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Exercise 2: Equipotential surfaces and electric field lines
Purpose: to understand how equipotential contours relate to electric field lines. You will also learn to
quantitatively estimate the magnitude and direction of an electric field from voltage measurements.

Introduction
Coulomb’s Law describes the magnitude of the electrostatic force that exists between two
charged particles (a and b)
𝐹⃗

=

1 𝑞 𝑞
4𝜋𝜀 𝑟

where 𝐹⃗ is the force exerted by particle a on particle b. The charges are 𝑞 and 𝑞 , and the distance
between the two charges is 𝑟.
Another way to describe the interaction of the two charged particles is to utilize the concept of
a field. We say that particle a generates an electric field with magnitude,
1 𝑞
𝐸⃗ =
4𝜋𝜀 𝑟
This field from point a exerts a force on particle b
𝐹⃗

= 𝑞 𝐸⃗

The electric field vector points in the same direction as the force on a positively charged particle,
and in the opposite direction as the force on a negatively charged particle. If more than one charge
produces an electric field, the principle of superposition is applied and all of the individual electric field
vectors are added to produce the resultant electric field vector.
In the absence of any external forces, a charged particle in a region of space where an electric
field exists will spontaneously move in such a fashion as to decrease its electric potential energy.
Electric potential energy 𝑈 per unit charge 𝑞,
𝑉=

𝑈
𝑞

which is called the electric potential (V). It has units of joules/coulomb, which are called volts. Since
there is no absolute frame of reference for any type of potential energy, there is no absolute frame of
reference for electric potential, and we always work with changes in potential (V) rather than with
absolute potential values. Electric potential is a scalar because energy and charge are both scalars.
As one would expect, there exists a relationship between electric potential changes and electric
field. The electric field is related to the negative of the gradient of the electric potential,
𝐸⃗ = −∇𝑉 = −
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We are going to draw two electrodes with conducting ink on graphite impregnated paper. The
two electrodes on the conducting paper will be connected to a DC power supply that will maintain a
potential difference between the two electrodes. This will drive a current through the graphite paper

PHYS 2053
between the electrodes. This paper conducts electricity. An electric field will exist in three dimensions
surrounding the electrodes, not just in the conducting paper. However, we can only measure
differences in potential associated with the field in the conducting paper, not in the surrounding air.
The measurement of electric potential with most voltmeters requires that a small amount of current
pass through the meter. Since air does not conduct electricity, we cannot determine potential
differences in the air above and below the electrodes with a voltmeter. We will measure the
distribution of potential values in the two-dimensional space of the paper. The distribution of potentials
will be described using equipotential contour lines, and the electric field will be calculated from the
gradients in potential and plotted as vectors.

Laboratory assignment
Part 1: Field of a physical dipole
1. Using the silver pen, draw a circle (approximately 1 cm in radius) around the 4th or 5th grid
mark above at the bottom center of the carbon paper page.
2. Use the silver pen to draw another circle of the same size around the 4th or 5th grid mark below
the top center of the page.
3. On the white paper grids provided, carefully draw (using pen or pencil) the same circles and
lines at the same positions as they appear on the black carbon paper.
4. Connect the positive (+) terminal (red jack) of the power supply to the top silver circle using the
given tac and electrode.
5. Adjust the current knob on the power supply to the 12 o’clock position (half-way between
minimum and maximum). Then turn the power supply on and adjust the voltage control knob to
approximately 5V as read on the voltmeter on the front of the power supply.
6. Connect the negative (-) terminal (black jack) to the bottom silver circle.
7. Plug the negative/common/ground jack from the multimeter into the power supply's
negative/ground terminal.
8. Turn the multimeter to the 20V DC setting and place the multimeter's positive probe on the top
circle. Readjust the voltage knob until the voltage difference is between 4.9V and 5.1V as read
by the multimeter.
9. Check your silver circles to make sure they are approximately constant voltage, and that no
hidden breaks are adding resistance to your drawings.
10. Test the resistive/conductive properties of the paper by touching the positive probe to the
carbon paper at a few random points. The voltage readings on the multimeter should be
between zero and the maximum value from the power supply.
11. Using the probe find a point on the carbon paper that gives a voltage of approximately 0.50V.
Mark this point on the white grid paper.
12. Now move the probe 1–2 cm away from the point you just located and search for another point
on the carbon paper that gives a similar reading. Mark this point on the white grid paper.
Continue doing this same process until you run out of room on the paper or run into your
previous points.
13. Connect these points with a lightly drawn smooth line.
14. Repeat steps 10-12 for 1.00V, 1.50V, 2.00V, 2.50V, 3.00V, 3.50V, 4.00V, and 4.50V.
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15. Each electrode is also an equipotential. Draw the electric field lines associated with the
equipotential lines on the white grid paper by following the rules for field lines.
16. Paste an image of your electric-field-line drawing in the space below (include labeled points
from step 23).

Part 2: Field lines from a constant potential line segment and pole
17. Using the silver pen, draw a horizontal rectangle (approximately 1 cm in width and about 15 cm
in length) around grid marks located about 4 or 5 grid marks above the bottom of the page and
horizontally centered.
18. Use the silver pen to draw a circle (1 cm radius) around the 4th or 5th grid mark below the top
center of the page.
19. Tac the positive electrode to the rectangle and the negative electrode to the circle.
20. On a new white paper grid, carefully draw (using pen or pencil) the same geometric objects at
the same positions as they appear on the black carbon paper.
21. Repeat steps 5-15 for this geometry, which will result in a new set of equipotential lines and
field lines.
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22. Paste an image of your electric-field-line drawing in the space below (include labeled points
from step 23).

Part 3: Analysis
23. Pick 5 locations in different regions on each electric field map. Make sure that each point is
midway between two equipotential surfaces. Calculate the approximate values of the electric
field using the equation
∆𝐸⃗ ≈

∆𝑉
∆ℓ

Table I: Approximated magnitude of the electric field at specified points on the electric field map
𝐸 (V/cm)
Map 1
Map 2

𝐸 (V/cm)

𝐸 (V/cm)

𝐸 (V/cm)

𝐸 (V/cm)

PHYS 2053
24. Write a short conclusion based on your electric field maps and calculations of the magnitude of
the electric field (also include some general observations about where the electric field tends to
be largest and smallest).
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
____________________________________________________________________________________.
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Equipment list: carbon paper, white grid paper, silver pen, DC voltage supply, multimeter, banana cords
(3), positive meter probe, ruler.

Fig. 1: Two circular objects (part 1) connected to a power supply by alligator clips at the page edges.

