Practical Antennas for the Practical Ham

By Gary Huff, K9AUB

One of the biggest problems with choosing an antenna is that very few people, including many authors, really understand what an antenna is, what it does, and why one antenna is “superior” to another antenna.  As a result, many articles are written touting this or that antenna as being far superior to all other designs.  The fact is, most of them are not.  

What exactly does an antenna do, and why do we need one?  An antenna is a transducer… that is, it transfers the RF energy generated by our ham radio rigs and puts it into the surrounding atmosphere, and reverses the process by extracting electrons from the atmosphere and sending them to our receivers.  Simple as that.  Without an antenna, our RF would sit inside our transmitters, never to be heard by anyone on the other end of the path, and we would hear nothing but random hissing from our receievers.  Some antennas transfer this energy a little more efficiently than others.  Some aim or collect it in a general pattern, in all directions.  This is actually desirable because we seldom know where our next contact will come from.  We might sit in Illinois and call CQ, and be answered by a ham in California, or Nova Scotia, or Louisiana.  So, by using an antenna that is non-directional, we can cover the widest geographical area and expect to receive more responses.

But what if we are only interested in one specific location in the world?  Suppose we want to talk to an amateur in Indonesia, or Italy, or South America?  In that case, we would want an antenna that can direct our signal in one specific direction.  

Well, fortunately, we can design antennas that will do both of those jobs.  But first we need to understand some basics of antennas and how they accomplish what they accomplish.  

In general, a single-wire is just that: a single wire antenna, and it will transfer X-amount of energy to/from the atmosphere.  All single wire antennas pretty much perform like all other single-wire antennas.  The important differences are how MUCH wire is in the air?  A larger, longer antenna will usually work better than a smaller, shorter antenna.  This is the concept of “there ain’t no free lunch.”  You simply cannot design a physically small antenna and expect it to perform as well as a larger antenna.  All “loaded” or shortened antennas will always perform in a manner inferior to full-sized antennas.

The basic design, the starting point for all antennas, is the ½ wave radiator.  The variations between designs are usually in how that wire is fed.  If it’s fed in the center, it’s a dipole, or a variation of the dipole such as the Inverted Vee.  If it’s fed at the end, it’s a Zepp or a longwire.  If it’s fed somewhere between center and end, it’s probably a Windom or Off Center Fed (OCF) antenna of some kind.

Which antenna radiates better?  Well, here’s the surprise: they all will radiate pretty much the same, IF they have the same amount of wire in the radiating portion of the antenna.  That’s right, there is no performance difference between any of them if the amount of wire in the antenna is the same.  There will be exactly NO difference at the other end whether you are running a Windom, or a dipole, or a Zepp, PROVIDED that each antenna is properly matched, uses the SAME amount of wire at the SAME height above ground and with the SAME clearance around the antenna.  The only difference between these antennas will be in how they are fed, and what the radiation resistance is at the transmitter.  A dipole will present about a 52 or 75 ohm impedance at the transmitter.  A Windom will show around 200-500 ohms at the transmitter.  And an end-fed Zepp will show about a 500-1000 ohm impedance at the transmitter.  Of course, each design calls for a certain feedline, and it is presumed that you know to feed each antenna with the appropriate feedline.  If not, we’ll discuss them later in the article.

The big difference between two approximately equal antennas of the same size and why one of them is much louder on the other end, or be the better receiving antenna, is usually a function of height above ground.  The higher the antenna above ground, the better it will be as a radiator – or as a receiver.  An antenna 50 feet above ground can always be expected to perform better than an antenna at 35 feet.  An antenna at 70 feet will outperform both of those antennas.  There is a height where you eventually run into the Law of Diminishing Returns, where you won’t see much improvement in performance.  In fact, if you get carried away and go TOO high, your coax or feedline losses can actually eat up any improvements in antenna height.  The usual best PRACTICAL height for any antenna, including wire antennas, is about 1 wavelength above the ground.  This is approximately 66-70 feet high on 20 meters, for example.  And, indeed, amateurs with crank-up towers have demonstrated that going from, say, 70 feet to 100 feet does not result in any discernable difference.  In fact, if you continue to go up to, say, 400 feet, you will probably see a decrease in antenna performance because you are losing anything you might have gained in the coaxial cable feedline running up the tower, unless you have invested in some extremely efficient – and extremely expensive – hardline coax..

Well, most of us don’t have 400 foot trees in our back yards, and most of us are going to be limited to whatever we happen to have available to us.  If we have a pair of trees in our back yards 40 feet in height, then that’s what we’ll use unless we wish to spend some money and put up tall towers.  But can an antenna perform well at 40 feet height?  You bet it can!  Thousands of hams prove that every day of the week.  How is this possible, you ask?  Because very few of us are working over paths where absolute perfection in performance is necessary.  Let’s say you are in a ragchew with several of your friends, and you are all putting in about S9 signals with each other.  But one of the other stations is putting in an S9 + 10 dB signal, and you are joined by another station putting in an S6 signal.  Does this mean that you can only copy the stronger station and not the “weaker” ones?  No, fortunately you can still hear your friends who are “only” putting in S9 or S6 signals, so the extra 10 dB doesn’t really add to reliability or readability.  It’s only when you are trying to work an extremely weak signal on the other side of the world where 10 dB can make a huge difference in whether you can be heard or not, or whether you can hear him or not.  This is usually of importance only to serious competitive DX chasers, but if you are one, you’ve already got a monster antenna on a monster tower, so you’re really not interested in simple wire antennas anyway…. are you?

So, now that we know that an antenna ½ wavelength long at a certain height will work pretty much as well as any other ½ wavelength antenna at the same height.  And we can then stop being swayed by misleading advertising where some manufacturer tells you that if you buy his XYZ antenna, you’ll get out 1 or 2 S-units better than any of his competitors.  You know the advertisers who do this.  They run all sorts of anecdotal reports giving testimonials from customers that by switching to the particular manufacturer’s brand of antenna, their signals are suddenly 3 S-units stronger than with their old antennas.  Well, guess what?  If his old antenna was a ½ wave design, and the new antenna is a ½ wave design, then the two antennas will perform almost exactly the same… PROVIDED both antennas are properly constructed and properly matched, and at the same height.  

Yes, it’s hard to believe, but the truth is, it’s hard to beat a simple dipole antenna.  So why did your old dipole work so poorly, while your $300 commercial ½ wavelength wire antenna seems to perform better?  The difference is not in the antenna design.  It’s in construction details.

First, antennas should be constructed of quality components.  Any copper antenna wire will perform as well as any other copper antenna wire, but one may stay up in an Illinois ice storm better than another.  For most ordinary wire antennas, we need look no further than 14 gauge copperweld (copper clad over steel) wire.  It’s strong enough for most practical purposes, and will last at least several years in our weather.  12 gauge, however, IS better and longer lived.  And 10 gauge is better still because it ‘s much stronger still, and will stand up better to ice and wind.  

Should wire be insulated or not?  Well, that’s a personal taste thing, but be aware that if you use plastic or rubber coated wire, it will seem to be electrically longer than bare copper wire.  Thus, a 40 meter dipole constructed of, say, 12 gauge plastic insulated house wire will end up being about 2 feet physically shorter (when trimmed to resonance) than will bare copper wire.  Also, the larger the gauge of wire, the slightly shorter it will need to be to resonate.  This explains why the standard formulas you see in antenna handbooks are approximations at best.  The ARRL handbook gives the formula for a ½ wave dipole as 468 divided by the frequency in megahertz.  But some older handbooks give formulas of 470 or 472 divided by the frequency in megahertz (or megacyles – same thing).  Why the difference?  Because the authors were assuming you were using one specific type of wire for your antenna, and didn’t take into account that variations in wire size or type of insulation – or no insulation at all – would skew the results.  

So, when you design a half-wave antenna, you really should cut your antenna slightly longer than the formula calls for, so you can take your SWR measurements, calculate where the TRUE resonance of the antenna lies (where the SWR is lowest), and then trim the ends accordingly.  I usually like to cut my dipoles about 2 feet too long on 40 meters, which gives me plenty of wire to trim.  (You can trim wire much more easily than adding wire.)  And once I have the antenna in the air, I can use my MFJ antenna analyzer to determine exactly where resonance is, and then reverse the formula to find the CORRECT length of this particular antenna at this particular location at this particular height, surround by these particular trees, etc.  

Since I know the formula where L = 468 / F, where L is the length in feet, and F is the frequency, then I can also solve my problem of knowing how much too long my antenna is by reverse calculation.  Say, for example, I wanted a dipole to resonate at 7.1 Mhz, but my antenna analyzer or SWR bridge show it’s actually resonant at 6.9 Mhz.  I simply solve the dipole formula for both frequencies, and then I know how much too long my antenna is.  

In this case, a dipole for 7.1 Mhz calculates out to be 65.9 feet (that’s in decimals, not feet and inches).  But a dipole resonant on 6.9 Mhz calculates out to be 67.8 feet in length.  So, with this particular example, the antenna “thinks” it’s 67.8 feet in length, but I really wanted and needed 65.9 feet.  Subtracting 67.8 – 65.9 = 1.9 feet.  And that’s how much too long my dipole is: 1.9 feet too long.  If I then trim about 11 inches off each end of the dipole, my resonant frequency SHOULD rise to be pretty close to 7.1 Mhz, where I wanted it.  And guess what?  It WILL be!  

After I’ve got my antenna the length it needs to be for MY location, I can then solder everything into place, and my antenna is ready to serve me.  And it will give a good accounting of itself, provided I do the rest of the job and make sure it’s fed with the correct feedline and erected as high as possible.  

In the next article, we’ll discuss feedline, and why you should use one type instead of another.

