Choosing the proper feedline for antennas

By Gary Huff, K9AUB

I’ve just constructed my new antenna, but I now have to decide how I will feed it.  So, what feedline should I use?  Well, the handbooks tell us that a ½ wavelength dipole will present an impedance of 72 ohms at the center.  But there’s an asterisk by that number.  Turns out it will be 72 ohms WHEN the dipole is in free space.  What does that mean?  Well, it means that the antenna should be positioned up in space a few thousand miles above the Earth.  And that’s a problem.  In all my experience as a ham radio operator, and I’ve been around awhile, I’ve never found a tower several thousand miles high.  That means that all practical antennas will be at something much closer to the ground.  

If we look at an impedance chart for dipoles at various heights above the ground, we can see that the ACTUAL impedance will probably be much closer to 50 ohms than 72 ohms.  So, that means we can feed our dipole with ordinary 50 or 52 ohm coaxial cable and get a pretty darned good match.  Will it be perfect, 1:1?  Maybe, maybe not.  If the dipole does NOT present an impedance of 50 or 52 ohms, then we will have a slight SWR at resonance.  And without some extra effort in matching the antenna, we probably can’t get that last little bit of SWR out of the feedline.  Does this really matter?  Well, actually, it probably doesn’t.  There are very few or no transmitters on the market today that can’t tune out an SWR of less than 2:1, and the signal loss of an SWR of less than 1.5:1 simply isn’t worth worrying about.  Your signal will radiate just fine with an antenna with an SWR of 2:1 or less.  You’ll never notice the difference, and it’s not worth worrying about.  

Does it matter what KIND of coaxial cable we feed our antennas with?  Oh, yes – it certainly does!  Few amateurs appreciate the loss of efficiency into an antenna when fed with less than excellent cable.  Say your feedline from the shack to the center of your dipole requires a 100 foot run of coax.  You can figure that you will lose some of your signal in the coax going up to the antenna, and you will lose some of your received signal strength coming back down when the antenna is used for receiving.  A good quality coaxial cable can make a big difference here.  The best commonly available – and affordable - cable is LMR-400 cable, which will have approximately 0.2 dB of loss of signal in the cable on 40 meters.  If you feed with RG-213, the signal loss will be pretty much the same, around 0.3 dB of signal loss.  If you switch to RG-8 Mini, or RG-8X cable, the loss starts to show up, but it’s still not too terrible.  100 feet of RG-8X in new condition will produce something around 1 dB of loss.  But if we try to “save a buck” and use RG-58/U, then the loss can become 3 or 4 dB.  And if the coax is 5 or 10 years old and something you found in  your friend’s junk box, the loss can skyrocket to as much as 9 or 10 dB!  How important is 3 dB of signal loss?  Well, on transmit it means we just lost ½ our power on the trip to the antenna!  So, if we were feeding 100 watts into the beginning of the feedline, then we only got 50 watts out to the antenna.  Where did that extra 50 watts go?  Heat.  The coax dissipated 50 watts of heat, and will actually become noticeably warm to the touch.  That’s 50 watts we paid for, but we didn’t get to put into the atmosphere.  If we used that tired old scrap of coax that our friend gave us, the 10 dB of loss can cost us 90% of our signal before it ever gets to the antenna.  Our 100 watt transmitter is suddenly radiating only 10 watts!  The losses would be the same on receive.  So, “bargain” coax is usually anything BUT a bargain!  Cheap coax can be very costly indeed!

Are there any other things we need to know about coaxial cable?  Oh, my, yes.  For example, not every brand is equal to every other brand.  Some manufacturers are famous for producing better cable than other manufacturers.  In general, Belden is the “gold standard,” i.e., they make the best cable.  But so does Times Microwave, which makes mission-critical cable for commercial users.  They make the LMR series of coaxial cable, and their LMR-400 cable is superior to anything made by anyone else.  Amphenol cable is also top-notch, particularly their RG-213 cable, which is MilSpec cable.  The rest of the manufacturers fall somewhere below Amphenol, Times and Belden, until we get down to manufacturers who make cables for the CB radio industry, where cable losses can be extraordinary.  Some cable sold in CB shops is actually made in China, and is very inferior in quality.  If you want all your signal going into your antenna and not warming the coax, stick with Times, Belden or Amphenol cable.  I have also found Cable Xperts cable to be excellent cable, and it tests out near the top of the pile.  So, if you want the BEST performance from your dipole (or any other antenna fed with 50 ohm cable), use LMR-400 or RG-213 cable, and you’ll get the best performance possible.  If you don’t care about efficiency and like wasting your signal as heat into the atmosphere, use cheap CB radio RG-58/U.  

If we are on a tight budget, are there any other types of feedline we can use than expensive coaxial cable.  Well, yes, fortunately, we can use 72 ohm twinlead… IF we can find it.  72 ohm twinlead used to be a standard item available to hams, but over the years it has become much harder to find.  But if we’re very short of cash, can’t find transmitting twinlead, and still want reasonable performance, it is fortunate for us that we can still use just about any twin-conductor wire and get a reasonable result.  For many years, hams on a budget have discovered that they can feed their dipole antennas with ordinary electrical zipcord.  It’s not a perfect 72 ohms, but it’s close and – surprise – it’s very efficient!  Just remember that ordinary zipcord is only good for a couple of years in the sun and weather, so expect to replace it after a couple of seasons.  Years ago, all ham transmitters could handle balanced twinlead as a feedline, but for the past 40 years or so, all transmitters provide only a coaxial fitting to the antenna.  So, expect to use an antenna tuner or 1:1 Balun at the transmitter to tune your antenna fed with 72 ohm twinlead, or lamp cord, etc.  Also, remember that while coax can be run through walls, underground, under water, etc., twinlead must be routed in the clear and not touching any objects.  

Let’s see… what else is in our dipole antenna?  Well, we have a center insulator, and end insulators.  The end insulators should always be the best you can find for the purpose because there is lots of RF voltage at the ends of half-wave antennas.  Ceramic or glass insulators are superior to white plastic insulators, and white plastic insulators are superior to black plastic insulators.  In fact, don’t even waste your time using black plastic insulators for your antennas.  The black in the plastic is frequently carbon, and carbon is a conductor.  So, you can actually discover that your insulator is actually not an insulator at all, but can conduct, particularly at RF frequencies.  This is also a reason why you should never use black plastic tuning wands when working around high voltage; some of the cheaper black plastic tuning wands can conduct enough electricity to give you a nasty jolt!  Grey plastic falls somewhere in between, and my personal recommendation is to avoid grey plastic insulators.  Some of them are good, but some of them are NOT good.  I have seen photographs of grey plastic insulators that actually melted from the heat generated by power being dissipated in them when used on the ends of antennas.  Since white plastic or ceramic insulators are easy to find, there’s no reason not to use them.  MFJ sells high quality ceramic insulators for very a reasonable price.  You can also frequently find them in the junk boxes of old-time hams who are getting rid of their “junk.”  I strongly recommend you acquire a small inventory of them for your antenna work.  

So, what about the center insulator?  Here’s where respected authors diverge.  Some recommend that you use a 1:1 balun for a center insulator, and others recommend you feed dipoles directly with coax or twinlead.  There are separate good arguments for doing either.

Antennas fed with baluns at the center tend not to radiate on the feedlines.  This radiation has some good things about it, and some bad.  The good reason we would want feedlines to radiate is that it helps to smooth out the nulls on dipole antennas and achieve more unidirectional radiation.  The reason we DON’T want feedline radiation is because it can cause interference with our neighbors’ televisions or electronic equipment.  (Ever try to get your signal out of a home intercom system before?  Good luck!)  So, we can either use a balun or not use one; there are logical reasons for doing either.  Baluns also simplify mechanical problems with centers of dipoles, and provide convenient terminal points for the antenna wire as well as a place to connect the coax.  And there are also commercial center insulators without baluns inside that provide a nice, weatherproof connection at the antenna center.  Twinlead eliminates the need for baluns or special center insulators; just solder the leads to each side of the antenna and you’re in business.

Whichever way you choose to feed your dipole, be sure your mechanical connections are extra strong because the entire structural integrity of the antenna depends on good joints, including those in the center.  If you don’t know the proper way to solder a coax fitting onto coax, you need to learn.  Be sure to use a large enough soldering iron or gun so you have plenty of heat for the job.  Personally, I love my old Weller 325 watt gun for this job.  It assures that the coax fitting will become hot enough for a good flow of solder, which gives both structural and electrical integrity to the joint.  But be careful not to apply TOO much solder or TOO much heat, because it is possible to short out the connector with excess solder, or to melt the dielectric and create short circuits.  Before coax is connected to the antenna or rig, test it for continuity and short circuits.  Inspect it for proper mechanical formation.  And, if you have an MFJ 259 antenna analyzer, test the coax cable loss figures while it’s completely disconnected.  A good coaxial cable will show no more than about 0.2 or 0.3 dB of loss at 30 Mhz per 100 feet.  If you get a higher reading, your coax is either not as new as it should be, or you’ve made a bad coaxial connector joint.  

Once you have your mechanical connections securely made on your antenna, solder all the joints (unless you use a Spiro balun that specifically recommends against solder joints).  Solder the wire where it wraps around itself on both ends and at the center.  If you had to splice any wire to achieve your desired length, solder those joints, too.  Well-soldered wire joints are important because as joints age, they can form slight resistances where they loop back on themselves, and that can create little diodes which can actually generate a low-level “hash” noise in your receiver on receive.  Loose joints are also undesirable mechanically, as they can create failure points in the antenna.  Solder alone should NEVER be depended on for a mechanical joint under strain, though.  Be sure the wire has wrapped back around itself at least 7 or 8 turns and THEN solder those wraps to ensure good electrical and mechanical strength.  

OK, you’ve constructed your antenna, and you’re ready to haul it up into the air, where you intend to burn a hole in the band.  How will you suspend this antenna?  The BEST method of suspension is probably black Dacron Polyester rope, in as large a size as possible.  Black Dacron resists deterioration in sunlight better than any other rope.  It also outlasts nylon or oiled hemp rope, by 3x longer or more.  Oiled hemp rope is only good for about one season, and then it needs to be changed.  Nylon can last a couple of years, but it deteriorates pretty quickly after that, and it stretches significantly.  Black Dacron rope is good for around 3 years, and often 5.  Whatever type of rope you use, be sure to lower your antenna and inspect the rope at least once a year.  If there is any fraying or frazzling of the rope, change it out right then before it fails catastrophically and drops your antenna on your house, your car, or possibly on your neighbor’s cat or kid.  

There’s another reason that rope should be completely lowered at least once a year.  Rope left in a tree for more than a year tends to cut into the tree, and that can cause the tree to actually grow around the rope.  This means that if you come back 2 or 3 years later to lower the antenna, you may be shocked to discover that you can’t budge the rope!  That’s right, the antenna is now a permanent fixture in the tree… or, at least the rope is.  Eventually the rope will probably break and crash the antenna down to the ground.  But that’s not how you want to lower an antenna because of the possible damage to property, as well as the destruction of the center balun and end insulators, which can rarely survive a sudden drop to the ground… or concrete!  

Once you have your dipole constructed and in place, give it a test.  If you’ve done your job properly, you’ll discover that you have a wire antenna that is going to perform about as well as any commercial half-wave wire antenna out there.  

In another article, I’ll discuss Windoms, Zepps, and several other variations of a ½ wave dipole.

