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Ph 2306
Experiment 4: Mapping Electric Equipotentials
Objective
To understand the electric equipotential distribution around conductors.

Required background reading
Young and Freedman, section 23.4, 23.5, 22.5

Introduction
In the case of known charge distributions, calculating the electric potential at all points in
space is a relatively straightforward if not necessarily simple procedure. In general,
determining the same for configurations of conductors is not. The surface of each
conductor must be an equipotential – if it isn't, currents flow until it is. If a conductor has
an irregular shape the final charge distribution is not easily determined.
In this session you will use an experimental method to help you visualize equipotentials
for some symmetric and non-symmetric configurations of conductors. You will then use
your electric potential measurements to estimate the associated electric fields.
This lab has two major objectives:
1) Measure the equipotential lines for different two-dimensional configurations of
conductors.
2) Use the measured equipotential lines to determine the electric field line distributions
and the absolute electric field magnitude around the conductors.
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Name___________________ ID number________________________
Lab CRN________________ Lab instructor_____________________

Ph 2306 Experiment 4
Prelab assignment (separate out these 2 pages, complete and turn in at the
beginning of your lab session)
1. a) Draw equipotential lines near the positive and negative charges below with
dashed lines.
b)
Draw solid electric field lines based on the fact that they are perpendicular to the
equipotential lines at every point. Include arrows on the electric field lines to indicate
their direction (since they represent vectors at each location).
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2.
Assume that you have a configuration of conductors with varying electric
potentials applied to each, such as you will be dealing with in this lab. You make the
following measurements of the values of the electric potential at different points in a twodimensional grid:
X = 0.0 cm Y = 0.0 cm
X = 2.0 cm Y = 0.0 cm
X = 0.0 cm Y = 2.0 cm

V = 2.0 volts
V = 2.25 volts
V = 2.0 volts

What are the values of the x and y components of the electric field at the origin (Ex
and Ey at (x,y) = (0,0))? Express the results in SI units. For help on doing this problem,
read question 1-6 in this lab writeup.

3.
What is true about the direction of the electric field just outside the surface of a
conductor?
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Equipment
You will use the following equipment:
•
•
•
•
•
•

Two multimeters (20 V range; the multimeters should be on the V~ (“AC”) setting)
AC power source
Tray for field plot
Brass bars, ring
2 L-shaped rods
patch cables

Investigation 1: Measuring Equipotential Lines
Apparatus set-up:
It is difficult in practice to map equipotentials in free space, so we will use a 2dimensional analogue, a shallow layer of water which is really a "circuit"; currents flow
in the water when a source of emf ("power supply") provides a potential difference. The
experimental arrangement is shown below. The conducting electrodes are immersed in
water. You will map equipotential lines around several different shapes of conducting
electrodes; the patterns will correspond to what you get in free space if the shapes are
cross sections of conductors which extend out from and into the plane of the water for a
long distance. Equipotential lines are traced in the water by looking for a set of points at
the same potential, as measured by a voltmeter.
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Check that the circuit is connected as shown above. If it does not look correct, make the
proper connections and have your instructor check them. Multimeter 2 (DMM2) will be
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used to measure the potential across the two conductors; it has leads that are connected to
each of the two conductors. Multimeter 1 (DMM1) is used to measure the potential at
points of interest; it has one lead connected to a probe that allows you to measure the
electric potential at different points in the tray.
•
Put no less than 1/4" of tap water in the tray (unless it already has water in it from
the previous session).
•
Place the brass electrode bars in the tray with their inside edges at x = +15 cm and
-15 cm, as shown in the next figure. Check that the bars are centered in the y direction.
Keep leads to the bars out of the water. It is best to arrange the wiring so that the leads
feed from the rear of the tray.
•
Set both multimeter function switches to AC volts (V~ setting) and the ranges to
20.
•
Adjust the power supply until DMM2 reads 4.00. The power supply may take a
few minutes to warm up and deliver a steady voltage. Rest the probe on the brass bar B
and read DMM1. It should read the same as DMM2 within ±0.08 V. You may have to
push or scratch a little on the electrode to make good electrical contact. Set the probe on
bar A. DMM1 should read 0.00. If it reads more than 0.08 V, something is wrong with
the circuit or the meter. Check and, if necessary, seek help.

Prediction 1-1: In the set-up above, the bar on the right (at x = +15 cm) will be at +4.0
V, while the bar on the left (at x=-15 cm) will be at 0 V. What do you expect the voltage
in the center (x=y=0) to be?

Place the probe at x = 0, y = 0; that is, put it symmetrically between the bars. The meter
should now read the value you predicted in Question 1-1, if the tray is level (if you aren’t
sure of the correct answer to question 1-1, consult your instructor). If not, first make sure
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that the water is sufficiently deep (at least ¼”). Then use the following procedure to level
the tray.
Tray leveling procedure:
√
Adjust the leveling screws L1 and L2 at the front of the tray (see drawing on
page 4) until DMM1 reads 2.00 V.
√
Move the brass bars parallel to the x axis, centered left to right and with the inside
edges at y = ±10 cm. With the probe at x = 0, y = 0, adjust leveling screw L3 at the back
edge of the tray until DMM1 reads 2.00 V.
√
Reposition the brass bars to x = ±15 cm as before and check that DMM1 still
reads 2.00 V at the tray center. If it is different by more than 0.04 V, repeat the preceding
steps.

Activity 1-1: Measuring equipotential lines for parallel wires
Remove the brass bars from the tray. Clamp the two L-shaped rods in the rod holders
located at the left and right sides of the tray so that their short ends reach down to the
bottom of the tank at positions x =±10 cm, y = 0 (see the picture below). Hook the
electrical leads that were previously connected to the brass bars to the electrical
receptacles on the rod holders. This configuration will give the potential for two long
wires intersecting the tray at x = ±10 cm.

Check that DMM2 reads 4.00 V. Adjust the power supply as required.
The next page of this lab is a scaled-down piece of graph paper that looks like the one in
the bottom of your tray. You will use it to plot your equipotentials. Draw dots at the
place where the rods intersect the tray on your graph paper.
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Place the probe vertically, at x = 0, y = 0 (the tray center). It should read close to 2.00 V.
Move it in the ±x direction until it reads precisely 2.00 V. Plot this position on your
graph. Move the probe to y = 2 cm. Move it back and forth in the x-direction until the
meter again reads 2.00 V. Plot this point also on your drawing. Do not write down
coordinates for later plotting; it takes up too much time! Move about 2 cm to a new
value of y and continue mapping out the 2.00 V contour (about 7–10 points ). Make
measurements above and below the rods to the edge of the graph paper mounted in the
tray. Neatly connect these points on your scale drawing by a smooth curve. You have
drawn the 2.0 V equipotential line. Label it with its voltage. It should be approximately
on the y-axis.
Keeping DMM2 at 4.0 V, measure equipotential lines for voltages of 1.75, 1.50, 1.25,
1.00, and 0.75 V, marking 7-10 points per line. Label the voltage on each line. As you
are tracing out your equipotential lines, remember to check the 4.00 V setting
occasionally by consulting DMM2. If it drifts from 4.00 V by more than 0.08 V, then
you should readjust the power supply to bring it back into range.

Question 1-2:
From symmetry you should be able to derive the 2.25, 2.5, 2.75, 3.0 and 3.25 V
equipotential lines. Draw them on your graph as continuous lines and label them with the
voltage. For each of the lines, measure 1 point along the line and it with a dot; next to
each dot write down the number of the voltage you actually measure at that point.
You will now use your measured equipotential lines to determine the distribution of
electric field lines.

Question 1-3:
What is the relationship between equipotential surfaces and electric field lines?

Question 1-4:
What is true about the electric field just outside the surface of a conductor?

Question 1-5:
Use your answer to questions 1-3 and 1-4 as a guide to help you draw the electric field
lines. On the graph sketch the lines of electric field, using a different color pencil (or a
dashed line) to distinguish the electric field lines from the equipotential lines. Draw
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arrows on the electric field lines to indicate their direction (since they represent a vector
at each location). Draw at least 10 electric field lines on the graph.

Question 1-6:
In addition to determining the electric field directions (question 1-5), you can also use
your measured electric potentials to compute the magnitude of the electric field at a given
location. From your measurements calculate the x and y components of the electric field
at the origin of the coordinates (x,y) = (0,0). Since you took data only in large steps of
voltage you can do this only roughly. To estimate the partial derivatives, use the
approximation:
∂V ∂V
ΔV ΔV
(Ex, Ey) = –(
,
)≈ –(
,
)
∂x ∂y
Δx Δy
Indicate clearly (with circles around the points) which measurements on the graph you
use in your estimate and show your calculations. (Hints: For the derivative with respect
to x, you should choose points with y constant. For the derivative with respect to y, you
should choose points with x constant. For each calculation you will need to choose two
of your measured points that are as near as possible to the origin.) Your final result
should be expressed in SI units.
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Activity 1-2: Measuring equipotential lines for a conducting cylinder
between parallel plates
Remove the L-shaped rods. Place the brass bars at x = ± 10 cm and centered about the xaxis and reconnect to their electrical connections. Place the ring centered at the origin,
midway between the plates. Make no electrical connections to the ring itself.

Prediction 1-7:
What do you expect the electric field inside the closed conducting ring to be? (recall
what you learned in class or the textbook about the electric field inside a closed
conducting box)

Prediction 1-8:
Based on your answer to question 1-7, how do you expect the electric potential inside the
closed conducting ring to behave?

Now you will map out electric equipotentials for this configuration. Draw the conductors
to scale on a new sheet of graph paper (on the next page). Trace out equipotentials of
0.5, 1.0, 1.5, and 2.0 V, making 7-10 measurements for each equipotential as before.
Label each equipotential with its voltage. Also measure the potential at several points on
the brass ring and inside it and label them on your half-scale paper.

Question 1-9:
From symmetry you should be able to derive the 2.5, 3.0, 3.5 V equipotential lines. Draw
them on your graph as continuous lines and label them with the voltage. For each of the
lines, measure 1 point along the line and mark it with a dot; next to each dot write down
the number of the voltage you actually measure at that point.

Question 1-10:
Draw the electric field lines onto this plot (like you did for the other configuration in
question 1-5). On the graph sketch the lines of electric field, using a different color
pencil (or a dashed line) to distinguish the electric field lines from the equipotential lines.
Draw arrows on the electric field lines to indicate their direction (since they represent a
vector at each location). Draw at least 10 electric field lines on the graph.
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Question 1-11:
Based on the data you took for the electric potential inside the conducting ring, what do
you conclude about the magnitude of the electric field inside the brass ring? Why?

After you are done with your measurements, please turn off the two battery-powered
multimeters. Also, please turn off the power supply and tidy up the experimental area for
the next group. (10 minutes before the end, skip to the problem at the end; if there
are “ties” in the rankings then put the answers on the same line).
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