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Introduction

The FVR Spitfire, created by W1FV and K1VR (hence, FVR) is found at http://www.yccc.org/Articles/Spitfire/spitfire.htm
Dimensions in feet (not meters) for all three low bands, 160, 80 and 40, are found at 

http://www.yccc.org/Articles/Spitfire/Spitfire%20Dimensions%20(other%20bands).JPG 


The antenna uses an existing gamma-rod fed tower with radials, and half-wave folded verticals as parasitic reflectors/directors. It has less gain than a 4-Square, but costs less, and uses a lot less real estate.

RESONANT FREQUENCIES
*
You wrote that on 160m the Reflector should be tuned to 1.90 MHz and the Director to 2.0 MHz .... Why?


I know the numbers quoted in the article sound strange but they are correct.  It was a surprise to me, too, but I think the reason is because it compensates for the fact that the parasitic elements are sloping and not parallel to the driven element.  In developing this design, the tuning of the parasitic elements was done entirely by trial and error and not by any preconceived formula.  Also, keep in mind that the way I measure resonance of an element (via EZNEC) is to insert a current source in the element and sweep the source frequency until the feedpoint impedance of the element shows zero reactance.  The other elements are removed (easy to do in the computer model) when I do this.

*
Tell me again why you picked 1.9 and 2.0 MHz for the resonant frequencies of the director and reflector respectively?


That's what I determined by trial and error from computer modeling. 

*
Do you have to accurately figure out the resonant frequency of your tower with all the antennas, or can you just measure it?


The resonant frequency of the tower doesn't really matter, as long as you can load it.  Only the resonant frequencies of the wings matter.

OTHER BANDS

*
Do you have any dimensions done for 80m and 40m?


The 80 and 40 meter dimensions can be scaled directly from 160 by the ratio of the frequencies.  We have not yet worked out complete information (although we do plan to do this for an upcoming magazine article), so I don't have precise dimensions to give you yet.  However, this question has been asked before, and the response I had given for an 80 meter design is as follows:


Here is what I calculate for reflector and director resonances to operate in the 80 meter band.  I have two designs--one for CW, centered on 3.50 MHz and the other for SSB, centered on 3.75 MHz.

Reflector resonance = 3.60 MHz (CW), 3.85 MHz (SSB)

Director resonance = 3.78 MHz (CW), 4.04 MHz (SSB)


I have scaled the dimensions of our 160 meter design, so the driven element is assumed to be 20.7 m tall. The vertical segment, which drops down parallel to the driven element from the top, is spaced .5 m from the driven element and this segment is approximately 4.6 m long.  The lower corner of each parasitic element should be brought out a distance of 21.4 m (1/4 wavelength at 3.5 MHz) from the base of the driven element.  Note that the best F/B is obtained only when this distance from the driven element is exactly 1/4 wavelength, so the spacing of 21.4 m is optimum only for CW. The resonance of each element will be determined by the length of the horizontal segment which is parallel to the ground and which is at a height of 1.6 m above ground.   The total length of the director segment should be roughly 6 m and the length of the director + reflector segments will be about 8 m.  However, you should use the MFJ-259 to feed each parasitic element from the corner and adjust the horizontal segment lengths to achieve the exact resonant frequencies given above.  As we described in our presentation, when you tune up each parasitic element, you must prevent the other elements from interacting and corrupting the measurement.  Therefore, you should open circuit the driven element from ground and remove the other parasitic elements completely by temporarily lowering them.  All the wire dimensions are based on bare wire.  Insulated wire has a slightly lower velocity factor and will result in shorter lengths.


Note that, for safety reasons you probably want the horizontal legs to remain about 10 feet above ground.  For this reason you may not wish to scale directly from 160m.


Late news (December 2001):  W1FV has worked out scaled dimensions, keeping the horizontal legs about 10 feet above ground.  They appear as a new JPG file on the YCCC URL. http://www.yccc.org/Articles/Spitfire/Spitfire%20Dimensions%20(other%20bands).JPG. The reason for the proportionality difference in dimensions for the different bands (they do not scale directly) is that I kept bottom of the parasitic elements at 10 feet above ground.  This is purely for practicality and safety. If the height of the wires paralleling the ground was also scaled by frequency, then on 80 and 40 these wires would be so low that they would present a hazard.

*
Could I make a two band version?


Regarding 2-band operation with a common driven element:  I have thought about this before, and I believe it should be possible to do, with 2 sets of wires--one for each band and one "enclosing" the other.  However, I would like to model this first on the computer before I can say for sure.  I do have some concern about whether there would be any unwanted coupling interactions between the multi-frequency elements.  On the other hand, interlaced elements on multi-band Yagi's is common practice, so perhaps this won't be a big issue.

PARTS

*
I know mine will be different, but what did your Parts List look like?

FVR Spitfire Parts List, Four Wings

(A Three Element Vertical Parasitic Array on 160 Meters)

Purchased new:

Home Depot, 2x4”-16’ No.1 @ 7.50 x 4 pieces
30.50

500' #12 THHN Black wire @24.50 x 2 rolls
49.00

Screw Eye @ $0.88 each x 3/ wing x 4 wings
10.56

1" PVC pipe, Schedule 40, x 10'@1.03 ea. x 2
 2.06

Rubbermaid plastic boxes to mount

on posts and hold feedthroughs plus two

relays each 4@$5.00 ea.




20.00

Flea market purchases:

8 relays @ $3.00 ea. 




24.00

8 relay sockets @ $1.00 ea.



 8.00

12 feedthrough posts @ 1.00 ea.


12.00

rotary switch for control box



 5.00

insulators, 3 per wing x 4 wings @ $1.00 ea.
12.00

Total:

              


    173.12

*
I think I understand where the 24 insulators go, but am not sure about the 8 DPDT relays.  Common sense would indicate that each parasitic element has a "director-reflector" relay in the horizontal portion but it is not clear to me why these would have to be DPDT unless the other contacts are used to ground the unused parasitic array elements (as it is indicated they are) when not in use.


Yes, a grounding function must also be provided by the relays.  There are 3 switching configurations for each element:  director, reflector, or grounded.  The grounding is done at the lower end of the director where the reflector segment switches in.  Two relays per element are required to do this, although one of them (the one which switches in the grounding lead) actually needs only to be SPDT.  This arrangement allows for all switching relays to be near ground level for easy installation and for each relay pair to be co-located.

PARTS - RELAYS
*
What type of relay do you recommend?  Is a vacuum relay required?


We used relatively inexpensive octal-base plug-in Potter & Brumfield relays with 10 A contacts (flea market price ~$3 to $5).  Initially we had concerns about high-voltage RF arcing, but so far we have had absolutely no problems with them running 1500 W out on 160.  Just be sure not to "hot switch" them!  Vacuum relays do not appear to be necessary.  The plug-in feature of the relays makes replacement very simple, if ever needed.

*
What type of relay did you use?


We used garden-variety plug-in relays with octal base.  Several available types are:  Potter & Brumfield KRP11D, Guardian Electric A410-362139-20, and Sigma Instruments 50R02-12DC-SCO.  These have 12 VDC coils with 10 A contacts and are DPDT.  (Actually only SPST functionality is required). You can find these or equivalent units at flea markets for as little as $2 or $3 each.  There are 10A DPDT 12VDC Radio Shack relays which are plug-in but have a rectangular base instead of octal and are a little more expensive, but widely available.  Bottom line:  nothing fancy is required.  Even the cheap relays seem to work just fine.

*
Aren't those relays at a high voltage point?  Won't they blow up?


Yes, it's a high voltage point, and no, ours haven't blown up (yet).

CONTROL WIRES

*
Is there some precaution to take with the control wires for the tower relays -- such as run them inside the tower, bypass them well, ground shielded wiring, etc?


No special precautions are needed for ground-level relays, although RF bypassing is probably a good idea.

GROUNDING

*
How well do the two unused elements have to be grounded in order to really make them 'inactive'?"


At radio frequencies, these elements may need quite a bit of "grounding" in order to make them "invisible."  On the other hand, perhaps a simple ground rod will do the trick; soil conductivity may play a big role here.  This could be an area where you will have an opportunity to try various "grounding" schemes to see which one(s) work(s) best.  Another possible scheme would be to use a ground rod beneath the director/reflector relay, in combination with short jumper wires from the ground rod to a few of the nearby radials that are used with the central radiator.


We have a relay which grounds the unused wires to both a ground rod and to one of the existing ground radials.  To be perfectly honest, I have not resolved to my own satisfaction what constitutes adequate grounding in the real world.  Of course, in the computer model, it's easy to do to the grounding, which does make the unused elements essentially disappear.  I liked your idea of using several nearby radials instead of just one, so perhaps we will give that a try.


Another possibility is to make use of all 4 wires as parasitic elements, instead of just 2, so there is never an issue of removing unused elements. The trick is to find the tuning which makes it work.  So far I haven't been able to make 4 wires work better than 2, although I haven't given up yet.

*
When tuning, just how did you make the other wing disappear electrically?  Is grounding enough?


The computer model says grounding is enough.  I still need to convince myself that what we did with the ground rod is a good grounding system.

*
Tell me again how you lifted the grounds and feedline, and why mere total grounding wasn't enough to make the tower go away while you were tuning the wings?


A grounded 1/4-wave tower is a resonant antenna!  The way to de-resonate it during tuning is to unground it, so it becomes a floating 1/4 wave.

*
To what extent does soil conductivity will affect the FVR Spitfire's performance.  Based on your slide Dayton '98-6, the conductivity used in your analysis may be moderate to low, based on the way the elevations plane patterns act below 15 degrees, but I cannot say for sure.  If you have run any comparisons of the sensitivity of array performance (gain, F/B) to soil conductivity, I would appreciate hearing about it.


All verticals perform better in absolute terms as the conductivity is improved and the Spitfire is no different in this respect.  What I have also found is that the F/B tuning of the Spitfire is somewhat sensitive to the ground conditions.  A larger rear lobe starts to appear when the ground is poor, and I am looking into whether retuning the elements can suppress this lobe.  Also, I am looking into the effect of radial systems--both numbers of radials and their lengths--on the array's performance.  This is still work in progress, so I don't have much to report yet, but I will get back to you when I do.  BTW, the patterns shown in the Dayton presentation used the MININEC "good" ground model, which is somewhat idealized and probably not representative of the ground in many parts of the country (including W1).

*
The grounding of the unused elements: Where/how is that done?  At the switchbox?


There is a ground rod at the base of each relay box (the ones adding or subtracting the reflector length of wire), and a radial back to the tower.

*
I am not grounding my "side" elements, rather the relay opens the end so that the longest piece of wire floating in space is 163'.  The computer model shows very, very low current in the side elements.  Do you guys ground your unused elements?


Yes, we ground the unused elements.  If I recall correctly, the computer model showed that letting them float did degrade the pattern somewhat, but it depends on length of the floating wire.  The model said that grounding them to the radials underneath the elements was essentially the same as complete physical removal of the element.

*
Does it make a difference if the driven element of an FVR Spitfire antenna is insulated or grounded?

The Spitfire will work the same with either a grounded or insulated driven element.

DESCRIPTION

*
You call it a "poor man's 4-square", but it's really a 3-el parasitic array using a 1/4-wave (130') tower vertical and 1/2-wave parasitic reflector and director wire elements, isn't it?


Yes.  We felt that a poorer man lives on a smaller lot, erecting one tower, not four.  But this antenna can make him feel rich.

*
ON4UN had a number of negative comments on this antenna configuration in his latest edition. Do you agree with him or is there another point of view, such as experience with the array?

ON4UN's criticisms had mainly to do with the use of the MININEC ground model for modeling ground effects in the EZNEC.  I had informally given him an early EZNEC model of the Spitfire, using the MININEC ground.  Unfortunately we were not aware that ON4UN was going to publish a critique based on just this.  He never communicated his results to us before publication.

He is correct in that MININEC gives results which are too optimistic, but it is not as bad as he implies.  I had realized this early in the modeling process.   In fact I had already developed a more accurate model (which I will supply to anyone interested) using NEC-2's high accuracy ground model in conjunction with radials modeled as real wires.  Bottom line:  with the high accuracy NEC-2 model, the Spitfire shows about 1.2 dB less gain than a 4-square with the same number of radials per element.  I believe the original difference originally reported with the MININEC model was around 0.5 dB.  Therefore MININEC is a bit optimistic but not nearly as much as ON4UN seems to imply.  

The other point that seems to get lost is that the Spitfire is a space-efficient antenna that doesn't require nearly as much real estate as a 4-Square or even a 2-element phased array.  The compromise in absolute performance is something many people will accept in return for the space savings. The FVR Spitfire can be erected on the same amount of real state as a single vertical, if that vertical is a gamma-rod fed tower, and delivers performance superior to the single vertical at a low cost. 

DIMENSIONS
*
So what were the actual final dimensions?


(According to one designer who modeled his own tower.)  The total wire length of the bent reflector is 253' 3.412" and the bent director is 241' 3.412".


It has 6.40 dBi (4.98 dBv -- dB over a 1/4-wave vertical) gain at an angle of 38.2 degrees.  The F/B at 38.2 degrees is 23.22 dB.


Comment:  That's pretty good, possibly even better than a real 4-square, but I noticed that the angle of radiation was considerably higher than the 22.6 degrees we get with the same single-element tower over "good" soil (1.42 dBi gain at that angle).  It obviously is due to the fact that you're using 1/2-wave parasitic elements instead of 1/4-wave 

elements.


W1FV replies:  The higher angle of radiation is actually due to the slope of the parasitic elements.  I have modeled many variations of the antenna and one can lower the radiation angle by bringing in the ends of the parasitic elements closer to the tower as you did.  This has the effect, however, of lowering the base radiation resistance, which is not desirable, and degrading achievable F/B with half wave elements.  If you model just a simple sloping dipole, you will see that it has a higher angle of radiation than a pure vertical.

*
So, what were the actual dimensions after all?


As was said before, the only critical dimension is the spacing of the corner of the wing from the tower (1/4 wavelength).  All the other dimensions are whatever they need to be at one's tower to achieve the proper resonant frequencies of the wings.  The beauty of this thing is that the geometry simply is not that critical.  You fold the wires until they fit and resonate.

DESIGN
*
Why not use 1/4 wave antennas, instead of 1/2 wave?


All parasitic vertical arrays with grounded elements suffer from the drawback that the real gain rapidly diminishes when the resistive "connection" loss of an imperfect ground system is considered.  Try inserting a small resistor of 2 or 3 ohms in series with the base of the quarter wave elements and you will see that you have already lost nearly 1.5 dB of gain and some F/B.   Even a ground loss this small probably represents a system consisting of 60-120 radials, at least a quarter wave long, under each array element.  (One can't skimp on the radial system under the parasitic elements).  Also, the base radiation resistance of the driven element is only 10-11 ohms which makes the system quite sensitive to resistive losses, including ground loss.  Our "Spitfire" has a resistance around 30 ohms and does not require any radial system under the parasitic elements other than that already installed for the driven element.  I have actually constructed parasitic arrays using grounded elements and that experience has made me painfully aware of their limitations.  That's why we came up with the concept of half-wave ungrounded parasitic elements.

*
Any bibliography?


Al Christman's article (then KB8I, he's now K3LC), his original work with a single grounded parasitic element, was in the ARRL Antenna Compendium Vol. 4 ("The Slant-Wire Special").  Also, in the same volume, K4ERO describes an almost identical concept ("The Tuned Guy Wire").  Christman expanded his concept to incorporate 2 grounded parasitic elements (reflector and director) and wrote it up in the Technical Correspondence section of May 1997 QST.


See also, "Elevated Radial Wire Systems for Ground-Plane Type Antennas, part 3: A monopole antenna with parasitic wire elements", John Belrose VE2CV, Communications Quarterly, Spring 1999, p. 37.

CONSTRUCTION
*
Will I have to break up my guy wires or use Phillystran in order to hang this thing and make it work?


It's always a good idea to have non-resonant guy wires.  If anything, this is more of an issue for higher band operation than on 160, though.

*
What happens when you use a higher tower?  Do you need to have wires parallel to the tower up top?


You can shorten or even eliminate all the folded segments if the tower is tall enough.  The thing that matters is the resonant frequency of the wire.

*
What height does the apex need to be? (I have a 1/4 wave vertical made of 110 feet of Rohn 25 and a 20 foot pipe).

The baseline design assumes an apex at 130 feet.  However, I've learned from the computer modeling that the height is actually not critical. K1VR's tower is 100 feet and the wire elements hang from about the 90-foot level.  I've also modeled the system with towers as tall as 180 feet with very good results.  The optimal tuning of the parasitic elements does change somewhat with apex height, however.  

*
If you had all four wires, wouldn't you be better off leaving the additional two wings in line somehow as additional, off-center line, reflectors?


I tried hard in the modeling program to make use of all 4 wires at a time, but I just couldn't see any improvement by having the side wings "active" once I had optimized the tuning of the in-line wings.

*
My shunt feed is only 20 feet above ground, why is yours at 80'?


Find the point that's best for what you have on your tower.  K1VR's shunt feed never worked well with a low tap.

*
Can you build a one wing version?  What is the gain of that?


Yes.  Gain is TBD, but probably a dB or two less than the 2-wing version.  If you are only going to build one wing, make it a reflector, not a director.

*
How high up the tower should I go with the parasitic element?


I recommend running the parasitic element wires all the way to the top of the tower, if possible.  (On K1VR's tower, this was not possible because of the rotary 40-meter beam on a RingRotor just below the top, so we started about 10 feet down).  The vertical fold segments, which are parallel to the tower at the top, are spaced out about 3 feet (one meter) from the center of the tower.  On 160 m, the length of this vertical segment is about 30 feet.  For other bands, you should scale this dimension by the ratio of the wavelengths.  The length of the horizontal segment length near the ground is adjusted to achieve the correct element resonances.  The exact dimensions and geometry are not as critical as getting the overall resonance of the parasitic elements correct, which is why we recommend direct measurement/tuning using the procedure described in our presentation on the Web.  Again, you can scale the element resonant frequencies from 160 to other bands.

*
Why did you cut the corner to measure resonance?


According to a simulated element measurement procedure done on the computer, it doesn't matter much where you inject RF for the measurement.  We use the corner because it allows you to do all the tuning work at ground level (actually on a step ladder).  When the element is at resonance, the reactive part of the drive impedance, no matter where you feed it, is zero and this shows up as a local minimum in the measured SWR, although in general that SWR will not be 1:1.  From the corner it is about 3:1 or 4:1.  It would definitely be advantageous to remove all the other elements, including the driven element, during the tuneup procedure.  We found that the presence of the other elements tended to skew the resonance measurements we got unless we removed or detuned them.

*
How do I load my tower on 160?


Our design assumes that the station owner has already succeeded in loading the tower at the center of the array.  I am afraid that I am of no special help to anyone seeking to install a gamma rod loading system.  Consult the ON4UN book.

*
How much spacing between the top tail and the tower, and did you find that distance to be critical?

We used about three feet or one meter.  It was physically far enough away from the climber so that it presented no safety problem.  It modeled OK.  It was easy to build.  It is not a critical distance.

Variations

*
I have a vertical made of Rohn 25 (80 feet), insulated at 20 feet above ground. Have you studied the adaptability of this system for an insulated vertical with elevated radials?

Yes, W1FV did some modeling of a system with elevated radials. It works, but the tuning of parasitic elements becomes strongly influenced by the length of the radials, making the tuning of the parasitic elements rather critical.

*
I will make the driven element about 10% longer than a 1/4 wave to detune it and then add a cap to bring it to resonance after tuning for the finished product.


You can also tune the parasitic elements with a

variable capacitor, say 150 pF.  To tune the reflector element, insert the capacitor between the director/reflector switching relay and the reflector wire segment.  Using a local vertically polarized ground wave signal, tune the capacitor for maximum F/B.  If you find the null off the back occurs at maximum capacitance, shorten the reflector wire segment to bring the null within range of the capacitor. If the null occurs at minimum capacitance, add wire. You can also tune the director (less critical) by inserting the capacitor between the lower corner of the element and the switching relay and also tuning for maximum F/B. This should make it much easier to find the optimum tuning of the parasitic elements. You can leave the capacitors in for transmitting if the plate spacing is adequate.
  

*
If I had TWO gamma rods, one for 80 and one for 160, could I use ONE set of wings for a two band 3 el vertical parasitic array?


Probably yes, but I haven't modeled it yet.  Why don't you?  Let us know what you find.

TUNING

*
How do you tune (the wings of) this antenna?


To tune the parasitic elements, you must first break the wire at the lower corner of each element.  At this break you feed RF into the element by making the load connection to the MFJ-259B through a short piece of coax.  Sweep the frequency until you see a local SWR minimum.  In general, this minimum will not be 1:1 but may be something like 3:1 or 4:1 because this is a high impedance point.  Resonance occurs at the frequency where the reactance goes to zero, which results in the lowest SWR.  First tune the director to the required resonant frequency by adjusting the length of the bottom horizontal segment until the correct resonant frequency is measured.  Then switch in the reflector segment and adjust the length of that segment until the correct reflector resonance is obtained on the MFJ.  Of course, when you are done, you re-make (re-solder) the connection at the lower corner.  Repeat this procedure for each element.  For maximum accuracy, you must prevent the other elements from coupling to the element you are measuring.  To do this, you should remove or lower (or BOTH!) the other elements.  Also, you should open circuit the base of the driven element from ground so that it is a floating 1/4 wave which will not look resonant during the measurement.  The top parasitic element wire segment (parallel to the tower) and the lower horizontal segment should be approximately the same length.


If you series feed the driven element directly at the base, the computer model predicts an impedance of about 30+j150 ohms.  You can tune out the reactance with a series capacitor of approximately 300 pF, leaving just R=30 ohm which will produce a SWR of 1.7:1 into 50 ohm coax.  You can get a better match, if you like, with a tuner or a simple matching network like an L-network at the feed point.

From: Scott Avery WA6LIE [mailto:wa6lie@msn.com]
Sent: Tuesday, September 02, 2003 11:47 PM
To: jkaufmann@alum.mit.edu; hopengarten@post.harvard.edu
Subject: FVR Spitfire Array

Gentleman, 

I am very intrigued on your design parameters for your FVR! I have tried similar using 1/4 directors/reflectors with some success, but tolerances/frequency is really tight and experimental. I can see your design is the same way. 

My main question is, on the parasitic elements being shortened, (area) is there any direct capacitive coupling on the length of wire parallel to the main radiator? If so, then the 1/2 wave would appear longer. I assume that these lengths are experimental. Keeping in mind all the advice on looking at the resonant frequency of the director/reflector do I decouple the vertical by taking it to ground? 

I am a bit confused... My past experiences say measure the resonant frequency of the elements installed "as is" and trim for desired frequency as a director/reflector. 

I usually use 3-5% for tolerances on parasitics depending upon bandwith needed. 

I thought that I would mention that the QUAGI antenna woke me up on the idea that all parasitic elements don't have to be the same configuration, because they will couple parasitically dependant upon the resonant frequency. This leaves all kinds of possibilities on configurations to parasitic arrays!! 

73, Scott WA6LIE, Salinas, Ca.

Answer from W1FV:

There is definitely coupling between the wire parasitic elements and the driven element. As you have surmised, this makes determination of the element resonance a bit tricky. However, this difficulty can be bypassed entirely by a different procedure described below. The issue is not only the coupling between elements, but the fact that everybody builds their antennas differently and what works for one configuration may not work for another. And element tuning is critical to getting the Spitfire to work correctly. Don't rely on rule-of-thumb formulas. 

What we are recommending now is to tune the parasitic elements by means of field strength measurements with a local test signal. The idea is to tune the parasitic elements for maximum F/B as measured in your receiver. You can have a local ham transmit a test signal from the rear of the array. His signal MUST be vertically polarized. Otherwise you get very misleading results. I've also found that an antenna analyzer, like the AEA or MFJ, makes a good lower power CW transmitter that can be carried out into the field. (Note: the AEA is a more stable source than the MFJ). Tune the analyzer to the desired frequency on 160 and connect it to a short vertically polarized "transmit" antenna. It doesn't take much--a makeshift vertical that's 10 to 15 feet is adequate. Use a short ground rod for the vertical ground. Set up the transmit source several hundred feet away from the Spitfire. 

You could do the tuning by pruning the director and reflector wire lengths but this is tedious and time consuming. Instead, you can make the elements continuously tunable. Start by inserting a large (500-1000 pF) air variable capacitor in series with the reflector wire segment on the bottom of the reflector element. You'll need to make the reflector segment at least several feet longer than normal to make this work. Tune the capacitor for maximum F/B in the receiver. The null will be sharp. If you end up at minimum capacitance, shorten the reflector and try again. If it's at maximum capacitance, lengthen the reflector and do it again. Once you have the null, you have two choices: (1) leave the capacitor in permanently or (2) replace it with an equivalent length of wire. If you're doing (2), you'll need to measure the resonance of the reflector with the capacitor in place. You can measure the resonance with your antenna analyzer inserted at the lower corner of the element as described in the original article. Then remove the capacitor and trim the reflector segment to achieve the same resonant frequency. You'll probably end up taking several feet off the reflector segment. Note that you should not try to decouple the other elements with this measurement; do it with the antenna as is. 

Now repeat the same procedure for the director element, except the variable capacitor needs to get inserted somewhere in the lower horizontal wire segment between the corner and the junction with the reflector segment. Here we've found the null is not so sharp and director tuning is not so critical.

*
How can you measure the resonant frequency of a piece of wire off-center? If the braid of the BNC connector goes one way and the center conductor goes the other, aren't you just measuring the frequency of the center conductor piece of wire?


The resonant frequency is not sensitive to where you measure it.  EZNEC demonstrates this -- you can measure resonance almost anywhere along the wire and get the same result.  You can reverse the center conductor and braid and measure the same resonant frequency -- in fact I did this with the MFJ-259 at one point just to double-check the measurements on our alpha test.

*
Using the MFJ-259, exactly what are you doing?  Do you set the frequency and then snip your way toward 1:1? When taking a measurement, do you sweep frequency to determine the present resonant frequency?


The SWR, in general, is NOT 1:1, at resonance (this is a common misconception).  The definition of resonance is zero reactance in the impedance.  This happens to show up as local minimum in the SWR, which you can find by sweeping the MFJ-259 frequency, but the minimum on the Spitfire is something like 3:1 or 4:1 when measured at the corners.

*
How do you use the MFJ-259B?


The use of the MFJ-259 is quite simple in this application.  You cut the wire at the lower corner of the parasitic element.  Connect a very short piece (~1 meter) of coax to the wires at this corner and connect the other end of the coax to the antenna input of the MFJ-259.  On the coax, the braid should connect to the piece of wire closest to ground.  Sweep the frequency of the MFJ-259 and look for the frequency where the SWR is lowest.  In general, this SWR will not be 1:1, but more like 3:1 or 4:1.  This frequency is the resonant frequency of the element.  You then cut or add wire to the horizontal portion of the wire element until the resonant frequency matches the design value.  When you are finished, reconnect or bridge the wires which you cut at the corner.

*
Did you measure the forward gain by field tests?  Or just by model?


The gain numbers in the talk are all computed.  We have yet to make real field strength measurements.

*
How can you measure the resonant frequency of a piece of wire off-center? If the braid of the BNC connector goes one way and the center conductor goes the other, aren't you just measuring the frequency of the center conductor piece of wire?

The resonant frequency is not sensitive to where you measure it.  EZNEC demonstrates this--you can measure resonance almost anywhere along the wire and get the same result. You can reverse the center conductor and braid and measure the same resonant frequency--in fact I did this with the MFJ-259 at one point just to double-check the measurements at the K1VR system.

*
I don't understand the tuning from the corner of the triangle, can you elaborate? I have an MFJ-259B for tuning.

The idea behind tuning the parasitic elements is to drive them with some RF and find where they resonate. Resonance is defined as the frequency where the drive point impedance has zero reactance.  This also usually coincides

with minimum SWR.  We picked the corner of the element because that's any easy place to insert the RF drive and allows all the tuning to be done from near ground level.  You could use a transmitter for this purpose, but the MFJ-259B (which I also use) is even better.  To do this, cut the wire at the corner, and attach a very short coax feedline (braid to the lower horizontal wire section and center conductor to the upper wire). Connect the MFJ to the other end of the coax and using the R+jX mode, sweep the frequency until you find where the measured reactance X is zero. For best accuracy, the other elements (tower and parasitic elements) must be decoupled from the element being measured.  This can be accomplished by temporarily dropping the other wires, disconnecting the tower base from its radials and from any other ground connection at the base.  You then prune the length of the lower horizontal wire segment until the element being measured shows the correct resonant frequencies (2.0 MHz for the director and 1.9 MHz for the reflector -- this optimizes performance at 1.83 MHz).  First do this for the director configuration where the relay on the element is open and prune the wire length between the corner and the relay. Then close the relay to insert the reflector segment and do the same thing for the reflector by pruning the length of the switched in reflector wire. When you are done, you reconnect the wires that you cut at the corner. Repeat the same procedure for the other parasitic elements.  

=====

From: John Kaufmann 

To: DrBingo@compuserve.com

Date: Mon, 22 Mar 1999 20:07:41 -0500

> What ground conductivity did you assume for your gain figures? 

W1FV:  I used EZNEC's "good" ground model with 5E-3 s/m conductivity and dielectric constant of 13.

>Are you going to have any current distribution figures (phase and mag) on the tower and wires in your next article?

W1FV:  I wasn't planning on including any such data since I'm not sure it would be of much use to anybody, although it is available in the EZNEC model.

Additional note:  Since the original presentation at Dayton, which still appears at www.yccc.org, I have revised the design of the Spitfire.  The geometry of the parasitic elements is changed.  The vertical wire segment which drops down from the top of each parasitic element is eliminated and to compensate, the horizontal wire segment at the bottom is lengthened.

This change drops the radiation takeoff angle by nearly 10 degrees with no other real penalty in performance.

=====

From: John Kaufmann 

To: "Hubert.Cornic" <Hubert.Cornic@wanadoo.fr>

Date: Thu, 29 Apr 1999 08:48:10 -0400

Subject: Re: F6CWA  FVR ANTENNA

At 10:02 PM 4/28/99 +0200, F6CWA wrote:

>Since April 99 I have been very interested in your system antenna for my favorite band  -- the top band.  I have erected four half waves around my vertical, and I built the relay box for the four directions.  But I want a five position switch for omnidirectional, is it possible perhaps to connect the four half waves to ground?

W1FV:  Yes, you can add an omnidirectional mode by grounding all four parasitic elements through the radials.  We have done this and it works when the radials are ground mounted.  I notice from the diagram you sent that you appear to be using elevated radials.  We have not tried grounding through elevated radials, but I think it should be OK. You will see an impedance change in the omnidirectional configuration (we saw the SWR increase from 1:1 to almost 2:1), so there will be some mismatch if you don't retune.

On Wed, 02 Feb 2000 01:27:49 -0500 Dave Arruzza W1CTN <darruzza@snet.net> writes:

>Would [the FVR Spitfire] array work using an insulated >driven element? It would be easier for my application to use my insulated tower for the driven element.

From: "Howard Klein" <howk2@hotmail.com>

Date: Mon, 10 Dec 2001 22:00:04

>To tune the FVR Spitfire, how would one insulate a grounded >tower temporarily? [Others asked: How do you unground the driven element, when it is a grounded tower in the concrete and well-grounded?]

The Spitfire will work the same with either a grounded or

insulated driven element.

Here is an on-the-air tuning method which doesn't require ungrounding the tower.  In fact, it is the most accurate way to get optimal results.

The tuning of the parasitic elements is very important for good directivity.  We have learned that everybody has a different tower situation and that it is difficult to duplicate our design exactly.  Consequently, we have developed a simple way to tune the parasitic elements using a test signal, which will allow the array to be tuned optimally for any tower installation.  Use this procedure instead of that in the Web article.

To tune the reflector element, insert a 0-150 pF air variable capacitor between the director/reflector switching relay and the reflector wire segment.  Using a local vertically polarized ground wave signal (a ham with a vertical five miles away in the right direction is perfect, during daylight hours), tune the capacitor for maximum F/B.  It is very important that this test signal be vertically polarized -- a horizontally polarized test signal will not work because the Spitfire is a vertically polarized array!  If you find the null off the back occurs at maximum capacitance, the reflector segment is too short, so lengthen the reflector wire segment to bring the null within range of the capacitor.  If the null occurs at minimum capacitance, shorten the wire until you find the null.   The null may be very deep and very sharp. 

The director tuning is less critical but can be done by inserting a tuning capacitor at the lower corner of the element and also tuning for maximum F/B.  Here the capacitor will need to be bigger, maybe 0-1000 pF, to see a tuning effect.  You may need to make several adjustments, back and forth, between the director and reflector elements to get the best F/B.  In our experience, tuning of the director is much less critical than the reflector.

Once you have found the optimum tuning, use the antenna analyzer (MFJ or AEA) to measure the resonant frequencies of the director and reflector elements at the corners (as described in the Web article).  Then remove the capacitors and close the connection where the capacitors were inserted.  You then resonate the elements to those same measured frequencies by trimming the lengths of the director element and reflector segments separately until the antenna analyzer shows resonance at the same frequencies as before.  For example, if the reflector resonated at 1800 kHz with the capacitor, then with the capacitor removed, you should trim the reflector segment until the reflector resonates again at 1800 kHz.

