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The Lowfer Transmitting Loop Antenna – possibly the answer to your tree-related transmitting woes?

Part 1 (Revision A, 10/26/02) gives complete details on the development of an experimental full size loop antenna that has a surface wave range of over 100 miles.

This is New England where the average back yard antenna site is densely populated with oaks, maples, and pines. After struggling for three years with standard and not-so-standard top loaded monopole designs and many dollars in ground radials, the total AC resistance of the antenna system was still greater than 100 ohms except on the coldest winter days. This value is about four times worse than the system resistance of a “good” installation and resulted in field strength readings of about ½ of the “good” levels.  It was finally concluded after running numerous tests that the absorptive losses of the trees surrounding the antenna site caused a lowering of the antenna Q which made the measurements of system resistance so high. Nothing short of the ‘chain saw approach’ had much chance in helping the cause, so I began looking toward loop antennas that, according to the available literature, had high current and minimal voltage. This equated to a low Z antenna that seemed would not be effected by the 1 to 10 kohm  impedance values I was measuring at the trees.  

A first experimental loop antenna was assembled with a single run of #12 wire approx 40ft on a side to allow evaluation of parameters. This loop was supported by ropes placing it in the only opening in the trees available in the back yard.  A capacitive ‘L’ network was attached that allowed the inductance of the loop to resonate at 185 kHz and present a load  to the transmitter of one watt. The voltage and the and current were measured at the loop terminals and the all-important AC resistance (Rac) of the  loop (which in-turn is inversely proportional to the radiated power), was calculated. The value turned out to be about 3x the DC resistance, or about 1 ohm – somewhat high. After factoring in skin effect and some absorption of the AC field in the ground, this value was considered to be acceptable. Then, by adjusting the ropes, I moved the loop approximately 15ft to the side where it contacted some trees, and found almost no change in Rac. 

The next test was to measure the field strength with the loop in the mounted as far as possible from the trees with my selective voltmeter (SVM). The location selected was a previously established site 1.8 air miles west of base which happened to be in the correct direction for the maximum radiation. I was amazed to find the strength was approximately100uv/m - nearly double the strength of my typical ‘summer’  levels for monopole designs at the same 1 watt input power. And this was a less than full size loop with less than an ideal conductor! Next I moved the loop to the same location identified above in contact with the trees and no reduction in signal could be detected at the test site. My assumption that a low Z antenna would not be affected by trees was correct! Later I plugged the signal strength vs the loop parameters and distance into an equation in my propagation  text book and found good agreement.

Placing the loop in a more permanent location

With great difficulty I was able to shoot a kite string in the N/S direction over the tops of a group of trees in the woods behind the house approximately 50ft in height with a home-brewed bow. Then, after pulling over a 1/8” nylon rope, I was able to place a #12 wire in this location and adjust the length and mounting ropes so that it had dimensions close to the desired 50ft per side (to be discussed later). See figure 1. A trip north into the White Mountains the following weekend confirmed the suspected increase in range over pervious monopole designs. The signal could be copied at nearly 100 air miles, an increase of 40 miles over previous antennas that were tested in the more ideal winter season. Factoring in the “very poor” soil conductivity of this region (Ref 1), this amounted to a 4x increase in radiated power.
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Further refinements over the last two years time, including the replacement of the single #12 wire aimed in the N/S direction with three #12 parallel strands, and later, the addition of a ½” copper pipe loop in the E/W direction last Fall, have extended the surface wave range. Last winter the first skywave signal reports were received from six different locations (>300mi), one of which was over 1100 miles. During one two-week period signal reports averaged one per night. A real surprise is that Mitch Powell in London Ontario (533mi) continues to copy the signal in the summer months, possibly indicating the higher and wider wave angle of a loop may have a skywave advantage compared to a monopole over some distances. Additional surprise benefits of the loop include minimal sensitivity to weather conditions including wind, rain, snow and ice, almost invisible appearance, and the apparent lack of needing a ground system. Due to the existence of a buried ground network needed for the old monopole antennas, this benefit is currently being investigated at another site. Initial test results indicate there is no benefit from a ground screen.

A bit of theoretical analysis before continuing:

The standard monopole will be used as the measuring stick to simplify the loop analysis and allow for the all-important basis for performance comparison. Since the field strength of both antennas is proportional to what I will call ‘effective’ current (the current produced by one watt of transmitter power that contributes to the strength of the radiated wave), this will be the main parameter used in the following analysis. The height of both antennas will be assumed to be 15 meters, the maximum permitted by the FCC.

The full sized square loop can be considered to be two vertical antennas spaced 15 meters   apart, each having an equal current distribution over their full length (note that this length is only a small fraction of the 1620 meter wave length (WL) for this frequency). The currents in the two horizontal conductors of this antenna do not contribute to the effective current and will be ignored at this time because of the well-established theory that all horizontally polarized radiation at this frequency is short-circuited by the ground at any appreciable distance from the antenna.  Unfortunately the current directions in the vertical members are opposing and the effective current available to produce a wave is nearly cancelled. The spacing between these members, even though small, relative to a WL, allows for a phase difference. The effective current of this combination compared to a monopole having equal current distribution is that portion of a 1620 meter sine wave measured between two probes 15 meters apart. This proportion is 2pi(L/WL) or 2pi(15/1620) = .058 or 5.8% at 185kHz. 

In order for the loop to be equal in radiation to the typical monopole the effective current must be 1/.058 = 17 times as large. A plus in favor of the loop is the way the current distribution in the typical monopole tapers off to about ½ of the current measured at the base as the result of the top hat capacity being ~ twice the capacity of the pole. This results in a 0.7x reduction in effective current relative to the equal current distribution of the loop. The loop/monopole current ratio for equality must, therefore, be (17)(.7) = 12. The current in the monopole at 1 w is sq rt(1/Rac) where Rac is the TOTAL system AC resistance. A good installation might have a loading coil AC resistance of 15 ohms and a ground resistance of  25 ohms, the sum of which is 40 ohms. The antenna current at the base is therefore sq rt (1/40) = 0.158A. The current in the comparable loop antenna must therefore be .158 x 12 = 1.9A. Since Rac = 1/I^2, to achieve 1.89A at 1 w, the Rac for the loop must be 1/(1.89)^2 = 0.28 ohms. It has been found that this value can be achieved using various conductor schemes which will be discussed in Part Two of this series. Therefore, it can be concluded that the loop can equal the performance of a good monopole.   

A 50’x 50’ #12 experimental loop will have an Rac including ground losses of approximately 1.2 ohm, assuming dry ground. The field strength compared to a ‘good’ monopole at any far field location will be proportional to the ratio of 1.89A to current in our loop. The current in this loop is sq rt(1/1.2) or about 0.9A. Calculating 0.9A/1.89A = 0.48 or –6.3db, which is far better in performance than the original monopole surrounded with trees. This simple antenna can be copied via surface wave at a distance of >100 miles and over 1000 miles on a skywave path - which isn’t bad for only an afternoon of shooting arrows and pulling wires over the trees! 

The FCC Regulations                        

Because the field strength of the equal sided loop antenna varies to the square of the length of one side (Ref 5), the size must be the full 50ft “maximum length” allowed by Part 15 of the FCC regulations to be competitive with the monopole. An experimental loop having a 50ft perimeter has been tested by a friend. With corrections made for loss in the conductors, this loop produces 1/16 the signal of my 200ft perimeter loop as measured with my SVM at 10miles from both. This reduction is signal is consistent with the ratio of the two areas as the math indicates. Although the maximum length provision is somewhat open to interpretation, based on this comparison, it would appear the FCC intended  “length” to be not the total length of the conductors, but the geometric length of the vertical and horizontal  portions of the antenna. This reasoning also covers the popular ‘50ft cylinder’ interpretation. If the antenna happened to be in the form of a single 50 ft x 50 ft sheet of copper it would have a length of 50 ft in both vertical and horizontal directions and therefore would fit the 50ft “maximum length” provision. If one were to remove all the inner portion of the antenna leaving only a 0.1” wide strip at the perimeter it would still have a length of 50 ft. A litmus test of this interpretation is in the possibility that the loop can be constructed in  a way that the radiation exceeds a monopole of equal height. It can be shown, however, that a loop having a simple copper conductor  (such as this) with diameter not exceeding one inch cannot radiate a signal greater than an efficient Part 15-defined monopole.

Now to the installation of a simple experimental loop:

The first step in planning a loop installation is to decide on a sending direction. The pattern will be a figure ‘8’ with the plane of the loop pointing to the direction of maximum radiation. Expect nulls off the side in the order of -20db but only -3 db for a 45deg misalignment. Part Three of this series will cover the addition of a second loop to give full 360 degree coverage such as I have at this location. Don’t be too concerned about the symmetry or keeping the loop in a perfect plane. Keep the vertical portions of the loop separated from the trees by at least 2ft as shown in figure 1 to keep losses as low as possible. The upper tie ropes shown are seldom necessary. I have found that one of the vertical legs can be only 4ft from the house without introducing losses. Experiments have indicated the lower leg should be no lower than 5ft above the ground. 

I recommend using a bow and arrow to install the loop because of the height and distance needed. In order to reach the needed 50 – 60ft height and >50ft depth, a bow with at least 35lb pull is needed. A check of the local area sporting goods stores indicated prices easily exceeding $100, even for used bows. After several failed attempts to reach this height with home brewed bows made from various types of wood, I found a full-size compound bow on sale at the local Big-K for under $90 that has more than enough range.

Caution!!  I recommend extreme care be taken with this type of bow because of it’s increased delivery potential. You must be absolutely sure that the arrow cannot separate from the line and come down at an unexpected, possibly dangerous, location. 

I have found that monofilament fish line to be the best line to be used in conjunction with the bow and arrow. It is very light and strong and is low in cost. Do not use kite string because of it’s increased weight and lower strength. The pound test rating on the fish line has an effect on the weight of the line, hence the range, and can be adjusted to match the power of the bow. Originally I used 6lb with my home brewed bow for medium distances but I have found this weight very difficult to work with (particularly to even see it once the arrow is shot!). 10lb is much easier to handle and doesn’t appear to limit the distance. 20lb test line works nicely with the compound bow. I have snapped 10lb lines with this bow, instantly on release, due to the tremendous acceleration of the arrow. I use an inexpensive aluminum arrows, purchased without tip, and screw a 1 1/2 x ¼” bolt into the end and add additional weight by wrapping wire over the bolt. The weight of the tip is adjusted so that there is enough pull on the fish line to allow the arrow to reach the ground without hanging-up on the trees on the way down. I have been using Shakespeare line which is very inexpensive and comes on a 3” spool with a ½” hole. The spool can be placed on a 4ft x ½” pole that is driven into the ground. A 4ft length of line is initially pulled off the spool and a piece of tape is used to keep the line from prematurely unwinding off the end of the spool before the arrow is shot. The line will peel off the end of the spool with almost no resistance when the arrow is shot.  The line should be attached to arrow just ahead of the feathers. A leader of 1/8” nylon cord should be tied to the fish line and pulled over the top of the trees once the fish line lands in the desired location. If the line ends up at a location that is not intended, do not try to recover the arrow by pulling the line back over the trees. Simply drop the arrow to the ground, cut off the line at the arrow, and rewind the line; then re-attach and try again. The #12 wire can be easily pulled over the top using the nylon cord.

Figures 2a and 2b indicate two basic types of connections to the transmitter:




Both types use an impedance step-down technique to match the transmitter to the very low resistive component of the loop. Typically the required impedance ratio is close to 80 to 1. In figure 2a this ratio is accomplish with an ‘L’ network utilizing the resonating capacitor as the lower leg. A typical loop inductance of 100uh can be resonated at 185kHz with ~7000pf  total capacity which is the parallel combination of both capacitors. Splitting the capacitors in a 8 to 1 ratio, such as a coupling capacitor of 800pf and a resonating capacitor of 6000pf, produces the required impedance ratio of approximately 80 to 1.  

Figure 2b uses a ferrite toroidal transformer to accomplish the 80 to 1 impedance transformation.  This coupling approach is preferred because it allows the loop to float relative to the ground return of the transmitter and is somewhat less sensitive to the resistive loading of the trees. The core should be a ferrite toroid with #43, #77, J, or equivalent mix. The diameter should be at least 0.75” and a length  at least  0.5”.  It is important to end up with a primary inductance >400 uh, and this dictates the size of the core, to some extent. A simple 16 turns to 2 turn design can be achieved with low cost Shield Bead cores having a diameter of  0.75 to 1.0” and a length 1.12” (Fair Rite #2643102002 for example) . 

The Transmitter Final

For maximum efficiency the transmitter final should be a class D (cutoff to fully saturated switched output) stage having an output impedance of no more than a few ohms. It is common to confuse the load impedance (in this case ~80 ohms) with the output impedance of an amplifier. This is often the case for audio amplifiers connected to 8 ohm speakers. The output impedance of these amplifiers is typically under 1ohm.

The design below is similar to Lyle Koehler’s ‘Simple Lowfer Transmitter’  but has separate base drive resistors. 


I found that because the bases are tied together, AC wise, with Lyle’s circuit, large base oscillations occurred during the switching transitions and tended to reduce overall efficiency. The exciter voltage that drives the bases should be at least a 5v p-p. Adjust the base drive resistors in series with this voltage so that the output transistor are just into saturation. I also recommend a transmitter power supply voltage of 24 volts rather than the typical 12 volts. This value will reduce the collector current  by ½  and will allow the use of low cost, more readily available, switching transistors. A simple efficiency test is to feel the temperature of the transistors (which do not need to be mounted to a heat sink). More than a ‘slightly-warm’ feel is an indication of significant losses in transmitter output power.  You will find the typical 2N2222/2N2907 transistor pair will run fairly cool in this application indicating near-100% efficiency. To meet the FCC Part 15 requirement for maximum length (including lead-in) the final, or complete transmitter, should be mounted within a foot or two of the loop’s feed point. No output filter is needed because of the 100(+) Q of the loop – in fact some efficiency can be lost if a filter is used. 

The suggested tune-up procedure for the capacitor-coupled loop is to first install a variable signal generator in place of the Xtal in the exciter/transmitter. Measure or calculate (Ref 2) the inductance of the loop and install the calculated resonant capacitor and the coupling capacitor. These capacitors should be made up from std 500v mica types that are paralleled rather than connected in series. Insert a current meter in the Vcc line of the output stage and tune the frequency of the signal generator to the sharp peak that should occur at resonance. If this frequency is not within 2 kHz of the desired operating frequency modify the resonant capacitor accordingly. Measure the DC current to the output stage at the peak frequency and multiply this by the Vcc voltage to determine the input power. Modify the value of the coupling capacitor to a make the input power 1 watt and recheck the frequency. After a number of iterative steps the loop can be ‘fine tuned’ at the desired transmitted frequency by installing a compression mica trimmer capacitor (~400pf) to the resonant capacitor bank. This capacitor can be used  to maintain precise resonance as the loop changes position with time. 

The tune-up procedure for the transformer coupled loop is identical except the number of  transformer primary turns is adjusted to make the input power equal to 1 watt. A scope fitted with a current probe will be very useful in making loop current measurements. Expect a current of about 0.9 amp rms for the #12 gauge loop and a voltage across the terminals of about 1.2 volts rms. 

As a final step in the loop installation I highly recommend adding lightening protection by installing a #12 wire connecting the cold side of the loop to a buried ground rod, in the case of the capacitor coupled loop. To protect the transformer coupled version a spark plug (non-resistor type) can be used in series with one of the loop wires and the ground wire. The spark gap should reduced to less than 0.10 inch and should be mounted in the vertical position (tip up) to prevent the electrode from becoming wet.

Part 2 will suggest different ways to improve the efficiency of this loop antenna using different types of conductors including Litz wire and include more details on all aspects of the loop installation. Details of a dual loop comprising two separate phased loops and a dual final to achieve a full 360 degree pattern will be presented in Part 3. 

I am anxious to hear back from any constructors of this loop antenna and will attempt to answer all questions. I am very interested in the calculated Rac of the completed loop relative to the soil conditions in your area. Please email me at: ashlockw@hotmail.com  
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Figure 1    Basic Configuration for Experimental Loop
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Figure 2a  Capacitor Coupling
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Figure 2b  Transformer Coupling





From Exciter





+24VDC





Fig 3  Basic Transmitter Final
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