
Phys1220 Lab – Electrical potential and 
field lines

Purpose of the experiment:

To  explore  the  relationship  between  electrical  potential  (a  scalar 
quantity) and electric fields (a vector quantity).

Background:

A field is a quantity whose value varies from point to point in space. 
This may be a vector field, in which the quantity being represented is 
a  vector  with  a  magnitude  and  direction.  An  electric  field  is  an 
example. A voltage, or potential difference is an example of a scalar 
field,  where  the  quantity  of  interest  is  represented  by  a  scalar  (a 
number).

We can represent a scalar field by drawing curves through a a set of 
points that have the same value. These lines are called contour lines 
on  a  topographical  map  --in  which  each  line  corresponds  to  an 
elevation--, and equipotential lines in the case of an electric potential.

By knowing the equipotential lines, one can find the electric field by 
knowing the following rules:

1. The E-field lines are always perpendicular to the equipotential 
lines.

2. The magnitude of the field is larger where the equipotential lines 
are closer together (meaning that the “slope” of the potential is 
steeper)



Prelab:

1. In the following potential map with two E-field lines drawn, draw 
several more.

2. Draw  the  equipotential  and  field  lines  for  parallel  conducting 
plates with opposite charges

3. Draw the equipotential and field lines for two point charges with 
equal magnitude and opposite sign that are far from each other.

4. Draw the equipotential and field lines for two point charges with 
equal magnitude and opposite sign that are very close to each 
other (almost in contact) – This configuration is called an electric 
dipole.

5. If you are told that there is a single charge, and you are given a 
potential  map showing several  potential  lines, can you tell  the 
sign of the charge?



Experiment:

Materials:

• Field board
• Poorly conducting paper (PCP)
• Plain white paper
• Carbon paper
• Digital multimeter
• Power supply
• Probes (two taped together)

Figure 1

General Instructions:

Attention must be paid to the following for your lab group and those 
who follow you to get the best results from this experiment:

1. Do not alter the high resistance of the black “Poorly Conducting 
Paper” (PCP) and its grid. Do not write on the PCP with pen or 
pencil.  Use  only  the  metal  probes  to  find  the  points  for  your 
equipotential lines.



2. Do not alter the low resistance of the silvered electrodes on the 
PCP. Do not poke holes in, write on or scratch on the silvered 
electrodes.  When  placing  the  metal  contacts  from  the  power 
supply on the electrodes,  have one member of  your lab team 
raise  the  contacts  while   another  positions  the  paper  packet. 
Dragging the contacts across the paper and the electrodes will 
affect the results of your measurements.

3. The paper packet you will use for the measurement consists of 
three sheets that you will need to assemble: a sheet of PCP on 
top with its silvered electrodes and grid up, a sheet of carbon 
paper with its ink-side down, and a plain sheet of white paper on 
the bottom.

4. Once you have positioned the metal contacts on the electrodes 
of the PCP, do not move them or the paper packet until you have 
completed  all  your  measurements  for  that  particular 
configuration.

5. When making your equipotential measurements, lightly drag the 
probe across the PCP until you get the reading your are looking 
for,  the  press  firmly  to  impress  a  dot  on  your  black  sheet  of 
paper. Do not worry about making and impression or holes in the 
PCP as these will not affect its resistance.

6. Touch the probe only on the solid black areas of the paper as the 
grid marks may affect the resistance of the PCP in that area and 
the positions of your points.

Setup:

1. Set  the  digital  multimeter  (DMM)  to  read  direct  current  (DC) 
voltage. Set the scale to 20 Volts.

2. Set up your paper packet as described in the general instructions 
above  for  the  round  electrodes  and  place  them  on  the  field 
boards (see Figure 1). Then gently lower the metal contacts onto 
the silver electrodes of the PCP.



3. Plug your  circuit  wires  into  the  appropriate  red and black DC 
connections  to the “Power Island”. Turn on your DMM.

Activity 1:

You can find the potential at any point by touching the PCP with the 
positive  probe  of  a  voltmeter  and,  in  this  way,  trace  out  the 
equipotential  lines. The E-field lines can then be obtained from this 
map.

1. Start near one edge of your paper with your probe and find a 
point on the PCP that measures 2.0V. (Note: If the 2.0 contour is 
too close to the contacts or electrodes, you can start with the 
3.0V  contour).  A  reading  within  a  0.05V  error  range  will  be 
considered  accurate  enough.  Using  the  procedures  given  in 
general instructions above, press firmly and plot that point. Find 
enough points at that same potential so you can connect them 
with a smooth continuous line to give you a plot  for  the 2.0V 
equipotential line. This line will be either a closed curve or else it 
will go off the edge of the conducting paper.

2. Repeat  the above step for  at  least  the 4.0V,  6.0V,  8.0V,  and 
10.0V  readings.  Be  sure  to  label  these  values  on  your  white 
paper.

3. When all your points are plotted, remove your paper packet from 
the field board. Lay the white sheet on top of your PCP, and draw 
the  positions  of  the  electrodes.  Indicate  which  electrode  is 
positive and which one is negative (ground).

4. Draw  a  smooth  line  through  each  set  of  equipotential  lines. 
Construct at least 6 E-field lines. Use arrows to clearly show the 
direction of the field lines.

5. Repeat these steps for the parallel plate configuration.



Activity 2:

The  technique  described  next  will  allow  you  to  use  the  voltmeter 
probes to find the direction of the E-field lines by finding the path from 
an electrode that follows the steepest potential difference from point to 
point.

1. Set up a new paper packet for the round electrodes and place it 
on the field board.

2. To  plot  the  field  directly,  neither  lead  of  the  the  voltmeter  is 
connected  to  an  electrode.  Instead,  both  leads  are  used  as 
probes  that  will  be  placed  side  by  side  at  a  set  distance  of 
separation on the PCP. It is best to have the two probed taped 
together for this procedure and your lab instructor may already 
have a set ready for your use (see Figure 2). Remember to touch 
the probes only from the solid black areas of the PCP, and not 
the grids marked on it.

3. Change your voltmeter from the 20V scale to the 2V scale for this 
procedure.

4. To plot  the  field  lines on the  PCP,  place the  voltmeter  probe 
connected to ground near one of the round electrodes. Place the 
other  probe  on  the  PCP  and  note  the  voltmeter  reading,  as 
shown in Figure 2. Now pivot the probe to several new positions 
while keeping the ground probe stationary on the same point and 
without moving. Note the voltmeter readings as you touch the 
PCP  at  each  new  spot.  When  the  potential  difference  is  the 
greatest, press down firmly with both probes.

5. Move the  ground probe to  the  impression made by  the  other 
probe. Repeat the previous step.

6. Repeat the previous procedure until you near the other electrode.

7. Repeat the above procedure to obtain a second and third lines, 
by starting from different positions near the first electrode.



Figure 2



Post-lab:

Q1.  Compare  the  field  lines  obtained  in  Activity  2  with  those  you 
constructed on Activity 1. How do their shapes compare? Indicate and 
compare  the  directions  of  each  field  line.  How  do  their  directions 
compare? 

Q2. If we assume that the two electrodes in our experiment each have 
a static net charge on them that does not change in time, how could 
you use your plot of equipotential lines to determine which electrode is 
more positively charged?

Q3. Suppose you placed an electron (q=−1.60×10−19 C) at a random 
point  on  one of  your equipotential  lines.  How much  work  would  it  
require to push that electron 10 cm, precisely along that equipotential 
line?

Q4. Suppose you instead decide to move a single electron from the 
positive electrode to the other electrode. Does the amount of  work  
required to push the electron depend upon what path you choose to 
go between the two electrodes? Why or why not?


