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Abstract: - An experiment is proposed to observe equipotential lines in a complex circuitry using a specific probe. The
map of equipotential lines is built sweeping the probe across the circuitry. To validate this approach, an experimental
ground plane has been analyzed. Measured results have been faced to a rigorous electromagnetic simulation made with
a commercial software based on Maxwell’s equations. The equipotential lines observed on the ground plane are similar
to those calculated numerically.
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1   Introduction
One of the problematic in Electromagnetic Compatibility
(EMC) concerns common-impedance coupling [1].
Conventionally, a ground plane is considered like an
equipotential surface. The reality is that all conductors
have a certain amount of impedance. Consequently a
current passing in that ground will cause differences of
potential due to the voltage induced through this
impedance. This phenomenon is at the origin of coupling
that appears sometimes between two systems connected
to the ground. One of the challenge of the EMC is to
minimize those effects [2]. We propose an experiment to
visualize equipotential lines in a complex circuitry
moving manually a probe. This phenomenon is delicate
to measure because the differences of potential expected
are very small and the measuring device can cause
interference in the repartition of equipotential lines.
Those are the reasons for which the experimental
observations have been compared to an electromagnetic
numerical simulation with a commercial software based
on a rigorous resolution of Maxwell’s equations. As it
will be shown in this paper, experimental and theoretical
results are in good accuracy.

2   Numerical simulation of equipotential
lines
Consider a ground plane where slots have been reported
to reproduce the irregularities that usually appear in the
realization of a printed circuitry. It is fed at two points A
and B with a low frequency generator (see Fig.1). A
current is induced on the metallic surface and differences
of potentials appear on the ground plane since the
resistivity of the metal is not null. In particular, the
Ohm’s law is verified :

where J is the induced current, E the electric field and σ
the conductivity of the metal.

Fig.1 : generation of equipotential lines on a ground plane

From the electric field, the potential at any point M on
the ground plane is obtained from the following
integral :

with V(B) = 0.
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Using an electromagnetic software based on a rigorous
resolution of Maxwell’s equations, one can determinate
numerically the equipotential lines on the ground plane.

Fig.2 : calculation of potentials from the current
simulated by the software IE3D

Fig.2 shows the procedure followed with Zeland
software IE3D, a simulator designed for planar
structures. First, the geometry is described as a metallic
surface with the characteristics of the metal. In
particular, the Ohm’s law is modeled by a surface
impedance taking in account the skin effect. The ground
plane is meshed in polygons. Moreover, a source is
defined by a differential port which sets a voltage drop

between the points A et B. Then the simulator calculates
the current on each polygon. The solution is stored in a
data file from which the potential on the ground plane
can be deduced by a numerical integration.

3   Description of the experimental device
To detect equipotential lines, we propose to sweep the
surface of the ground plane with a specific probe (see
Fig.3).

Fig.3 : experimental device to visualize equipotential lines
on a ground plane

The probe is designed to collect a difference of potential
between two points of the ground plane (see Fig.4). The
points of the probe are made with a bunched cable to
cancel the voltage that could be induced by the magnetic
field present above the ground plane. The difference of
potential expected from the ends of the points is very
small (< 10 µV). Different electronic modules are
necessary to make the signal perceptible. First a
transformer amplifies the detected voltage. Then a
resonant LC cell filters frequency noise notably the
disturbance linked to the electric grid and two modules
of amplification bring a gain of 40 to 60 dB. The power
supply is provided with batteries for reasons of stability
but also to decouple the probe with the circuitry. Finally
the operator detects an equipotential line searching a
minimum of the sound emitted by a speaker. This
measuring device has been chosen because it is
necessarily neutral. Indeed, we are sure that the acoustic
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wave emitted by a speaker does not disturb the
electromagnetic phenomenon we want to analyse. The
probe is embedded in an insulating material so that the
hand of the operator does not cause any interference.

Fig.4 : electronic modules of the probe

Moreover, the excitation of the ground plane can be
improved. Indeed, the load that represents the ground
plane has an impedance near zero. When we feed
directly the ground plane, the voltage induced between
the points A and B is very small :

with zground << 1 Ω

A better matching is obtained adding a transformer with
a ratio primary to secondary equal to n. The dynamic is
increased by a factor n² :

A transformer has been designed with n equal to 30.
Consequently, a gain of 60 dB is obtained without
adding any noise.

4   Comparison between simulated and
measured equipotential lines
A ground plane has been realized with a sheet of
aluminum. The dimensions are 30 cm x 20 cm and the
thickness is 12 µm. The electrical conductivity σ of
aluminum is 2/3 the one of copper that is to say about
3,7 x 107 S/m. With a low frequency generator, we apply
a sinusoidal voltage of 5 kHz.
At the top of Fig. 5 are reported the equipotential lines
measured moving the probe step by step on the ground

plane. Otherwise, the problem has been simulated with
the commercial software IE3D. Numerical results are
given at the bottom of Fig. 5. The simulated
equipotential lines are in good correlation with those
measured.

Fig. 5 : simulated equipotential lines using the software IE3D
and measured equipotential lines using the probe

5   Conclusion
An experiment is proposed to observe equipotential lines
in a complex circuitry. The measure realized with a sheet
of aluminum is in a good accuracy with the result
simulated by a commercial software based on a rigorous
resolution of Maxwell’s equations. This experiment
enables to better apprehend the problem of common-
impedance coupling and can be used to minimize its
effects in any circuitry.
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