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The following is a summary of my comments on the Longmire and Smith[1] (L&S)
technical report. This note is intended to be used in conjunction with a .pdf of the
report and an associated EXCEL spreadsheet so I do not repeat most of the
information in the report.
The report was written in 1975 but as far as I can tell there have been no
subsequent discussions of the ideas presented, at least not in the general
technical literature. I've had a copy of the report for many years but I'd not
evaluated the merit their idea. Their basic premise is that one can use
experimental measurements of conductivity (σ) and relative permittivity (Er) of
soil at a particular location, taken over a wide range of frequencies, to generate
universal graphs for σ and Er which can be applied to any soil with some scaling
and/or frequency shifting. Given a set of measurements taken at another
location over a more limited range of frequencies, the characteristics of that soil
can be predicted for a wider range of frequencies using the "universal graphs".
Recently I wrote an article for QEX on measuring soil electrical characteristics
using a low dipole. This technique works but it's only for a small range around a
single frequency. Changing the test frequency significantly requires a new dipole
to be erected. For low frequency measurements, say 160m, the dipole becomes
quite long. It would be nice if the measurement could be made at 14 MHz where
a dipole is only 30' or so long and then the L&S graphs can used to predict the soil
constants at 1.8 MHz for example.
L&S graphs
As a first step I graphed L&S equations as shown in figures 1 and 2, where σo is
the low frequency value for conductivity.
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Figure 1 - Universal graph for relative permittivity (Er).

Figure 2 - Universal graph for conductivity (σ).
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King and Smith data
In their book Antennas in Matter[2], King and Smith (K&S) have a very nice pair of
graphs for σ and Er over a wide range of frequencies reproduced in figure 3.

Figure 3 - Graphs from King and Smith.
Figures 4 and 5 compare the K&S data to the L&S graphs. Frequency scaling of
F=0.62 was used for both L&S graphs, along with amplitude scaling of 1.5X for the
σ graph. The correspondence is very good especially considering that the L&S and
K&S graphs represent two entirely different sets of experimental data.
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Figure 4 - King and Smith relative permittivity (Er) data

Figure 5 - King and Smith conductivity (σ) data.
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N6LF soil data
The close correspondence between the K&S and L&S data was encouraging but
it's possible that's a coincidence. So I went to my notebooks and extracted four
sets of soil measurements I'd made in the past.
The data sets are labeled:
1) Saginaw
2) Antenna hill
3) Rose garden
4) Back door
Figures 6 through 9 compare scaled L&S graphs to my data.

Figure 6 - Er
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Figure 7 - Er

Figure 8 - σ
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Figure 9 - σ
Once again the correlation looks very good!
Summary
At least for these five test cases the L&S graphs seem to work very well. I am
uneasy however, having to arbitrarily fiddle-diddle the frequency and amplitude
scaling seems really flaky. I found that it took some effort to get really good
matches and it was possible to find so-so matches with quite different scaling
factors. In addition I don't think this approach works well at all for single
frequency data points. Even L&S comment that several data points are needed.
Other possible graphs
Besides σ and Er, these the data points in these universal graphs can be plotted in
other ways which give some insight to how soil behaves over wide ranges of
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frequency. For example, figure 10 shows a typical graph for skin depth in soil as a
function of frequency for two values of σ and four values of Er. While technically
correct we now know that neither σ nor Er is constant with frequency so the chart
is at best misleading.

Figure 10 - Skin depth versus frequency
It is often convenient to use the loss tangent or dissipation factor D:

We can express skin depth as:
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c=speed of light and D=loss tangent.
We can insert the values from figures 1 and 2 into this equation and generate a
graph for δ as shown in figure 11.

Figure 11 - Skin depth versus frequency using L&S data.
The trendline shows skin depth in real soils varying very nearly as 1/√f, quite
different from what we see in figure 10. 1/√f is how δ varies in a metal! For a
good conductor:

This is a bit of a surprise since the behavior σ and Er are very different in soil from
a good conductor. In soil the dispersion is very pronounced. The skin depths
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shown are for two completely different sets of measurements and checks using
other data sets show a very similar relationship. If indeed this behavior is
characteristic of most soils we can exploit it by taking a measurement of soil
characteristics at one frequency to predict the skin depth at another even when
the frequencies are well separated. This is worth looking into further.
When designing radial systems or grid ground screens, the impedance of the soil
is often needed. The impedance of a material (Z) is defined as the ratio of the E
field to the H-field (E/H).
In free space:

In a lossy dielectric like soil the impedance (Zg) is complex:

We can simplify this equation by rearranging it and using equations and the
definition for the dissipation factor or loss tangent (D):

For our purposes it is more convenient to express Zg in the series impedance
form:
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Where:

A graph for |Zg| using the data in figures 1 and 2 is shown in figure 12.

Figure 12 - |Zg| versus frequency using L&S data points.
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A graph of D versus frequency is shown in figure 13. Ground loss will be a
maximum for D=1. From figure 13 we see that D=1 tends to fall between 160m
and 10m, i.e. the HF band!

Figure 13 - D versus frequency using L&S data points.
Another item sometimes of interest is the ratio of the wavelength in soil to the
wavelength in free space at a given frequency (λs/λo). For reasonable accuracy
using NEC modeling there are minimum and maximum limits on the length of
the segments. Because the wavelength in soil is much shorter than in air the
segments for those parts of the antenna which are within the soil must also be
shorter than they would be in air or free space.
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In air or free space the wavelength (λo) is given by:
[m]

The wavelength in soil (λs):

A graph using the L&S data points is shown in figure 14.

Figure 14 - λs/λo versus frequency using L&S data points.
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