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ABSTRACT

The effect of small ground planes on the response of a 9 mm conical monopole
electric field sensor was studied experimentally for fields incident from various angles
to the ground plane. This short study was undertaken to investigate the
consequences of ground plane diffraction for 200 mm, 400 mm, and 600 mm
diameter ground planes. These diameters are typical of those used for practical
measurements. Qualitative assessments are made of the effects on the shape and
amplitude of the measured pulse and the implications for practical electric field
measurements.
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The Effect of Small Ground Planes on 9 mm Conical
Monopole D-Dot Sensor Response

EXECUTIVE SUMMARY

The effect of small ground planes on the response of a 9 mm conical monopole
electric field sensor is studied experimentally. These field sensors are used
extensively in the DSTO Wideband Test Facility for measuring ultrawideband fields
scattered from or coupled into targets of military interest. For most applications, the
field probes are either mounted on a very large ground plane or are aligned so that the
incident field is normal to the ground plane of the probe. In both these instances
diffractive effects from the edge of the ground plane are negligible. However,
occasionally fields with arbitrary angles of incidence must be measured using field
sensors mounted on small ground planes. In this short study, diffractive effects of
small ground planes on the field sensor response are assessed qualitatively, together
with the implications for practical measurements.
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1. Introduction

The conical D-dot sensor described by Parkes and Smith [1] and shown in Figure 1.1
is used for transient electromagnetic field measurements in the DSTO Wideband Test
Facility. Ideally, the sensor is mounted on an infinite ground plane, and its
characteristics for this case have been studied extensively by Staines and
Braidwood [2].

Conical monopole

Circular ground plane

p,0.5 rnun7

Female SMA bulkhead connector

Figure 1.1: Conical D-dot sensor.

For most of the experiments planned for the Wideband Test Facility, the D-dot
sensors will be mounted on a large ground plane 10 m long and 6 m wide which is
infinite for practical purposes. Where small ground planes must be used with these
sensors, the electric field will be approximately normal to the ground plane. In both
of these situations, diffraction from the edge of the ground plane will be negligible.
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However, there are occasional uses for D-dot sensors mounted on small ground
planes where the electric field will not in general be normal to the ground plane. Field
measurements inside irregular cavities are a typical example. The objective of this
short empirical study was to observe the effect of three different sized ground planes
on the response of a 9 mm conical D-dot probe when measuring fields with arbitrary
angles of incidence. This was done by illuminating the D-dot sensor, with a number
of different sized ground planes attached, with a 150 ps ultrawideband (UWB) pulse
at a range of approximately 10 m. The effect of the finite ground plane on the
response of the D-dot sensor for various angles of incidence of the electric field was
measured.

The outcome of this study was insight into the validity of the field measurements
obtained using small ground planes. In terms of the DSTO programme, the limited
use of D-dot sensors on small ground planes for electric fields not perpendicular to
the ground plane did not justify theoretical or more detailed experimental
investigation.

2. Finite ground plane experiments

2.1 Experimental setup

A schematic diagram of the experimental setup is shown in Figure 2.1. As can be seen
a 9 mm conical D-dot sensor mounted on a finite ground plane was placed
approximately 10 m on boresight from a UK DRA designed TEM "kipper" antenna.
Along axis these antennas have been shown to radiate an electric far-field
proportional to the derivative of the driving pulse waveform [1].

Three different circular ground planes with diameters of 200 mm, 400 mm and
600 mm were used with the sensor. In the case of the 200 mm and 400 mm ground
planes both the sensor and antenna were positioned atop masts approximately 4 m
above ground level. Due to the excessive weight of the 600 mm ground plane the
sensor had to be fixed on a tripod only 1 m above the ground with the antenna
likewise positioned.

A Kentech HMP1 pulse generator was used as the source for the antenna. This unit
produced a 3.5 kV, 100 ps rise time step pulse. Figure 2.2 shows the output voltage
waveform from the source. It was triggered externally using a DATAPULSE 100A
pulse generator at a repetition rate of 1 kHz.

2
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Figure 2.1: Plan view of experimental apparatus and setup.
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Figure 2.2: Kentech HMP I output voltage waveform.
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For each different ground plane the sensor was rotated about a horizontal axis
perpendicular to the boresight direction of the antenna. At a number of angles 0 the
voltage received on the sensor was recorded using a Tektronix TDS 820 digitising
oscilloscope housed inside a screened room. Results for both positive angles (ie. where
the conical monopole is on the same side of the ground plane as the antenna) and
negative angles (ie. where the conical monopole is on the opposite side of the ground
plane with respect to the antenna) were collected. Figure 2.3 shows one such typical
voltage measurement.

0 0=0
1.0

0.5

w/
0.0 -- - -

-0.5

-1.0 - - - -- _ ...
0.0 1.0

Time (ns)

Figure 2.3: Measured sensor waveform for 200 mm diameter ground plane.

Note that the probe signals were not corrected for cable losses in these experiments.
While these losses do have a significant effect on the higher frequency components of
the incident pulse, this effect does not influence the qualitative conclusions drawn
from these measurements.

2.2 Results and discussion

The incident electric field Einc for an ideal small conical monopole on an infinite
ground plane is easily related to the received voltage Vrec by [3],

_ 22c f Vrec dt
3a cosO V
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where c is the velocity of light, a = 9 mm is the radius of the cone and 00 = 470 is the
cone half angle (c.f Figure 1.1). For the D-dot sensors used the values for a and 00
were 9 mm and 470 respectively.

Assuming this formula to be valid, the electric fields, at the various angles 0, were
reconstructed from the probe signals. Examples of these results can be seen in
Figures 2.4 - 2.6 for the different ground plane sizes of 200 mm, 400 mm, and
600 mm diameters. Note that these dimensions were typical of ground planes used
for this application.

At 0 = 00 the reconstructed fields, for all three ground planes, are of approximately
the same strength and have the expected Gaussian waveform. However, for angles
other than zero the reconstructed fields vary considerably from the ideal both in shape
and magnitude. In particular, for the ideal sensor both analytical and numerical
calculations predict the strength of the detected field to be simply proportional to
cos 0 [2], [3]. This is definitely not the case for the current data.

The significant strength of the probe signals at negative values of 0 would indicate
that diffraction effects with the finite planes are important. Ideally for an infinite
ground plane (or more realistically a very large finite plane) the incident field should
be zero at those angles.

Note for negative angles of incidence, with the electric field incident from below the
ground plane, the positive peak following the main negative pulse is the reflection
from the trailing end of the ground plane. This reflection occurs at a time t after the
main pulse given by,

t= 2 rgc

C

where rg is the radius of the ground plane and c is the velocity of light. Note that the
magnitude of this reflection is zero for 0 = 0'.

5
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Figure 2.4: Reconstructed electric fields for 200 mm diameter ground plane.
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Figure 2.5: Reconstructed electric fields for 400 mm diameter ground plane.
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Figure 2.6: Reconstructed electric fields for 600 mm diameter ground plane.

The effect of the ground plane size on the reconstructed fields can be gauged in
Figure 2.7, where the peak magnitude of the main pulse has been plotted against 0.
It can be clearly seen that increasing the size of the ground plane reduces the strength
of the diffracted field for the negative angles of incidence. However, this also has the
effect of significantly increasing the signal at positive angles, notably at around 30'
for all cases.

8
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Figure 2.7:- Peak incident electric field as a function of 0 for different sized ground planes.
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3. Conclusions

The present experimental measurements indicate that the response of the D-dot
sensor for electric fields of non-zero angles of incidence to the ground plane is
significantly affected by the use of a small ground plane. Electric fields incident on
the probe from below the ground plane were found to produce reasonably large
voltages on the D-dot probe, as opposed to the case of an infinite ground plane where
obviously no signal would be expected. For electric fields incident from below the
ground plane, increasing the size of the ground plane was found to reduce the D-dot
probe signal. However, electric fields incident from above the ground plane were
consistently overestimated, with the discrepancy from the ideal response
progressively worsening for increasing ground plane size. For electric fields normal to
the ground plane, the D-dot probe response agreed with the ideal case of an infinite
ground plane as expected, since diffractive effects would be negligible.

Therefore, for measurements of electric fields which are expected to be incident along
the ground plane, such as the direct radiation from antennas or scattering from small
targets, the ground plane should be as large as practicable to reduce ground
reflections and other extraneous signals originating from below the target.

The results shown in Figures 2.4 - 2.6 and summarised in Figure 2.7 indicate that for
practical situations where the electric field to be measured is likely to be incident from
large angles either above or below the ground plane, a small ground plane of diameter
200 mm or less is the optimum choice. In this case, the measured probe signal can be
used to approximately determine the magnitude of the electric field within 50% of the
true value for a 200 mm diameter ground plane. Note that the probe does not simply
measure the electric field component normal to the ground plane. This conclusion is
somewhat at odds with common sense which suggests that a large ground plane will
best represent the ideal case of an infinite ground plane in all practical situations.

The predicted shape of the electric field was also found to vary for non-zero angles
of incidence, with the appearance of extra non-physical peaks in the predicted field
waveforms. This effect, combined with the variation in the predicted magnitude of
the incident field at non-zero angles of incidence considerably complicates
interpretation of the D-dot signal under these conditions. Figures 2.4-2.6 indicate
that decreasing the size of the ground plane increases the distortion of the incident
pulse measurement. Therefore, where a small ground plane should be used to most
accurately determine the magnitude of the field, a large ground plane should be used
to determine the shape of the incident field pulse.

10
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This short study has demonstrated that the measurement of electric fields at non-
zero angles of incidence will be unavoidably inaccurate and difficult to interpret using
D-dot sensors on small ground planes, and should be avoided where possible. This
can be done by measuring the field close to conducting surfaces, where the electric
field direction can be readily deduced.
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