SPECTRUM COMMUNICATIONS – Antony Nailer:
The Inverted trapped L aerial is half a trap dipole with the feedpoint at ground level.  It operates on 80 - 10 metres and is only 2dB down on a full quarterwave 80 metre inverted L.  With a total wire length of just 53 feet this can be accomodated in a very small garden, with say 20 feet vertical and just 33 feet back to a support on the gutter or chimney of the house.  This type of aerial is unbalanced and must be fed with coax. The complete aerial, top wire, two insulators, trap, and coupling box £82.00 including Special Delivery.
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Update 17 July 2007

A 95 foot 4 trap dipole for 80 - 10 metres was produced in June.  I have now run the calculations with a higher L : C ratio in the traps and have a design now just 81 feet 5 inches long.  Using medium diameter top wire the cost is £261.00 including 70 feet of feeder and including Interlink carriage.  There is even the prospect of it being available in kit form at £161.00.

Update 19 June 2007

Manufacture of custom and standard aerials is steady and quite encouraging.  The old molds are being scrapped and new ones brought into use to improve the surface finish of the traps.  The use of the complex design equation in an Excel spreadsheet together with a costing spreadsheet now enables realistic pricing of custom aerials to be quickly achieved.

Update 24 February 2007 

The design equations show that the coax traps having a higher L to C ratio than used in the W3DZZ design and need to be used with an inner wire length of 33 feet and an outer wire length of 19 feet 7 inches.  Some 2 feet shorter overall than as sold by G2DYM. Customers who have tried these lengths found that correct resonance occurred on both 80 and 40 metres.  

Update 25 January 2007

I have found an article from Technical correspondence in QST August 1976 which gives the equations to determine the net inductance loading required for a trap at a defined position on an aerial wire.  The extensive equations have been tried and do agree very closely with the W3DZZ design of trap dipole.  A program has been developed to calculate top wire lengths and trap inductance and capacitance.

Measurements of the inductance of the 7MHz coax traps reveal the inductance to be about 12uH.  The effect of connecting the inner from one end back to the outer at the other end effectively shorts out the inner to outer capacitance at low frequencies.  At 7MHz the isolating effect of the intervening inductance allows the total capacitance to total around 42pF.

Introduction

On 30th October 2006 Spectrum Communications acquired G2DYM Aerials.  That business has run for exactly 30 years selling Trap Dipoles mainly to the Amateur Radio fraternity.  Richard Benham-Holman G2DYM the previous owner had just had his 84th birthday and due to failing eyesight so was unable to continue running the business.  

The G2DYM Trap Dipole.  This is based on the W3DZZ trap dipole design using a 7MHz dipole comprising two sections of 32 feet, with 7MHz traps then a further 21 feet 7 inches beyond the trap.  As standard it is supplied with 70 feet of 75 ohm twin feeder.  A optional balun is then used to convert to the unbalanced feed of the transceiver.

75 Ohm Twin Feeder

75 ohm twin feeder is lower loss than coax.  It allows the aerial to be properly balanced and the very close spacing of the wires prevents pickup or radiation from the feeder.   It does not need to be spaced off, unlike ribbon feeder.  Use of twin feeder makes this aerial much lower noise than one fed with coax.  Also importantly it generates less TVI  !!

Note that the aerial is generally 72 ohms, and will need to be used with an ATU with transistorised rigs which are unforgiving about SWR mismatches.

Full size Trap dipole

On 160 metres the two wires of the feeder are connected together and then in conjunction with an ATU the aerial operates as a Marconi T when tuned against Earth.

On 80 metres, the off-frequency trap acts as inductive loading and extends the effective length of the outer sections to 132 feet, the half wavelength resonance for 80 metres.

On 40 metres, the traps isolate the end sections so it works as a half wave centre fed dipole.  

On 20 metres, the off-frequency traps reduce the effective length of the whole aerial so it operates as a three half wave centre fed dipole. 
On 15 metres again with the off-frequency traps it operates as a five half wave centre fed dipole.
On 10 metres it functions as a seven half wave centre fed dipole
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Full size Trap Dipole, 106 feet overall length, for 80, 40, 20, 15, & 10m parallel fed, also 160m as T configuration.  It comprising two inner sections of 33 feet and two outer sections of 19 feet 7 inches, two 7.1MHz traps, a centrepiece, two dog-bone end insulators, and 75 ohm twin feeder.  All the wires used in a complete dipole are terminated either by wrapping back round and soldering, or by crimped and soldered lugs.  All termination ends are properly finished with heatshrink and PVC sleeves.  Connections to traps and the centrepiece are made using M6 nuts and bolts.  The power rating is 400W continuous for all version.

Light duty, for sheltered environment.  2.5sq.mm stranded PVC covered top wire.   £124.00, not including feeder, see below for options.  Interlink Carriage £15.00.
Light duty, for sheltered environment.  4.1sq.mm hard drawn bare top wire.  £132.00, not including feeder, see below for options.  Interlink Carriage £15.00.
Medium duty, for typical inland site. 6sq.mm stranded PVC covered top wire.  £142.00, not including feeder, see below, for options.  Interlink Carriage £15.00.
Heavy duty, for exposed site, 10sq.mm stranded PVC covered top wire.  £164.00, not including feeder, see below for options.  Interlink Carriage £15.00.
 Half size Trap Dipole, 54 feet overall length, 40,20, 15, or 10m parallel fed, also 80m as T configuration. It comprises two inner sections of 16 feet 6 inches and two outer sections of 9 feet 9 inches, two 14.15MHz traps, a centre piece, two dog-bone end insulators, and 75 ohm twin feeder. All the wires used in a complete dipole are terminated either by wrapping back round and soldering, or by crimped and soldered lugs.  All termination ends are properly finished with heatshrink and PVC sleeves.  Connections to traps and the centrepiece are made using M6 nuts and bolts.  All versions rated at 300W continuous.

Light duty, for sheltered environment.  2.5sq.mm stranded PVC covered top wire.   £110.00, not including feeder, see below for options.  Special delivery £10.00. 
Light duty, for sheltered environment.   4.1sq.mm hard drawn bare top wire.   £112.00, not including feeder, see below for options.  Special Delivery £10.00.
Medium duty, for typical inland site.  6sq.mm stranded PVC covered top wire.   £119.00, not including feeder, see below for options.  Special Delivery £10.00.
Heavy duty, for exposed site, 10sq.mm stranded PVC covered top wire.  £130.00, not including feeder, see below for options.  Interlink Carriage £15.00. 
Feeder, 75 ohm twin with ends made-off.  35ft £23.50.  70ft £28.00.  96ft £31.50. 108ft £33.00  128ft £35.50.  140ft £37.00.  P&P £3.00, (unless included with top wire).

Balun 1:1 ratio, 160 - 10 metres, air cored, 2KW rated. Low impedance in and out. £40.00, carriage £3.00.
3.5MHz G4CFY traps.  £40.00 each, post £3.00 singly, or £3.50 pair.
7.1MHz G2DYM traps.  £30.00 each, post £3.00 singly, or £3.50 pair.
14.15MHz G2DYM traps.  £25.00 each, post £3.00 singly, or £3.50 pair.
Dear Mike, 
                 I have run the design and costing of a 20/10m trapped dipole. 
It is much the same as the larger ones I do, except that it only needs the thinnest wire and there is a lot less top wire.  Nevertheless the time required to make it is just the same as the full size one. 
Overall it is 26 1/2 feet long and requires a 3.25uH inductor resonated by 9.4pF. 
Designed for resonance on 14.135 and 28.8MHz.  It will be usable on 21MHz with the use of an ATU. 
Cost is £141 including 35 feet of feeder and carriage by special delivery. 
Regards, 
Antony Nailer.

My own approximations for a 10m / 20m Trapped Dipole:

10 m leg = 2.37m   (93 or 98 inches)

20m leg =  4.75m less the 10m leg less the trap coax length (e.g. 51 cm)

e.g:

2.37 + 0.51 + 2.38 = 5.26

x 2

= 10.52m (414 inches = 34.5 feet)

* * * * * * 

