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Coming Soon !!!!!  

 
Four State QRP is very pleased to continue the availability of Dave Benson K1SWL's 

famous Freq-Mite frequency counter. Upon retirement, Dave graciously offered the kit 

to us to continue production. Along with his SW+ transceiver series, the Freq-Mite is one 

of his signature designs.  

 

The Freq-Mite provides audio frequency annunciation, and is intended to be installed as a 

frequency counter inside a rig. Thus providing an inexpensive alternative to an LCD 

display for small rigs. While a builder may balk at dedicating a costly frequency counter 

in an inexpensive or homebrew rig, this Morse counter alternative will be the perfect 

addition. It is inexpensive, small, and easily installed - a panel cutout is not required. The 

kit is complete - excluding an enclosure which is not included due to the intended 

application. 

 

Watch for the release and ordering availability on the 4SQRP Reflector and the website. 

 

 

 
 

 

Adjustment for the 

 Whiterock MK-44 Key 
By: Keith – KCØPP 
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I recently purchased the MK-44 paddles at the Peoria Hamfest.  I used them a few times 

but was not comfortable with the spacing.  If you have one of these keys you know that 

they are not adjustable. I came up with a modification that is simple to make that 

provides a way to adjust the spacing. 

 

The center ground post is made of a circuit board spacer.  It is round and threaded. Refer 

to Figure #1.  

I looked through one of my junk boxes and found a spacer that was hexagon, threaded 

and the same length.  Comparing it to the round spacer on the key it was obvious that the 

flat sides of the hexagon spacer were the same width as the round spacer.  But the points 

of the hexagon spacer were just a bit wider.  I thought if I replaced the round spacer with 

the hexagon spacer, I could turn the hexagon spacer enough to provide closer spacing of 

the contacts.  So let’s get to work. 

 

The bottom of the MK-44 is easily removed.  Under the spacer is a nut and ground 

terminal.  First remove the nut and ground.  The spacer will then come off.  Next remove 

the spacer from the screw; this may be tight so a good screw driver of the correct size is 

important so not to strip the head of the screw. Refer to Figure #2 below. 

 

Now install the screw into the hexagon spacer and tighten the screw.  Install the new 

spacer into the key base and re-install the ground terminal and nut.  Tighten the nut snug 

but don’t overdo it.  Connect the key to a keyer or rig.  Make sure your power output is 

turned down if you use a rig to make the test.  Try the paddles and by using a good pair of 

needle nose pliers you can turn the hexagon spacer. Refer to Figure #3. This will adjust 

the spacing to your comfort level. 

 

You may find that one contact is closer than the other.  Centering can be accomplished by 

firmly grabbing the end of the paddles at the Plexiglas insulator and slightly turning it 

one direction or the other.  Refer to Figure #4.  

 

These paddles are fun to use and very light weight.  Good for portable operation and 

casual contacts.  I prefer some of my other paddles for long operating sessions or for 

contesting.  Good luck with your modification. 

 

   
fig 1                                                   fig 2 
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fig 3                                              fig 4 

 
 

 
 

 
 

 

 

 

 
hamhijinks.com 

 

 

  Hams Awed By Majesty of 80 Meter Nativity Net... 
 

 

By WBØRUR, on the scene 

ORANGE PLAINS, Kansas — Amateur radio operators listening in on 3.875 MHz last night may 

have been surprised at what they heard crackling through the airwaves as hams across the 

country recently celebrated the yuletide season. 

For weeks, Robert Von Werther and members of the Sunflower State Amateur Radio Club have 

been planning a “Nativity Scene Net” on 80 meters as part of their Christmas holiday 

observances. 
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“One year, we sent QSL cards from Christmas City, Kansas,” says the 58-year-old beet farmer. 

“Another year, we activated a special event aboard a Christmas parade float. But we really 

knocked it out of the park with this live nativity net.” 

Enlisting the help of ham operators across the United States, amateurs were assigned various 

“roles;” each required to send specific transmissions “to tell the nativity story” as recounted in 

the New Testament Gospel of Luke. 

“It was heartwarming,” says Von Werther. “I cranked up my vintage Hammerlund HXL-1 and 

blasted over 1500 watts PEP of Baby Jesus across the ionosphere.” 

Participants recited their designated lines, but ended each transmission with a callsign to keep 

the net “legal.” 

But not all went as planned. 

Ham operator Gregory Boatwright in Salisbury, Pennsylvania says he was listening into the 

“nativity net” as the ham portraying The Angel Gabriel concluded his monologue to the 

shepherds…and finished his transmission with a series of off-color comments when his PTT stuck 

open. 

Worse, one ham says he received an FCC citation. 

“I got a pink warning slip in the mail from an Official Observer,” says Winston Northridge of rural 

Manchester, Utah. “I had to call the OO on the phone and explain that the word “a$$” referred to 

a donkey-like animal and was mentioned in the Bible.” 

Von Werther says his club is now working on an 80 meter “Passion Play” for the Easter season. 

### hamhijinks.com 

 

 

 
 

 

OHM’s LAW AND THE COLOR CODE 
By Phil Anderson, WØXI 

 

Most electronic equipment consists of a power supply or battery, transistors or ICs, 

connectors, a case, and three types of passive components called resistors, capacitors, and 

coils (inductors). This note covers the basics about the resistor.  
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George Ohm wrote a paper in 1826 describing the relationship between the voltage 

applied across a resistor and the resulting current flowing through it. In honor of his early 

works, we call this relationship Ohm’s Law. The law can be expressed as a ratio as 

follows,  

 R, where V is the voltage in volts, I the current in amperes, and R is the resistance in ohms.
V

I
=

 

For most resistors, R is a constant. The value of R depends upon the resistivity of the 

material used and its size and shape.  

Resistors that you can purchase from a retail 

outlet, such as Mouser on line, vary in size. A 

common physical size is the ¼-watt carbon 

film resistor noted in the drawing. 

Manufacturers make resistors in a range of 

standard values, using two digits and a 

multiplier and these are represented by three 

color bands printed on the resistor as noted in 

the drawing.   

 

For example, a 100 ohm resistor is represented 

by brown (1) and black (0) color bands plus a 

multiplier of brown (10). We interpret this 

brown-black-brown color code as 10 times 10 

or 100 ohms. The full range of color codes and 

multipliers are is shown in the table.  

Now let’s check out the color code for a much 

larger resistor, say 220k ohms. What’s k stand 

for? It’s an abbreviation for 1000 and is used to 

avoid writing a bunch of zeroes. For example, 

220k is the same as writing 220,000 but we 

avoid writing all those zeroes. This is common 

practice for experienced hobbyists and techs. 

Now let’s map out the color code. We need 

RED for the first 2, RED for the second 2 and 

YELLOW for the four zeroes needed (note that 

0 and k is the same thing as 4 zeroes and 

therefore pick yellow).  

An Application 

Now that you know how the resistors are color coded, 

let’s attach a resistor to a 1.5 volt battery and use Ohm’s 

Law to determine how much current and power the 

resistor will demand.   

When the battery voltage is applied to a resistor, a current 

flows through the resistor and back to the ground lead of 

the battery. Rearranging the equation for Ohm’s Law 
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introduced at the beginning, we can solve for the current heating up the resistor. 

 

 
  

              

 rearranged is

1.5 1.5I = 0.00015 amperes = 0.15 ma.
10 10,000

V R
I

V
R k

=

= = =

  

10k represents 10,000 ohms since k represents 1,000 ohms so the current is 0.00015 

amperes. Circuit designers prefer to work with numbers that have fewer zeroes so convert 

the amperes to milli-amperes, abbreviated as ma.                      

The power consumed in a resistor is obtained by multiplying the voltage across it by the 

current through it or by squaring the current and multiplying it by the resistance. The 

former is easier in this example. So, multiplying 0.15 ma times 1.5 volts gives us the 

power consumed in the resistor of 0.225 milli-watts or roughly a ¼ mW!  

 

 

 
 

 
Four State QRP Group 

is now meeting at the Country Cupboard  

Restaurant in downtown Seneca, Mo. 

 

 
The Country Cupboard has a nice menu and they  

have a separate meeting room we can use. 

The Country Cupboard restaurant is located in the first block north of the blinker light in downtown 

Seneca.  From Barney's, head north on Cherokee Street (that's the main street of town).  Go across the 

railroad tracks and keep going past the blinker light stop. 

The restaurant is located at 1038 Cherokee street, on the west side of the street.   

 

Caution:  If you are headed north, do not make a left "J turn" into a parking spot.  "J turns" are illegal in the 

downtown area.   Keep going north past the restaurant till you reach the residential area north of downtown 

where a "U turn" is permitted.  Make a U turn there (it's a wide street) and come back to the parking in 

front of the restaurant. 

Our group is an informal organization with no officers, no rules, no dues or any other things to get in the 

way of having fun with QRP. We get-together monthly for lunch and the sharing of ideas and 
information, parts swapping and just plain fun on our normal third Saturday of a month. 

All ham radio amateurs (or prospective hams) are invited to participate. 
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Inductor Q Measurements - Wet Coils and More 

By: Daniel S. Zimmerman – N3OX 

Introduction 

When I built the Flex Vertical and tested it, it was clear it had good efficiency. In the 

end, it was just a bit worse than 1dB down from a 1/4λ vertical. If I were only interested 

in using it, that would be the end of the story. In fact, if I were only interested in using it, 

I would have been done with the story after I worked V55V the first night I fired it up. 

But a lot of the project was just to try to sort out some ideas about short verticals. One 

part of the testing in particular left me with a question I needed to answer. I sprayed the 

antenna down with water to check for detuning, etc. and lost 4dB of signal in my field 

strength tests. I measured the base resistance at resonance without the shunt coil during 

this test and found it had gone from about 6 ohms to about 12 ohms! 

     

The loading coil (left) and the "simulated rain" test that cost 4dB (center), and the practical juice-based solution (right). 

I guessed that the inductor was at fault and checked that first. I blew the water off it with 

compressed air and the antenna's base resistance and field strength immediately came 

back very close to the dry values, and a little bit later (after some evaporation, I guess) 

they came completely back. The easy practical solution was to build the coil cover 

pictured above. But I was a little surprised the size of the water's effect and wanted to 

investigate it a little more on the bench to see the effect of water on coil Q. I dabbled 

around with Q measurements a little bit, including trying a scattering setup like that used 

in the coil self-resonance tests done by G3YNH (PDF Link). But I didn't really get going 

on the project until I read the article by VE2AZX in the January/February issue of QEX. 

Jacques outlined a number of methods for measuring the Q and series resistance of 

inductors, one of which struck me as particularly simple and suitable for taking a lot of 

data relatively quickly. The idea is straightforward. You try to short out the signal passing 
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through a 50Ω (or other known characteristic impedance) system using a series resonant 

circuit made of the coil under test and a high Q capacitor. 

Experimental Setup 

A series resonant circuit "shorting out" the signal is the idea behind a simple "wave trap" 

or notch filter that is very useful to solve interference problems from a single strong local 

station. In fact, I have one sitting here in the shack that I built to help cut out interference 

from a CBer neighbor. But the cool thing about the wave trap circuit that we'll use to 

measure Q is that the ultimate attenuation you can achieve at wave trap resonance 

is directly related to the small resistance of the real-world LC circuit. A perfect lossless 

LC circuit would be a dead short at resonance and would give infinite attenuation. A real 

LC circuit has a small resistance, labeled R in the diagram below. The generator below is 

terminated in its characteristic impedance Z0, here 50Ω, and the voltage across the 

termination is measured. This voltage we'll call Vu. Then the LCR circuit is connected as 

shown below and tuned for minimum indication on the voltmeter. This will happen at 

resonance, so let's call this voltage Vr. The lower R is, the smaller Vr will be. 

 

The circuit for measuring the series resistance of a coil and calculating the Q. Vu is 

Vout with the series LCR disconnected, Vr is Vout at resonance. 

The resistance R can be calculated. When you measure the unloaded/unconnected voltage 

Vu, the voltage appearing across the termination is half the generator voltage. You are 

measuring the generator voltage through a voltage divider made up of two equal resistors 

of resistance Z0. When you attach and resonate the LCR circuit, you form a different 

voltage divider where you're measuring across the parallel combination of Z0 and R. The 

formula for R in the figure can be derived from the ratio of the two voltages. If you want 
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to see where the formulas come from, here's the full derivation where I "show all my 

work" to make it easy to follow along: coil_ESR.pdf. If you know the inductance L, you 

can calculate the Q using the formula above, which is just Q = XL/R. 

If you don't know the inductance, you can measure it with an antenna analyzer. In some 

circumstances it's better to measure the capacitor you needed to resonate it. For coils that 

are too large to measure, a calculator like ON4AA's inductance calculator can be 

useful. It's important to be a little careful with big coils that you're not running them near 

self resonance, but one nice thing about this method is that it's a bit agnostic about coil 

self-capacitance. You can take the coil as you use it in your antenna, lash it up in this sort 

of test, and measure the resistance you're inserting in your antenna (minus a little bit for 

the capacitor, but a capacitor can be extremely high Q compared to a coil). The resistance 

is really what you care about with "high Q coils," the resistance you're inserting when 

you install your actual coil, whether or not its self-capacitance is making any difference 

to its Q. 

OK, so we have a way to measure the equivalent series resistance (ESR) of a coil as long 

as we can measure some RF voltages. How do we actually do that in practice? VE2AZX 

in his article makes the point that you need to use a frequency selective voltmeter to do 

this because your signal generator could have harmonics that you do not attenuate at all 

with this method. Plus, depending on the output of your available signal generator and 

your voltage measuring tools, you might find that the voltage Vr at resonance is so small 

it's hard to measure reliably with simple equipment. Luckily, most of us already have a 

pretty nice frequency selective amplifier and frequency downconverter. I decided to use 

basically the same setup I used to measure field strength to measure the attenuation of my 

wave trap, using my rig with the AGC off and DMM as a nice linear, selective RF 

voltmeter to measure relative RF voltages.  

 

The actual voltage measuring implementation using a signal generator, some attenuators, my rig, and a DMM. 
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My signal generator is an inexpensive USB controlled unit from Softmark based around 

an Analog Devices AD9850 DDS chip. It only puts out about -11dBm into 50Ω at full 

output. This is significantly more than enough for many "receiver level" tasks; it's about 

63mV, which is something like S9+62dB if you believe the 50µV "standard" for S9. But 

it's certainly not enough to do direct voltage measurements. In these experiments, the 

signal could be attenuated down to as little as 400µV. But that's still a very loud signal as 

received by a HF receiver. As such, there needs to be a good bit of attenuation in the 

system, but this is useful to make sure the source and load impedances are 50Ω. It's never 

a good idea to assume that your receiver is 50Ω input impedance, so an attenuator on the 

RX input is a good idea. I used a small Tektronix scope attenuator I have for that. It's 

good to put an attenuator after your signal source as well. A good lab source with 50Ω 

output impedance will act exactly like its Thevenin equivalent, but other available signal 

sources like an antenna analyzer, a homebrew crystal oscillator, or a clock oscillator chip 

may not. I used a 50Ω step attenuator on the output of the signal generator to knock the 

signal down about 40dB, which also neatly assures that the signal generator is always 

working into 50 ohms. 

A step attenuator in the signal chain isn't strictly necessary, but it's a nice feature to check 

the linearity of the radio/voltmeter system. To measure high Q coils you need a pretty big 

linear range: in some of these tests the attenuation was as much as 40dB. Clicking the 

step attenuator through 10dB steps to increase the attenuation with the LCR disconnected 

allows you to make sure your voltmeter readings are tracking correctly with the 

attenuation. If you can't do this step, listen to the signal coming from your radio very 

carefully and adjust everything so that you can't detect even a bit of audible distortion 

when the LCR setup is disconnected. The good news, I suppose, is that if you don't 

achieve the BEST dynamic range you will UNDERESTIMATE the coil Q, which is 

much less dangerous to your eventual transmitted signal than thinking your coil is less 

lossy than it really is. In order to reduce errors from capacitor ESR, I used a Jennings 

20pF-2000pF vacuum variable I had to do these tests. This was also nice because the 

capacitor can be used to resonate the inductor over a wide range of frequencies. A picture 

of the actual LC test jig is shown below. 

 The Flex Vertical coil, including Powerpole 
connection, resonated with a Jennings CVCA-2000-3S vacuum variable.  

Coil is 16t 10AWG (2.5mm) bare copper wire on a 3.5 inch (89mm) form, 0.25 inch (6.35mm) pitch. For the 
"wet" tests it is tapped at 10 turns. 
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The bottom end of the inductor is connected to the center conductor of a BNC that's 

installed in the ground plate. The top end is connected to the top of the capacitor through 

the actual Anderson Powerpole tap scheme I use on the real antenna. The bottom of the 

capacitor is grounded to the plate which helps minimize hand capacity effects. To further 

reduce the effects of surrounding objects (without a big copper box) the whole LC circuit 

is mounted on a stand that puts it above head level when I'm sitting down and a long 

fiberglass shaft is used to turn the tuning shaft. I can measure the effect of my hand a foot 

away from the top of the coil at resonance, so it's important to be careful to keep the coil 

away from stuff. 

Wet Coil Data 

Now on to the results. We'll start with the main point of this article, which is the presence 

of water. I wanted a way to bring water near the inductors in a very stable way that 

wouldn't change as I did the measurements. I also kind of wanted to sort out the effects of 

the presence of a lossy dielectric from the effects of an actual conduction path. So I 

decided to start by putting ziploc bags of water near and on the coil. The polyethylene 

bags should be good insulators, preventing conduction, but allowing the lossy dielectric 

effects of the water to show through. Here are photos of the two water bag 

configurations, just hanging halfway up the "active" part of the coil on the left, and 

tightly bound to the coil by some elastic cord on the right: 

   

"Water bag 1" setup (left) and "Water bag 2" setup (right). Not pictured is the "naturally wet" setup, which I made spot 

measurements of. 

In both cases it's the same bag with exactly the same amount of water, just in more intimate contact with 

and distributed differently on the coil in Case 2. These aren't very natural situations, so I also did a 

measurement of a "naturally wet" coil where I just sprinkled the coil directly with water. More on that in a 
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bit. Here's the data for the two water bag cases. First we have the calculated Q assuming a fixed equivalent 

inductance of 7.5µH. 

 

Coil Q calculated for the dry coil and for the "Water Bag 1" and "Water Bag 2" cases above. 

A fixed 7.5µH inductance does not seem to be quite right for the 40m band. There's some kind of important 

self-capacitance effect even in the dry case. I don't have a good model for this, and ON4AA's calculator 

gives no help there: it's possible that it has something to do with the PVC coil form increasing the self-

capacitance. But that's not really the point of this plot. What is really striking is the drastic reduction in Q 

brought about by just putting a little ziploc bag of water near or on the coil. The "water bag 1" case is 

probably noticable but usable. The "water bag 2" case is a disaster. It is perhaps not the best to look at the Q 

here, because it has some important assumptions. It doesn't take into account the shift in reactance the coil 

will have in the presence of a high dielectric constant material like water. There was a small tuning change 

and I didn't take the time to measure that. A less complicated way of looking at it is to just look at the 

calculated equivalent series resistance: 

 

The equivalent series resistance R calculated for the dry coil and for the "Water Bag 1" and "Water Bag 2" cases above. 
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This actually puts things in kind of an important perspective. Very often a couple groups of hams will have 

an argument where one observed or measured something on the bench but the other never noticed any bad 

effect with an actual antenna on the air. I can imagine that happening with this data. If you look at the 

difference between the "Dry" and "Water Bag 1" Q, there is an extremely large effect in the sense that the 

Q drops to something as low as 60% to 70% of its dry value across the whole 2-11MHz range. If you're 

shooting for ultimate coil Q without the perspective of how it affects an antenna, the "Water Bag 1" test 

shows a large negative effect. But in terms of the resistance you insert in the antenna, "Water Bag 1" barely 

shows up on the graph, and even at the worst, it doesn't insert much more than about 2.5 ohms into the 

antenna. If this was a coil for a half size 40m beam or something with a few tens of ohms radiation 

resistance, the de-Qing provided by "Water Bag 1" equivalent wetness would probably go nearly un-

noticed! It might not even appreciably raise the SWR! 

Even the real-world equivalent of "Water Bag 2" adding perhaps 10 ohms of loss resistance to each coil on 

40m might cause a hard-to-notice effect in on air performance. If you had a rotatable dipole with 25 ohm 

feed impedance loaded with these coils and matched with a 2:1 balun, the de-Qing provided by something 

like "Water Bag 2" would add 20 ohms, raising the SWR to 1.8:1 and causing a bit over 2.5dB loss. That's 

substantial but still a bit difficult to notice and probably well within the realm of "normal" behavior for a 

wet shortened beam! If these "wet coils" are in a modestly loaded beam that still has a few tens of ohms of 

radiation resistance, you just load up the amp into the new impedance and get on with making contacts! A 

coil Q of 30 is really pretty bad, but there are many antennas where you simply won't actually notice that 

kind of loss without really looking for it. I think we need to have more discussions about this, because an 

effect that horrifies the bench experimenter (dropping from Q=500 to Q=30) might not really be noticed by 

an antenna user. This is the kind of thing that easily leads to conflict, endless arguments, and mistrust of 

theory. Worring solely about coil losses without putting even "horrifying" losses in perspective for an 

actual antenna may lead antenna users to assume you're full of it when you tell them the rain is ruining their 

painstakingly wound high Q coils. 

The lower the radiation resistance, the more important the effect is. The predicted radiation resistance over 

perfect ground for my antenna is about 5 ohms. If you add 5 or 10 ohms of loss resistance to an antenna 
with a 5 ohm radiation resistance (okay, especially while you're actually measuring the field strength), you 

notice! It's certainly worth having a coil cover on my antenna. 

"Naturally" Wet Coil 

I mentioned above that I tried a "naturally wet" configuration where the coil was sprinkled with water. I 

only tried it on 7MHz because I had to work fast while the water dripped off. I got Q=100 for the wettest I 

could get the inductor naturally, a bit over 3 ohms loss resistance. In my "simulated rain" test on the 

finished antenna, the measured field strength reduction and base impedance increase were more consistent 

with the "Water Bag 2" test, more like Q=30 or Q=50 or something. One possible explanation is that the 

bench test jig tilts the coil a little bit. I had a very hard time keeping water all over the coil. It all ran off to 

the low side of the windings and dripped directly off there. In the antenna test there was water sitting on top 

of all the turns and more slowly draining down the helix. At any rate, the fact that I couldn't get quite to 6Ω 

loss resistance in a "naturally wet" test in the shack probably doesn't rule out 6Ω extra resistance for the 

thorough soaking and slow drainage I saw outside. I think it's plausible that the feed impedance increase I 

measured was due to the water spoiling the inductor Q tremendously. 

Other Coil Data 

Since I had this all set up I've been measuring other coils, partially to check if I'm getting sensible answers 

and to assess different construction techniques. Below I've collected a variety of coils I've measured, and I 

will continue to add them as I measure them. I think it is useful to have a photo gallery of a variety of coils 

with decent Q. 
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Two more coils, on the left a 3µH silver plated tubing coil with Q=1020 at 7MHz. On the right, a 38µH coil with 

Q=610 at 1.8MHz and Q=670 at 3.5MHz 

I took the nicest coil I have, the big silver plated one above left, and checked it out. I found that it was quite 

high Q, more than 1000 at 7MHz, provided the bolts are done up tight! I also used this coil as part of a 

verification of the measurement technique where I added small value resistors of 1/3Ω, 1/2Ω and 1Ω in 

series with this coil. I put them in series with the coil because any kind of adapters used to connect my 

BNC tee directly to a small resistor add enough reactance to upset the results for such small resistances. 

The ability to look for the zero-reactance null is really important to this technique, so it was easier to just 

stick the resistors in series to spoil the Q of the super high Q coil. The indicated resistances from the signal 

level calculations were good to 10% of the added resistances, which were also measured using a relatively 

high current measurement at DC. 

The coil above right is a chunk of my 160m loading coil that started as a huge piece of coil stock as seen on 

my sixty foot vertical. I had to cut the coil down to fit the new matching enclosure when I made my 

new stepper driven switch and this coil is the chunk I cut off. It's wound on a chunk of gray PVC conduit 

that I grooved with a lathe. From time to time I've been vaguely concerned becuase the grooves are quite 

deep and it's not good for Q to put dielectric "between the turns." Plus I originally worried about PVC as a 

form for a large high Q coil. I can't test against the air-wound version without a lot of work, but the Q is a 

very respectable 610 on Topband and 670 on 80m, so it's not too much to worry about. 
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Yet more. On the left, the entire coil from the Flex, 14µH. On the right the coil out of a James Millen matchbox, 

13.µH, Q=930 at 5MHz, Q=700 at 7MHz. 

 

The coil on the right above is a big 8AWG tinned wire inductor out of an old James 

Millen matchbox estimated at 13µH. The Q is excellent, Q=930 at 5.5MHz and Q = 700 

at 7MHz. I also measured the entire untapped coil from the Flex as one of the first set of 

tests I did and compared to the prediction of Q from ON4AA's inductor calculator. 

 

 

Q data for the entire (not tapped) 14µH Flex Vertical coil compared to ON4AA's calculator prediction 

 

The prediction and measurment seem to be heading toward agreement at the low end of 

the plot, but they disagree badly everywhere else. It might be that this is due to the PVC 

form or due to some other effect that's not being accounted for in the coil models used in 

Serge's calculator. There's some possibility that it has something to do with common 

mode currents on my unshielded test setup but that is unclear at this point. More work 

needs to be done to understand this particular measurement. 
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A couple more. On the left, a self supporting 4.5µH coil, 14 turns 12AWG (2mm), 2 inch (50mm) diameter, 3.5 inches 

(89mm) long. Q = 570 on 40m and 400 on 20m.  

On the right the coil of large (8AWG/3.3mm) enameled wire in my CB wave trap which has a Q approaching 1000 on 

10m and 15m. 

 

For many loading and matching tasks, ordinary house wire is stiff enough to make a self-supporting coil. 

This is my favorite kind because it requires almost no preparation; just a form of some sort for the initial 

winding. I use one of those military surplus fiberglass "mast" sections to wind a lot of the self-supporting 

coils I make. The coil on the left above is one such coil. It's about 4.5µH and the dimensions are given in 

the caption. It has a Q of 570 at 7.1MHz and Q of 400 at 14MHz. When I get some more time I will make a 

Q vs. frequency graph for this coil. 

 

I mentioned further up the page that I built a CB wave trap to help with some interference from a close 

neighbor. A picture of the interior of that device is on the left. This is a situation where Q is really quite 

critical, as it translates directly into dB attenuation. I measured the attenuation of this notch filter and the 

total ESR is about 0.6Ω on 15m and 0.8Ω on 10m, good for about 30dB on 10m and 32dB on 15m. This 

implies a coil Q of at least 1000 for the 8AWG (3mm) enameled wire coil pictured above left, even when it 

is enclosed in its shield. I suspect that the wiper of the small air variable contributes a little but perhaps not 

enough compared to the coil to cause too much of a difference. 

 
RF Resistance of Braid 

This last section is not exactly about coil Q but since it's using the same setup and is loss-related I figured 

I'd put it here. I've heard many times that braided conductor has a measurably higher RF resistance than 

smooth flat conductor of the same overall dimensions. Well I came across a piece of the nicest braid I'd 

ever seen and decided to put this to the test. This braid is beautifully terminated by clamping and soldering 

in two large smooth lugs and is still very shiny. I thought at first that it was silver plated but on closer 

inspection I think it's just bright tin. Still it's in beautiful condition and terminated very well, so it's sort of a 

best-case scenario for a braided conductor. The braid is about 1.5 inches (38mm) wide and 20 inches 

(51cm) long and about 1/16 inch (1.6mm) thick when squeezed between calipers. 
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Extremely nice plated braid vs. copper strap. At 14MHz, the pictured braid has 60mΩ ESR, the narrower, thinner strap 

has just 35mΩ 

I compared the braid to a plain copper strap the same length but quite a bit narrower and considerably 

thinner, pictured above left. The strap is 1 inch (25mm) wide and 0.008" (0.2mm) thick and cut to be the 

same length as the braid. I tested both the braid and the strap in the geometry shown above left, resonating 

it with the vacuum variable at 14MHz. The smooth solid strap was a clear winner even though it is 

narrower, thinner, and considerably lighter weight (about 7 times lighter than the braid assembly, but those 

lugs are pretty heavy). I measured 35 milliohms RF resistance for the strap and 60 milliohms RF resistance 

for the braid. That doesn't sound like much in either case, and in many applications it wouldn't be. But if 

you used the braid instead of strap to connect a capacitor in a magloop or if you used it as a lightning 

ground conductor, the difference could be quite important. As the braid gets weathered and is no longer 

perfect and shiny like it is here, I would expect a significant increase in the RF resistance based on what 

I've read. 

This test also establishes an upper bound on the resistance added to the circuit by the capacitor, the bolted 

connections, the aluminum ground plate and the BNC connection to the feedline. The resistance of the test 

jig must be less than 35mΩ and it would only be that high if the copper strap were lossless. I get about 

57dB of attenuation out of the smooth strap shorting setup. It's so much that I have to strengthen the signal 

from the generator by 10dB (by reducing the step attenuator attenuation an extra click) to get a reasonable 

reading on the voltmeter at resonance. With the exception of coils like the large diameter silver plated 

tubing one, I was measuring at least several tenths of an ohm and as much as a couple ohms RF resistance 

and it seems reasonable to basically ascribe that all to the coil under test. 

 

 

  Dan - KB6NU's Column 

Protect your gear from ESD 
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Electrostatic discharge, or ESD for short, has been a concern for anyone involved in electronics 
ever since we made the transition from vacuum tubes to transistors. I was schooled about ESD 
when I worked as a test engineer for a company called Doric Scientific shortly after I got out of 

engineering school, and I wrote about it when I was an editor for Test&Measurment World 
magazine back in the 1990s. If anything, it's even more of a concern today as electronic 

components get ever smaller. 
 

In 1991, Bryan P. Bergeron, NU1N, published a two-part series on ESD (part 
1: http://www.arrl.org/files/file/Technology/tis/info/pdf/9104019.pdf, part 

2: http://www.arrl.org/files/file/Technology/tis/info/pdf/9105028.pdf) in QST. His suggestions about 
how to prevent ESD damage are as good now as they were 20 years ago: 

 
  - Consider using a room humidifier to increase the relative humidity in your shack, or wherever 

you work on electronic equipment to 65% RH or higher. 
  - Use grounded wrist straps when handling ESD-sensitive devices. 

  - Use grounded, anti-ESD work mats when working on electronic equipment. 
  - Use a grounded soldering iron and anti-static tools. 

  - Use anti-static bags and containers for storing and transporting electronic equipment. 
  - Connect the chassis of all your gear to a good earth ground. 

  - Consider purchasing a desktop ionizer to neutralize static buildup on your workbench. 
 

I might also add consider grounding the chairs that you use in your shack or discharging yourself 
after getting up from the chair in your shack. I know that the worst electrostatic discharges that I 
experience  are after I get up from my chair. You can even buy ESD-safe chairs (http://www.all-
spec.com/products/Benches_and_Chairs%7CChairs_and_Accessories%7CCHR-00/), but they 

are kind of expensive. 
 

Personally, I use an anti-static mat that I originally purchased for use with a computer keyboard 
and a wrist strap that was given to me by an ESD consultant when I worked for the magazine. I 

use these religiously when building kits or working on any solid-state gear. 
 

It's not hard to find anti-static products. RadioShack sells a wrist strap for only $1.23 
(http://www.radioshack.com/product/index.jsp?productId=2103245)! You can find a whole range 

of anti-static products on Amazon, too. Wherever you get them, they're a good investment. 
 

=================================================== 
 

When he's not worrying about ESD, Dan, KB6NU enjoys teaching amateur radio classes and 
working CW on the HF bands. For more information about his operating activities and his "No-

Nonsense" series of amateur radio license study guides, go to KB6NU.Com or e-
mail cwgeek@kb6nu.com. 
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The Four State QRP Comfortable nets meet each Wednesday night beginning at 7:30 PM CDT, 
0030z. 

 
Note: on Nov 6 we'll be on CST. 

 
If we have to QSY, I like to move up, Wayne likes to move down, and Dick doesn't have to move 

much at all. 
 

Add anything to the exchange that you wish, temp rig, ant, etc. Checking into all sessions is 
encouraged. 

 
7:30 CDT 0030z ... 40M CW Net on 7122, KCØPMH NCS 
8:00 CDT 0100z ... 80M CW Net on 3564, WAØITP NCS. 
8:30 CDT 0130z ... 40M CW Net on 7122, KCØPMH NCS 

9:00 CDT 0200z ... 80M PSK Net on 3580.5, NØTGR  
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Thursday mornings ~ 8 to 8:30am 

A gathering of CW ops are having fun on 

7.122 MHz 

....and you are invited! 


