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THE PROCESS of building



my Skybolt N52DH, I was determined to keep the parasite drag at a minimum. Even biplanes, with all their inherent drag, can be helped



by cleaning them up. One of the problems which presented itself for improvement was the area of antennas. This was a particular problem with my plane because it was to be IFR equipped which in my judgement meant two complete Nav-Com systems, with its attendant antennas. The local radio shops were relatively little help with suggestions such as "Yes, you can put the omni antenna in the wing, but it probably won't work very well. Why don't you try it and let me know how it works?" Then came the admonition. "Don't



let either one of the rabbit ears get 22 DECEMBER 1977



close to any metal." Well, that last part can't be done. It appeared that nobody knew anything about antenna location except that antennas seemed to work in certain installations, and if you found one that worked, you kept doing it that way. I read every article on antennas that I could find, including Jim Weir's excellent article in SPORT AVIATION. While the physics are well known with regard to the antennas themselves, there are no hard and fast rules regarding placement. Mostly it is a trial and error business. But now enters the picture, a flyer, homebuilder, antenna engineer and hobbyist by the name of Bob Archer of Torrance, California. I heard of the man and managed to trace him down. When I first asked him about putting some sort of antenna in the Skybolt wing tip, his first answer was, "it can't be done". As often happens, the problem was one of communication, and when the problem was represented in a more intelligible mode, you could practically hear the wheels clicking on the other end of the line as he mentally dsigned the antenna on the spot. Bob has a wood wing Bellanca which he uses as a test bed for various antennas and he plots the radiation patterns and response curves with the result that he has a wealth of practical experience with regard to antennas in general, and wood wing airplanes in particular. Among his observations, well documented, are the facts that some commercially built planes have their antennas in almost the worst possible place. For instance, an omni antenna placed above and behind the cabin may have a radiation pattern as determined both in the horizontal and fore-and-aft vertical planes shown to be poorest directly ahead of and slightly below the airplane, exactly where we want it to work best. The antenna which Bob designed for me has a number of advantages, not the least of which is that it works superbly, which after all is what antennas, as well as airplanes, are all about. In addition, it is simple —



even I can understand how to do it. It is dirt cheap — how about that for a change! It is light in weight. And most gratifying, it solves the drag problem. It consists of a 20" piece of 1/6" stainless steel welding rod inlaid in the wooden wing tip bow and attached to a BNC connector mounted on the last nose rib. First, Bob Archer disabused me of the notion that new antennas need two arms as in the



classical rabbit ears. In this system,



one arm is used with a ground plane. The chassis mount BNC connector (with single nut mount) is mounted on an aluminum plate which is made in the shape of a nose rib with the addition of tabs along its free margins (see Fig. 1). These tabs are all turned over the edge of the rib and under the metal leading edge of the wing. The reason for the large number of tabs is to increase the area of contact between the baseplate and the leading edge because radio frequency currents (which behave more critically than ordinary currents) will set up interference if they are restricted to a narrow contact (so Bob
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Figure 1



tells me). The entire leading edge of the wing then becomes a ground plane and it ideally should be isolated from the other metal in the plane. The BNC connector is mounted in the center of this plate with the inside end mating to the connector of an RG 58 cable from the radio. We put another disconnect at the wing root. The welding rod was then soldered to the center of the connector on the outside. This rod was mounted as shown in Fig. 2. The rod passes through a hole in the tip bow and then is inlaid in a groove in the outside of the bow. The wire is epoxied in place and covered as per usual. There is no need to skimp on the silver paint in this area. Silver paint is made up of particles which do not touch each other and thus do not shield an antenna. In practice, my plane has two antennas, one in each lower wing tip, one hooked to a Radair 200 and the other to an Edo-Air 563S. How well do they really work? Well, I was pleasantly surprised when in the



early test flights over Flabob Airport, I tuned in LAX which is 60 miles away and got stable reception on both navs. On the trip to Oshkosh '77, the longest reception that



I could document precisely was 110 miles with both needles centered. This was at the altitude of 9,500 over eastern Colorado. On the entire trip, I was rarely out of range of two



ANTENNA LOCATION



By Bob Archer (EAA 48916)



21818 Ocean Ave. Torrance, CA 90503



After Dr. Hall had such excellent results with the wing tip omni antennas he had installed in his Skybolt with my advice, he asked me to say a few words about antennas for



SPORT AVIATION. For several years I had been intending to write an article about antennas, but with all of my pro-



jects I could never seem to find the time. After Jim Wiers' excellent article on antennas was published in SPORT AVIATION, in October of 1976, there just wasn't much left to say on the subject. With Dr. Hall's encouragement, I decided to say something about a couple of things Jim Wier didn't mention in his article, or things he just touched on briefly. One of the first things is the antenna radiation pattern, which is the field strength vs. direction. First, an airplane is a terrible shape on which to mount an antenna and get a decent radiation pattern, especially a small airplane. Ideally, we would like to have a constant level of radiation in the horizontal plane with perhaps a plus or minus 30 degrees elevation angle. About the only way one could get a pattern something like this, would be to hang a dipole vertically in free space. If one were to put an airplane in the picture, however, the R.F. energy bounces off and travels along the conducting
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stations at any one time. Wonders of wonders, while trying to cut down on drag, I had found an antenna which gives a bonus in performance. I believe that Bob Archer deserves the recognition for his contributing the solution to the navigation antenna problem in this type of airplane.
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portions of the airframe distorting the pattern all out of shape. About all one can do then is to try to find the least "worst" place to install the antennas. There are certain characteristics of antennas which need to be known before one can make a decision as to the location of mounting antennas. To begin with the entire airframe of an all metal aircraft is the ground plane. R.F. energy tends to radiate more energy in the direction of the longest ground plane, also it tends to wrap around curved surfaces and travel more strongly down sharp edges. Thus, if one places a communications antenna in the middle of the wing fuselage junction, one gets a horizontal pattern similar to Figure No. 1. If it is placed on top of a round fuselage, the pattern in the vertical plane will be similar to Figure No. 2. Likewise the pattern would be stronger in the plane of sharp edges. Another thing is to not put an antenna anywhere near any conductor that is from about l/8th wavelength and longer.



Straight Stub ©Wing-Fuselage Junction Low Wing
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That is, anything within about one wavelength will effect and disturb the field of the antenna. A quarter wavelength is probably the worst distance to mount an antenna from an obstacle of some sort. If one mounts an antenna about a quarter wavelength from a surface or rod that is longer than the antenna element, the energy is reflected from that surface or rod and the antenna is then what the Ham operators call a "Bean Antenna." With this type of antenna, one will get practically no radiation in the direction of the reflector. Also, it is bad practice to put two antennas in close proximity as this condition will also cause pattern interference. From many years of antenna experience, I have formed opinions about the best and worst locations for various antenna types. The best location of the VOR antenna I believe would be in the wing tips (see Fig. 3), with top of the vertical stabilizers (see Fig. 4), being second best. The worst VOR antenna position would be under the horizontal tail (see Fig. 5), with under and above



the fuselage a close second (see Fig. 6). The best communication antenna location I believe is the top of the vertical tail (see Fig. 7), with second best being the wing fuselage junction area (see Fig. 1). The worst communications antenna location would be on the belly in the middle of all the gear legs on a tricycle gear type aircraft. The basic rules boil down to this: on metal airplanes mount stub or unbalanced antennas on the largest expanse of metal without nearby reflecting objects and on plastic or wooden airplanes mount balanced or dipole antennas as far as possible from any reflecting objects. For flush or internal antennas, the ideal installation would be for the aircraft designer to design them into the structure. Since aircraft designers generally are not too knowledgeable in antenna design, we probably will never have this condition in homebuilt aircraft, but we can provide suitable internal loca-



tions for our antennas in homebuilts during construction. For flush and internal type antennas, I have for years been using metal tape for the antenna elements. I have used aluminium tape, copper tape and the tape they use around windows for burglar alarms. I believe the burglar alarm tape is lead. One can also use strips of aluminium sheet metal. Using tape and metal strips makes it easy to attach the antenna elements to the inside of plywood, fiber-glass, plexiglass and even fabric, if one backs it
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