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The Electric Field

In this session we will explore the concept of the Electric Field. The “E-Field” concept will seem at first to be just a normalizing procedure for Coulombs Law.  With a bunch of charges fixed in some kind of an array in space, if another charge is placed in the same vicinity, Coulomb’s Law says that this charge will feel a force on it that is the vector sum of the Coulomb forces from all of the fixed charges.  We place this last charge in position to gauge what the Coulomb force on it will be on a charge placed at this position.  We call this charge a “test charge” because we are, in a sense, “testing the waters” at that point where the test charge is placed.  In doing this, we make some critical assumptions:

· The test charge has no impact on the other charges; they remain in place.

· The test charge doesn’t exert a force on itself.

· We can move the test charge around in space to get an idea of the force that the other charges will produce on the test charge at various positions in space.

· We define the force on the test charge as the ELECTRIC FIELD if the test charge specifically is a “unit charge”, that is, a charge of one coulomb.

· Because the Electric Field is the sum of the forces from all of the other charges, We designate it is a vector E.

Before we begin, discuss the following with your group.  After your discussion, write ONE conclusion from your group’s discussion on the front board.  This activity should only take a minute or two.

Assume that you can measure the force on one unit (Q=1 Coulomb) of charge at any point in space. Is there any other quantity that you can think of that has a value at all points in space? Name as many of these quantities as you can. Can you think of a generic name for these quantities?

Use the space below to record your list as well as new items added to the front board.
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Objectives of this Session

· to understand the concept of an electric field qualitatively and quantitatively

· to be able to represent the electric field at a point in space by a vector

· to understand the principle of superposition as applied to electric fields

· to understand how to represent an electric field with field lines

· to understand that the electric field at the surface of a conductor in static 

equilibrium is perpendicular to the surface and to understand why the electric field is zero inside a conductor in static equilibrium

We approach this topic through a series of relatively simple guided exercises. Record your results from parts a through f in a table.
A. Suppose you had an object (A) that had a positive charge of 100C. 


a. If there was an object (B) with 5C of charge 5m away from the 100C object (A), what would be the magnitude of the force that object (B) would experience? What value do you get, if you divide the magnitude of the force the object experiences by the charge of the object? 
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b. If there was an object (C) with 15C of charge 5m away from the 100C object (A), what would be the magnitude of the force that object (C) would experience? What value do you get, if you divide the magnitude of the force the object experiences by the charge of the object? 
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c. If there was an object (D) with 1C of charge 5m away from the 100C object, what would be the magnitude of the force that object (D) would experience? What value do you get, if you divide the magnitude of the force the object experiences by the charge of the object?
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d. If there was an object (E) with 20C of charge 10m away from the 100C object (A), what would be the magnitude of the force that object would experience? What value do you get, if you divide the magnitude of the force the object experiences by the charge of the object?
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e. If there was an object (E) with 4C of charge 10m away from the 100C object (A), what would be the magnitude of the force that object (E) would experience? What value do you get, if you divide the magnitude of the force the object experiences by the charge of the object?
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f. If there was an object with 1C (F) of charge 10m away from the 100C object (A), what would be the magnitude of the force that object (F) would experience? What value do you get, if you divide the magnitude of the force the object experiences by the charge of the object?
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g. Record your results from parts a through f in a table. In each case, include the charge of the object, the distance of the object from the 100C object, the magnitude of the force on the object and the magnitude of the force on the object divided by the magnitude of the charge of the object.

	Experiment
	Object Chg.
	“Test Chg.”
	Force on Test Charge
	Force divided by Test Charge
	

	a
	
	
	
	
	

	b
	
	
	
	
	

	c
	
	
	
	
	

	d
	
	
	
	
	

	e
	
	
	
	
	

	f
	
	
	
	
	

	g
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


h. Add the results for an object with 10C of charge at 15m from the 100C object. Predict the results for the magnitude of the force on the object divided by the magnitude of the charge of the object for a 2C charge at the same distance.

i. What observations can you make about the magnitude of the force on the object divided by the magnitude of the charge of the object?
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B.  DEFINITION:  The electric field is a vector quantity defined at a point in space as the force that would be experienced by a small positively charged object placed at that point divided by the charge of the object:
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q is a small positive charge. If a small positively charged particle is located at a point in space, the electric field at that point in space is the force on that particle divided by the charge. If there is no charge at a point in space, the electric field at that point can be determined by imagining placing a small positive test charge at that point and finding the force on that charge divided by the magnitude of the charge in order to determine the electric field at that point in space. 

(Placing a UNIT CHARGE there i.e. one coulomb, allows us to forgo the division because we would be dividing by one! Notice that one coulomb is far from a small charge, so keep in mind the assumptions that we made earlier.)  The units of electric field are N/C.

a. Experiment:  

 To investigate the vector nature of an electric field, we will use a negatively charged, metal-coated pith ball, suspended from a string, as the test charge.  (The ball will be charged by touching it with a rubber rod that has been rubbed with the fur of a recently deceased rabbit. If this is not available, go outside and catch a squirrel.)  We charge the rubber rod by rubbing it with the fur and place it on an insulating stand in a vertical position.  Hold the test charge by its string and move it around the rod. This can be done with one person holding the pith ball by its string while the other charges the rod and briefly touches the ball with the rod.  Summarize the direction and magnitude of the force at various locations around the rod:
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Make a qualitative sketch of some of the electric field vectors around the rod at the points in space marked on the following diagram.  The length of each vector should roughly indicate the relative magnitude of the field (that is, if the E-field is stronger at one point than another, make its vector longer).  Of course, the direction of the vector should indicate the direction of the field.  Put the tail of the vector at the location of interest.
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b. How would the diagram change if the negatively charged rod were replaced with a positively charged rod?  Draw the new diagram below.
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Briefly compare the diagrams:
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C. SOME THINKING

a. Suppose you had two charged rods, one charged positively and one charged negatively, about 3cm apart. Predict the relative magnitude and the direction of the electric field at each point indicated in the diagram below. Draw the appropriate arrows on the diagram. We will project some of the predictions and discuss them as a class. Be prepared to explain your reasoning for your predictions. 
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After the discussion and if needed, enter the correct result on your diagram for your records.
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Finally, use the space below to record why you may have had an incorrect result. You can use this for study purposes.
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D.  The principle of superposition states that the electric field at a point in space can be found by the vector addition of the electric fields at that point in space due to all charged objects.  

Is this consistent with your answers to part a and part b above?  Where is/isn’t this correct?
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The graph below shows two point particles with charges of +2.0 ( 10–9 C and –2.0 ( 10–9 C that are separated by a distance of 8.0 cm. They are fixed so that they cannot move.

(i)   Calculate the value of the electric field at point 1 due to charge A

(ii)  Calculate the value of the electric field at point 1 due to charge B.

(iii) Use the principle of superposition to calculate the total electric field at point 1.
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Work space:

E. You have been representing the electric field due to a configuration of electric charges by an arrow that indicates magnitude and direction. This is the conventional representation of an electric field.  An alternative representation of the vector field involves defining electric field lines.  

Below is a series of diagrams with “electric field lines” drawn for +1C, +2C, and -1C charges.  
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JUST BY looking at the diagrams how do you tell where the field is strongest? Explain.  
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How do you tell where the field is weakest? 
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How do you tell the direction of the field? Explain.
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 Based on the diagrams for electric field lines, draw a diagram with electric field lines for +3C charge.

Draw an electric field line diagram for –4C charge.

Is there an electric field at points in space where there are no electric field lines drawn?  Explain.
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Below is the electric field line diagram for two charges, +2C and –2C.  


[image: image24.png]



(Drawn in EM Field  by D. Trowbridge and B. Sherwood, Physics Academic Software, 1998)

Below is the electric field line diagram for two charges, -1C and +2C.  
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(Drawn in EM Field  by D. Trowbridge and B. Sherwood, Physics Academic Software, 1998)

Sketch an electric field line diagram for a -2C and -2C point charge in the space below. 
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Determine a set of rules for drawing electric field lines for charges. Explain how your rule generates a diagram that contains information about the magnitude and direction of the electric field.  
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Look back at the electric field diagrams above.  Where do the lines originate? 
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Looking at the field lines from a single charge, where do the field lines END??
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Prepare to discuss your rules.

But first, take a look at the following computed Electric Field plot.  The B & C & E charges are negative and the other charges are positive.  From the field lines, determine the relative size of each charge.  List them from A(E in order of charge.  Do these follow the rules as you suggested above?

	Designation (A, B, etc)
	Sign of Charge
	Strength of Charge
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Open the link: http://www.cco.caltech.edu/~phys1/java/phys1/EField/EField.html and let it run a few times to see if you get the idea. Consider the layout of the applet shown below.  The link is also on the class page.  Uncheck all options and check ONLY the Electric Field lines box.  Choose a charge (top) and click a position where you want to place it.  Repeat a few times with different charges to get an idea about how it works.
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Just check off the electric field line selection, hit randomize and then go.  Note that you can adjust the strength of the charges with the slider.  Explore the plots until you feel good about understanding what you are seeing.

F.  Some features of conductors 
As you already know, the charges consist of electrons that are easily moved around and positive  protons that are mostly bonded together and are hard to move. (You might want to review this in either the textbook or the internet.) The protons are in the nucleus of atoms.  Only the outer electrons can be moved around.
a. Suppose you put a piece of metal (a conductor) near a charged object as in the diagram below. Approximately how would the charges arrange themselves in the metal? Draw the charges in the diagram.
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b. As the charges arrange themselves, while they are still moving, does the electric field inside the metal due to the external charged object change?  Is there an electric field inside the metal due to other charges, besides the external charged object? As the charges arrange themselves, while they are still moving, does the total electric field inside the metal change?  Prepare for some discussion. 
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c. If all of the charges have stopped moving, is there an electric field inside the metal? Explain. Is there an electric field at the surface of the metal? We will discuss in class as well.
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When there are no moving charges inside a metal, the metal is said to be in static equilibrium.

d. Is there an electric field inside a conductor in static equilibrium? Prepare for discussion.
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e. If there was electric field at an angle away from the surface of a piece of metal, as in the picture below, would there be an electric field parallel to the surface of the metal? Would there be an electric field perpendicular to the surface of the metal? If there were an electric field parallel to the surface of the metal, would charges on the surface of the metal move due to that component of the field? If there were an electric field perpendicular to the surface of the metal, would charges inside the metal move, due that component of the field? Write your discussion notes below.
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f. If a piece of metal is in static equilibrium, what direction is the electric field at the surface of the metal? Remember that in equilibrium, all charges are stationary but all of the excess charges reside on the surface.  Also be aware that it is very difficult to “pull” charge out of a metal through the surface. (Why might this be true?  Any observational information?)

[image: image37.png]



Be prepared to discuss your answers to parts e and f with the class.

PROBLEM: In the diagram below, two pieces of metal are shown. The top piece has a net positive charge and the bottom piece has a net negative charge as shown. Points A, B, and C indicate points in space, not charges. 

 

Sketch the electric field lines in the diagram below. 
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Discuss the diagram with your table and draw it on the board for class discussion.


Notes:

SUMMARY

You should understand the concept of an electric field qualitatively and quantitatively. You should be able to represent the electric field at a point in space by a vector. You should understand the principle of superposition as applied to electric fields. You should be able to represent an electric field with field lines and be able to interpret a field line representation of an electric field. You should understand that the electric field at the surface of a conductor in static equilibrium is perpendicular to the surface and that the electric field is zero inside a conductor in static equilibrium. 

Remember that there is a difference between knowing and understanding.  You need both!
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 That’s all there is.
The Electric field is a simple normalization of Coulomb’s Law.  This is nothing new since you have also looked at density as a normalization of mass as well as the acceleration of gravity that is a normalization of the gravitational force.
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