
Electric Fields & Electric Potential
Title: 
Characterizing Electric Fields and Electric Potential of Charged Objects
Theory:

The electric field is a vector quantity that relates the force that would be exerted on a test charge to the size of the test charge.  What does that mean?

E = F/q

The electric field is like a force field that provides the direction that a positive test charge would move if placed in the field and was allowed to move freely.  It is also characterized as well as represented by (see below) a series of imaginary lines of force that provide information on the magnitude of force that a test charge would experience if placed in the field.  As just mentioned, the field lines provide direction: direction that is always away from a positive charge source.  For a dipole charge system, a test charge will always move along these field lines where the force is tangent to them.  

In addition to the field lines, there are lines of equal potential that are characterized by imaginary lines of potential (voltage).  They are like contour lines on a topographic relief map, but represent a voltage potential instead of an elevation.  The voltage potential will decrease as the distance from the positive pole of an electric dipole increases.

A unique characteristic of both electric field lines and lines of equal potential is that they cannot cross over themselves.  However, they do cross each other, and when they do, it is always at right angles.
In this exercise, you will explore various charge configurations, and the electric field lines and lines of equipotential that result using a computer simulation program.
Objective: 

-
To determine the nature of electric fields.

· To understand the relationship between electric field lines and electric potential. 

· To understand the nature of field lines between two conductors of various geometric configurations.

Materials:  

	· Computer
	· PHET Simulations (Charges and Fields)

	· Paper
	· 


Procedure:
1. Go to http://phet.colorado.edu/en/simulation/charges-and-fields and click on "run" the simulation.

a. Before we go any further, we need to familiarize ourselves with the program and the playing field.

b. The screen should appear much like you see in the image below. You will click and drag the [image: image1.emf] 

[image: image2.emf] 

charges from the bins onto the workspace. The potentiometer can be moved in the same [image: image3.emf] 

[image: image4.emf] 

[image: image5.emf] 

fashion.
The Electric Field and Lines of Equipotential of a Single Point Charge:
2. Place  a positive charge on the page, somewhere near the middle as shown below and plot a line of equipotential using the potentiometer. You will note that a line of equipotential with a magnitude of 10.3V appears in the figure below. Make sure that "Show numbers" is selected on the Control Panel and that "Show E-field" is unchecked.
a. Plot three more lines of equipotential at various distances from the +1nC charge. Right click and print your image.

b. Repeat the process for a negative point charge.
The Electric Field and Lines of Equipotential of an Electronic Dipole:
3. An electronic dipole consists of a positive and a negative point charge that are equal in magnitude.

a. Place a positive and negative point charge on the page similar to the image above. Make sure that they are 1.5 to 2.0 meters apart. Turn on the grid, or use the tape measure in the Control Panel to check.

b. Plot 5 - 7 lines of equipotential. Distribute them so that you get a reasonably balanced image between the positive and negative charges.

c. Print your screen.

The Electric Field and Lines of Equipotential of Two Similar Point Charges:
a. Place two positive or two negative point charges on the page. Make sure that they are 1.5 to 2.0 meters apart.

b. Plot 5 - 7 lines of equipotential. Distribute them so that you get a reasonably balanced image. Don’t be surprised at what you see!
c. Print your screen.
The Electric Field and Lines of Equipotential of a Point and a Plane:
a. Place twenty negative point charges on the page such that they are all lined up as shown in the image to the right.  

i. You may use the grid in the Control Panel to assist you.
b. Place a single point charge about 3 – 3.5 meters from the plane of negative charge. See the image to the right.

c. Plot 5 - 7 lines of equipotential in the space between the two charges. Distribute them so that you get a reasonably balanced image.

d. Print your screen.

The Electric Field and Lines of Equipotential of Two Parallel Plates:

a. Place twenty positive and twenty negative point charges on the page as shown in the image to the right. Hint, continue with the previous task and just add positive charges.
ii. Make sure that the two plates are 1.5 to 2.0 meters apart.
iii. You may use the grid in the Control Panel to assist you.
b. Plot 5 - 7 lines of equipotential. As before, distribute them so that you get a reasonably balanced image.
c. Drag an E-Field Sensor from the bin and place it directly between the two plates

d. Print your screen.
Plotting your Electric Field Lines:
a. Now that you have your drawings completed with lines of Equipotential (the same voltage), you will now have to finish them by drawing your Electric Field Lines.

i. For each image, draw 4 – 7 Electric Field Lines. Use a dashed line or an alternate color to differentiate it from the lines of equipotential.
ii. Start from the positive surface/charge and end at the negative surface.

iii. Your lines need to leave and terminate at 90( relative to the surface, and where they intersect your lines of equipotential; they must do so at right angles.

iv. Since the Electric Field is a vector quantity, you will also need to include arrowheads on your lines that show direction. Check out direction the E-Field Sensor is pointing from the last part of the procedure.
Analysis:

1. Describe what would happen if you placed a small positive or negative test charge on one of the electric field lines of the electronic dipole and released it?  Explain. (Read the theory if you are not sure.)  



























































2. Given the Electric Field Intensity on your parallel plate diagram, determine the force that would act on a proton if placed in between the plates.*
3. Using the grid, determine the distance between the two plates. 

m  
4. Determine the work required to move an electron from the positive plate of the parallel plate template to the negative plate.*

Control Panel


(Leave the E-field unchecked)





Bins of positive and negative charges





Potentiometer (device to measure electric potential.)





*You must show all work for the calculations in #2 and #4.








