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Electric Field Mapping   Physics 246 

Theory: 
An electric field is a vector field that is produced by electric charges. The source of 

the field may be a single charge or many charges. To visualize an electric field, we use 
lines of force. The arrows on the lines point in the direction of a force felt by a unit 
positive charge placed into such a field, so that lines of force leave positive charges and 
enter negative ones for simple one charge configurations such as seen in (Figure 1)  

 

   
 

Figure 1: Electric fields of positive and negative charges. 
 

 
.  

Figure 2: Electric Field near two equal charges of opposite sign 
 
If the charge configuration has more than one member as in the configuration in Figure 

2, then the vector properties of the electric field must be considered. Here we see two charges 
of equal magnitude but opposite sign and want to see what would happen to a positive test 
charge introduced into the system. Let’s imagine the test charge is introduced at point B. 
Generally, we must use vector analysis to predict the electric field on the charge. Let E1 be 
the electric field felt by the test charge because of the presence of the positive charge. Let 
E2 be the electric field felt by the test charge due to the negative charge. Here, using vector 
addition, the electric field vector is calculated for this system of charges. The resultant, E, 
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is tangent to the electric field lines, thus the lines can be drawn in by calculating the 
resultant at each point in the diagram and sketching the electric field lines from these 
observed resultant vectors. 

 
To maintain the charge at a specific position in the electric field or move it against the 

field requires an expenditure of energy. The work done to bring a charge from infinity to 
a particular point in the field is called potential energy. It would become kinetic energy if 
the charge were free to move. The electric potential ,V, is the energy per unit charge. 
Lines of equal potential can be used to plot a force field, as lines of force are 
perpendicular to such equipotential lines (Figure 3). This is because when a charge is 
moving along an equipotential line no work is done, and thus the electric field cannot 
have a component in this direction. If potentials can be measured and equipotential lines 
drawn, electric fields can be mapped. (Remember both potential lines and lines of force 
do not actually exist but are simply mental devices for thinking about force fields.) 

 

 
 

Figure 3: Equipotential lines, and lines of force for the field of a positive point 
charge 

 
The procedure below gives details of the apparatus used in this experiment to map out 

equal potential lines, and thus the electric field. Try to anticipate the features of the 
equipotential lines within your group before the experiment is completed. Use the ideas 
presented above to predict the field geometry from the plate geometry. 

 

Experimental Method: 
To study the equipotential lines near a set of charged electrodes surrounded by air (or 

vacuum) is difficult. In this lab we study an equivalent problem: the equipotential lines 
near a set of charged electrodes surrounded by a conducting medium instead. The 
disadvantage of this equivalent system is that current must be constantly supplied to 
replenish the charge flowing out of the positive electrode through the medium, while the 
advantage is that we can measure the potential around the electrode using an ordinary 
voltmeter. One can show that the same general equations for potential apply to both 
systems making this laboratory system equivalent to the original problem. 
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Equipment: 

  
 
   Figure 4: Plate Geometry 
 

 
 

   Figure 5: Diagram of electric field apparatus Setup 
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This experiment uses the setup shown in Figure 5 (above). The field plates are graphite 
impregnated boards of an appropriate conductivity which have various silver electrode 
patterns printed on them as shown in Figure 4. A student works with one field plate at a time. 
The plate to be “mapped” is affixed to the bottom of the field mapping board and the 
circuit shown in Figure 5 connected. The power supply is used to supply current and main-
tain a positive potential on one electrode relative to the other. It is recommended to adjust 
the power supply to supply six volts of potential. A U-shaped probe or “wand” is used to 
both probe the potential at the various points on the field plate and to allow one to create an 
equipotential map on a piece of white paper attached to the top side of the field mapping 
board (see Figure 6). While the field mapping board is equipped with clips to hold the 
paper, tape is more secure and is recommended so that the paper does not shift part way 
through a mapping. A voltmeter is attached between the “-” side of the power supply and 
the wand and allows one to read the potential at any point on the board. The normal pro-
cedure after setting up the equipment as shown is to first map out the middle equipotential, 
i.e. a potential or voltage equal to half the power supply voltage. For example, if the power 
supply is set at 6 volts, one moves the wand around and searches for a point of 3 volt 
potential and then with a pencil (or ball point pen) marks a dot at that point through a 
special pencil hole in the top portion of the wand. 

 
 

 
   Figure 6: Wand Setup for Apparatus 
 
The wand is made so that the pencil hole is located immediately above the probing 

contact that touches the field plate affixed to the underneath of the field mapping board. 
After finding and marking the first point, one then searches for more 3 volt points and marks 
them. In time, one creates a line of 3 volt points which extends from paper edge to paper 
edge. At this point a student should sketch a smooth dashed curve through the points, 
connecting the points and label this curve as “3 volts”. Usually, about 8 points is sufficient 
to create the curve, but more may be necessary. 
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  Figure 7: Sample Drawing for Point and Plane configuration.  In the 
experiment the voltage will be 6.0 volts. 

 
One thing to note before marking many points is that these wands sometimes become 

distorted because the screws holding them together are loose or someone has applied 
excessive force to them. Check to see that when the wand is away from the board, the 
pencil hole in the upper part of the wand is immediately above the lower contact point or 
“button” on the lower part of the wand. Every student should also examine the wand, the 
field mapping board, and the whole setup so that he or she really understands this 
experiment. It may be easier to understand after a little data has been collected. 

 
After completing one equipotential, one then proceeds to similarly map out some 

other equipotential, such as the 1 and 5 volt ones, or the 2 and 4 volt ones, etc (try for a 
uniformly spaced set). It is very important before removing the paper from the field 
mapping board to also draw the electrode shape used on the paper. There are transparent 
templates in the lab which contain all the electrode shapes on them and which 
conveniently fit over locating pins on the top of the field mapping board to allow one to 
quickly and accurately draw the appropriate electrode shape on the paper. Each template 
has several electrode shapes on it, so a student has to pick out the shape that matches the 
electrode shapes of the field plates currently affixed to the board. When properly 
positioned on the pins, the template shape of interest should be immediately above the 
actual electrode on the other side of the board. Turn the board over and check for this 
before tracing out the electrode shape. 

 
One should strive to plot at least  5 nicely spaced out equipotential lines on each field 

map. Your instructor will tell you how many different electrode shapes to map out. 
Each mapping should be done on a separate sheet of paper. After getting familiar with 
the procedure, a student should be able to produce a good field mapping in 10 to 20 
minutes. One further trick is to ignore the last digit (or two) of the voltmeters, if it is 
almost impossible to position the probe accurately enough to get that last digit(s) to stay 
steady at the desired value. Some voltmeters simply have too much precision for this 
experiment. Your instructor will tell you whether each student needs to separately make 
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a set of mappings or if each group needs to make a set of mappings and can use a copier 
to duplicate these so that all members of the group each have copies. In the latter case, 
each student should make at least one of the mappings, and each should separately do 
the remaining steps below on his or her own copies of the mappings. 

 
After making the equipotential maps, students should draw the electric field lines. 

These are lines with arrows which start from the positive electrode and travel to the 
negative one in such a way as to remain perpendicular to the equipotential lines where 
they cross the lines. Figure 7 shows an example of mappings with both equipotential and 
electric field lines. Try to draw the electric field lines so they are reasonably uniformly 
spaced in any region of the mapping. At the same time regions of higher electric fields 
will have tighter spacing of these electric field lines. For ideal electrodes, the 
equipotential lines should run parallel to the edges (or surfaces) of the electrodes in the 
regions very near to the edges. Also, in these regions, the electric field lines will run 
into the electrodes at a right angle to the edges. The printed electrodes in the 
experiment are not quite ideal (not infinite conductivity) and so you should expect some 
deviation from the parallel and perpendicular conditions next to the electrodes. You 
should however always be able to construct electric field lines that are everywhere 
perpendicular to the equipotential lines. 

 
In your conclusion, write a few sentences on each mapping, mostly describing 

each. If you can, it is also good to describe and explain any overall tendencies in these 
patterns, and/or relate your patterns and findings to material in your text book.  You 
could also compare and contrast your various mappings. 
 
Sample Calculation for Electric Field Mapping Lab 

Work the following problems completely and show all of your work.  Please follow 
the format for uncertainty calculations in the Uncertainty handout.  If an uncertainty is a 
% then label it as a % and not a fraction. (Example: Don’t write 2% as 0.02, your 
instructor won’t know what you mean.).  This work will count 20% of the Electric Field 
Mapping report grade.  You may not collaborate on these problems. 

 
Your instructor will give you the values for the variables A, B, C and D.  Each class 

will have different values, so don’t ask someone in another class. 
 
  A =  ________________ 
 

  B =  ________________ 
 
  C =  ________________ 
 
  D =  ________________ 
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1. Calculate Z and the absolute uncertainty in Z where 
 
   Z = (A B) / C  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Calculate Y and the absolute uncertainty in Y where 
 
   Y = ( 2 (D - C)) / B  
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3. Calculate X and the % uncertainty in X where 
 
   X = 2  B1/2   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
4. Calculate W and the % uncertainty in W where 
 

W =   (sin (A))2                                    where A is the angle in degrees. 
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