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Mapping Electric Potential and Electric Field
Distribution in Saltwater and Investigating the

Effect of Distance from Source
Aadarsh Kumar, Steven Perkins, Nareshsanjay Muthukumar, Henry Villaseñor, and Anirudh Khanna

Abstract—When two opposite point charges are placed near
each other, the equipotentials of the system are roughly circular
around the charges, roughly linear in between the charges,
increase in magnitude closer to the positive point charge, and run
perpendicular to the electric field lines between the two charges.
To simulate two point charges near each other in a conductive
medium and test if this hypothesis is true, we placed two leads
in saltwater and measured the voltage at a predetermined set of
points. Our results confirmed the hypothesis, showing a gradual
decrease in electric potential with distance and the formation of
consistent equipotential lines. This experiment demonstrates how
the principles of electric fields and conservation of energy apply
in a physical system, providing a hands-on understanding of how
electric potential behaves in different regions of space.

Index Terms—equipotential, electric field, mapping

I. INTRODUCTION

ELECTRIC POTENTIAL, the ability of an electric field
to do work on a charge, is a fundamental concept

in electromagnetism [1] with applications in fields such as
electronics, telecommunications and biomedical devices. In
this experiment, we explored the distribution of electric po-
tential around conducting wire configurations submerged in
a saltwater solution, with the goal of mapping equipotential
lines. We hypothesized that the electric potential and its rate
of change would decrease as the distance from the source
increased, creating distinct equipotential regions. Using a
polypropylene container filled with saltwater, a power supply,
and a multimeter, we measured the voltage at various points
on a coordinate grid to construct a two dimensional (2D) map
of the potential.

II. METHODS AND MATERIALS

The procedure involved the following materials: a 3-cup
polypropylene food container (EasyFind; Rubbermaid; At-
lanta, GA), two wires with alligator clips (designated as
positive and negative), two bolts, an 830B Multifunctional
LCD Digital Multimeter with probes, a Lab Volt 197P power
supply, graph paper, and a marker. The experimental setup
included placing the polypropylene container on a flat surface
with the two bolts connected to the negative lead of the
power supply, serving as the reference points for potential
measurements. The container was filled to a depth of 1 cm
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Fig. 1. The experimental setup consisted of a small polypropylene container
containing a saline solution, positive and negative electrodes, and a grid
marking the 6 × 3 array of test points to be measured. The system was
energized with a Labvolt 197P power supply set to 3.7V. Measurements of
the potential between each point and the negative electrode were made using
a digital multimeter.

with a weak saline solution consisting of tap water with a
pinch of sea salt.

To measure electric potentials, a 6×3 grid array representing
18 measurement points was established beneath the container’s
surface. The grid’s coordinates were defined such that the y-
axis corresponded to three rows of dots, spaced 2.25 cm apart,
with y = 0 defined at the row nearest the positive lead. The
x-axis was marked by six columns of dots, spaced 1 cm apart,
with x = 0 at the leftmost column of the grid. For each
measurement, the positive lead of the multimeter was placed
at the desired measurement point, and the negative lead was
connected to the bolt.

Voltage measurements were taken at each grid point,
and from these measurements, equipotential lines were con-
structed. These lines were plotted using MATLAB (Math-
works; Natick, MA) via the countour() command, and the
electric field was derived from the negative gradient of the
potential via the gradient() and quiver() commands.
The MATLAB code used for this analysis can be provided
upon request.
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TABLE I
POTENTIAL MEASUREMENTS AT EACH TEST POINT, IN V

x (cm)
y (cm) 0 1 2 3 4 5

0 3.11 3.21 3.60 3.70 3.68 3.50
2.25 2.65 2.70 2.75 2.80 2.65 2.70
4.5 2.30 2.25 2.00 2.10 2.22 2.40

Fig. 2. Results of Table I plotted. Positive electrode shown as green dot
(bottom); negative electrode shown as blue dot (top). Equipotential lines
labeled with the potential value in V; electric field lines shown as red arrows.

III. RESULTS

The potential measurements at each test point are shown in
Table I and Fig. 2. Fig. 2 also shows the resulting equipotential
curves and the electric field.

IV. DISCUSSION

Based on our mapped equipotentials, our measured voltages
decreased as the locations at which they were measured
were farther away from the source positive electrode. This
means that as we moved away from the source, the potential
decreased. These results are to be expected because of what we
can determine about electric field from Fig. 2. Equipotentials
appear linearly distributed along the midline path from positive
to negative electrode, as expected.

When equipotential lines are closer together, the magnitude
of the electric field in said region is greater than if the
equipotential lines are farther apart. In Fig. 2, as we moved
farther away from the midline path, the equipotential lines are
farther away from each other. Thus, we can determine that
the magnitude of the electric field decreases as we get farther
away from the source.

We can determine the behavior of the rate of change of
potential using the relationship between electric field and
potential [1], [2].

E⃗ = −∇⃗ϕ, (1)

= −∂V

∂x
x̂− ∂V

∂y
ŷ − ∂V

∂z
ẑ. (2)

We can conclude from (2) that the rate of change of potential
decreases as we move farther away from the source. These
results support our hypothesis, and affirm the principles of
electromagnetism we wanted to test through this experiment.

V. CONCLUSION

Our procedure supports our hypothesis that the electric po-
tential will decrease as the distance from the source increases,
creating observable equipotential regions. The experiment pro-
cedures are sufficient to demonstrate accurate measurements.
The results could have been improved to have more precision
by using a tub with precise divots at the coordinate points and
having a more controlled salinity. Precise divots would allow
measurements to be made at the exact points needed for the
experiment, reducing the chance of human error and missing
the desired coordinate. Because conductivity increases with
salinity, using a controlled amount of salt and using the TEOS-
10 function [3] to determine the conductivity our solution
would allow more informed and more accurate results. Con-
founding variables like unstable hand movement, movement of
the water, and contaminants in the water reducing conductivity
may have altered our results. Further studies could explore
different electrode configurations and conductance conditions
to deepen the scientific community’s understanding of electric
fields in various mediums.
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