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A Closer Look at Elevated Radial Configurations

Encouraged by the results of Round Two, I asked myself “what would be the effect on performance of different elevated radial arrangements?” 

Elevating the base of the antenna and the associated radials seems to work well but it isn’t always practical to elevate the vertical itself, which may be very large (for example, a tower on 160 meters) nor is it always possible to have full 1/4 wave radials. So I set up the following series of experiments:

1) The base of the vertical and four insulated radials at a height of 48 inches. This is the reference configuration (0 dB). 

2) The base of the vertical at ground level but the far ends of the four radials elevated to 48 inches with the radials sloping upward from the base.

3) Gull wing radials al la N6BV, the base at ground level with four radials sloping upward at 45° until the radial height reached 48 inches and then the remainder of the radial was kept at a height of 48 inches out to the far end.15
4) Base and radials at a height of 48 inches using four 1/8 wave radials and resonating the vertical with an inductor, as described by K5IU and G6XN.16, 17 

A comparison between these configurations is shown in Table 1.

The most important observation from Table 1 is that radically changing the radial geometry does not appear to have a major impact on performance. They’re all within a fraction of a dB. Cutting the radial lengths in half (configuration 4) and adding a small loading inductor reduced the gain by only 0.4 dB. Shorter radials would help to reduce the footprint of the radial fan, a considerable advantage in some situations.

I was surprised to see that the gain reduction for the gull wing configuration was slightly worse than simply running the radials straight up to the far end (configuration 2). It may be related to the higher feed-point impedance in configuration 2. In the case of the gull wing, the radials rise quickly relatively close to the vertical resulting in some cancellation between the vertical and radial currents, which depresses the feed-point resistance. We see a similar effect in top loaded antennas with downward sloping wires. From the standpoint of keeping the radials above head height for safety reasons, the gull wing is more attractive than just sloping up the radials. 

Radial Fields with Missing Sectors

A very common problem with vertical ground systems is the impracticality of having a symmetric circle of radials. Some object, frequently a structure or a property line, may make it impossible to place radials in certain areas around or near the base of the antenna. I had received questions on this so I decided to do some experiments in which I compared the signal strength of a 1/4 wave vertical with a full 360° radial fan to one with a substantial portion of the radial fan missing in one sector.

Radial Fan Configurations

For this series of tests I chose to use a symmetric 360° radial fan with thirty two 33 foot radials as the reference (A1). Figure 1 shows a plan view of the initial radial fan geometries.

The four 180° sectors were arranged in relation to the receiving antenna as shown in the figure. Both right and left configurations, which ideally should be identical, were run as a check. 

After running some tests I realized that additional radial configurations might be interesting. In particular I wanted to see if adding short radials in the missing sector would help. The additional configurations are shown in Figure 2.

Test Results

Experimental results are given in Tables 3 and 4. Note that the tables show the difference in dB from the 360° radial fan (A1).

NEC modeling predicts that, compared to a full 360° system, systems with missing sectors should have both a reduction in the peak signal (more loss) and distortion in the pattern. The distortion shows up in a lower signal level in the direction of the missing sectors. The test results qualitatively agree with NEC, the peak amplitude is reduced and the pattern is distorted if only a partial radial fan is employed. 

Clearly missing sectors in the radial fan have an impact on the radiated signal. In the direction of the remaining radials the signal loss is on the order of 0.5 dB but in the direction of the missing sector the loss is from fraction of a dB to over 3 dB. Not good! Omitting the seven radials in a 90° sector (A6) does not seem too harmful, only –0.44 dB. But eliminating all the radials in a 180° sector (A3) is bad (–1.91 dB). 

Taking the radials missing from A1 (to form A3) and adding them between the remaining radials in A3 (A7) helps a bit, reducing the loss by 0.5 dB. If instead we add fifteen 1/16 wave radials (A8) in the missing sector we get a similar improvement, about 0.4 dB. Despite some improvement, the signal loss for both A7 and A8 is still substantial. What really seems to help is to put fifteen 1/8 wave radials (A9) in the missing sector. Unfortunately that may not be possible.

Some Comments

Sector ground systems can reduce your signal substantially in some directions and produce a distorted pattern. What can be done about this? Keep in mind that the field intensity around the vertical increases rapidly as we get near the base of the antenna. If we move the base of the antenna away from the obstacle as little as 1/16 wavelength or better yet 1/8 wavelength, so that we can have at least some radials in the sector towards the obstacle, the losses will be reduced. In the process of moving the base away from the obstacle you may have to shorten some of the radials on the side away from the structure but that may be acceptable. Moving away from the obstacle may also reduce losses induced in it. Another possibility would be to move the antenna from the side of the building to a corner that might allow the radial fan to be increased from 180 to 270°.

15R. Straw, N6BV, “Antennas — Here Are Some Verticals On The Beach,” ARRL Antenna Compendium #6, pp 216-225.
16R. Weber, K5IU, “Optimum Elevated Radial Vertical Antennas,” Communication Quarterly, Spring 1997, pp 9-27.
17L. Moxon, G6XN, “Ground Planes, Radials Systems and Asymmetric Dipoles,” ARRL Antenna Compendium #3, pp 19-27.

Figure 1 — Missing sector radial layouts.

Figure 2 — Additional asymmetric ground systems.

Table 1

Experimental Results For Elevated Radials

Configuration Number
Signal Change (Db)
Test Configuration
1
0
Base and 4 radials elevated at 48"
2
–0.47
Base at ground level, radials ends at 48"
3
–0.65
Gullwing, base at ground level radial ends at 48"
4
–0.36
Base and radials at 48", radial length of 17.5', 2.2 µH inductor (Q>300) to resonate
Table 2

Effect of a 180° Sector Ground System on Signal Strength Referenced to A1

Frequency (MHz)
A2 Toward RX (dB)
A3 Away from RX (dB)
A4 Left (dB)
A5 Right (dB)
7.2
–0.42
–1.91
–0.82
–0.94
14.2
–0.57
–2.42
–1.20
–1.24
21.2
–0.69
–3.00
–1.24
–1.33
28.5
–0.55
–3.23
–1.26
–1.58
Table 3

Test Results for the Added Radial Configurations

Radial Configurations
Signal Referenced to C1 (0.0 dB)
A6
–0.44 
A3
–1.91
A7
–1.39
A8
–1.52
A9
–0.34
Experimental Setup

The basic concept behind the experimental measurements is illustrated in Figure 1 in which we apply power to the feed point of antenna 1. 
Some of that power is radiated and some is dissipated in the soil. Rr (radiation resistance) represents the radiated power and Rg (equivalent ground resistance) represents the power lost in the soil. There will also be a small amount of power lost in the conductors of the antenna but we will ignore that for this discussion. 

At some distance (more than two wavelengths for a 1/4 wave vertical) we have a receiving antenna (antenna 2). What we want to know is, how much signal do we get on antenna 2 for a given input to antenna 1 and how does this received signal change as we change the ground system? 

S21 represents the fraction of the radiated power received at antenna 2.

The equation in Figure 1 simply says that S21 is proportional to Rr and Rg. The smaller we make Rg the more power will be radiated resulting in more signal at antenna 2 (increased S21).

Traditionally this experiment has been done by exciting the antenna with a transmitter and then measuring the signal strength at the receiving antenna. By keeping the input power constant, an improvement of the ground system would show up as an increase in received signal strength. This sounds very straightforward but when you actually try to make really accurate measurements this way it’s not so simple. There is another way however: use a vector network analyzer (VNA) as shown in Figure 2. In principle this is the same technique but the VNA provides all the parts of the system in one unit: the transmitter, power measurement and a direct measurement of fraction of received power. The value for S21 can be determined with great accuracy. In practice the effect of very small changes in the ground system can be detected. In addition there can be a direct interface with a computer to greatly speed up data collection, saving time and allowing us to accomplish much more during our time in the field. In the past, because of cost, using a VNA was strictly an exercise for professionals, but times have changed. Profession equipment is now available used at much lower prices but more importantly, very good VNAs for amateur use are now available. In fact you can homebrew your own high performance VNA.1
For my experiments I used the N2PK VNA.2 Much greater detail on the measurement techniques can be found in my QEX articles and in The ARRL Antenna Book.3
Figure 1 — Concept of the measurement technique.

Figure 2 — Test arrangement using a vector network analyzer. 

1See the Vector Network Analyzer page on n2pk.com.

2See Note 1.

3R. D. Straw, Editor, The ARRL Antenna Book, 21st Edition. Available from your ARRL dealer or the ARRL Bookstore, ARRL order no. 9876. Telephone 860-594-0355, or toll-free in the US 888-277-5289; www.arrl.org/shop; pubsales@arrl.org.

























