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Two positive charges, q1 and q2, are separated by 10 cm and held in place at the positions shown below.
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Q1: Describe what happens to the charges when they’re released (assume a gravity-free environment).  Explain.
Q2: Over time, are the charges speeding up, slowing down, or changing direction?  Explain.

Q3: Over time, is the acceleration on each of the charges changing (increasing/decreasing)?  Explain.

Q4: Over time, what is happening to the kinetic energy of the charges?

Electric Potential Energy (PEe)
So when two (or more) charges are close to each other and are released, we get kinetic energy.  We know that energy is a conserved quantity in the universe… if this is the case, what type of energy did we have to begin with?  Electric potential energy is the energy stored between two charges; if the charges are released, this energy turns into kinetic energy.  When we’re talking energy, WE KEEP THE NEGATIVE SIGNS for the charges.  The negative signs actually are significant in our calculations.

The electric potential energy stored between two charges is given by the equation:
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Any value for PEe is not significant until it is compared to a second known value… that is, it is the DIFFERENCE between the potential energies stored between charges at different positions that is significant.

If there are multiple charges in an arrangement, the total electric potential energy stored within the system is the sum of the potential energy stored between EACH pair of charges.  

Q5: Identify the variables in the above equation AND use dimensional analysis to determine the units for PEe:

Q6: How is electric potential energy similar to gravitational potential energy?
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P1: Two charges, q1 = +5 nC, and q2 = +10 nC are held apart with a separation distance of 10 cm.   

(a) What is the potential energy stored between these charges at this separation distance? 

(b) The charges are released and begin to separate.  At some instant later, they are found to be 20 cm from each other.  What is the potential energy stored between these charges at this separation distance?  

(c) Was potential energy lost or gained in this scenario?  If it was lost, where did it go, if it was gained, where did it come from?  

(d) Each charge has a mass of 5.0 (g.  How fast are the charges moving when they are 20 cm apart?
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P2: Two charges, q1 = +5 nC, and q2 = -10 nC are held apart with a separation distance of 10 cm.   

(a) What is the potential energy stored between these charges at this separation distance? 

(b) q1 is released and begins to move toward q2.  At some instant later, it passes through a position 5 cm from q2.  What is the potential energy stored between these charges at this separation distance?  

(c) Was potential energy lost or gained in this scenario?  If it was lost, where did it go, if it was gained, where did it come from?  

(d) Charge q1 has a mass of 5.0 (g.  How fast is it moving when it is 5.0 cm from charge q2?

P3: Three point charges are placed on the corners of an equilateral triangle having a side length of 0.50 m.  Determine the electric potential energy stored within the group of charges if the charges are +5.0 (C, +6.0 (C, and -2.0 (C. (+0.14 J)
Q7: How far is “very far”?  When do two charges have virtually no electric potential energy between them?
EC: Two -4.0 (C charges that have masses of 0.00050 kg are fired at each other from infinitely far away, each with a velocity of 2.0 x 105 m/s.  How close do the charges get to each other before they stop and turn around?
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Electric Potential (V)
Point A is located 9 meters from a positive charge (Q = +5.0 x 10-9 C).  Complete the table to the right (the first row has been completed for you).  
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The quantity PEe/q is known as electric potential.  It is similar to electric field in that it is an indication of the energy associated with a location in an electric field.

Definition:  Electric Potential  (V) is the electric potential energy associated with a charged particle at a location in an electric field divided by the charge of the particle.
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Q8: Identify the variables in the above equation AND use dimensional analysis to determine the units for V:
Electric Potential Due to a Point Charge
The electric potential at some point in an electric field due to a point charge Q is given by:
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P4: What is the electric potential due to a +6 nC charge at a distance of (a) 1 meter?  (b) 2 meters?  (c) 3 meters?    If the charge were - 6 nC, what is the electric potential at a distance of (d) 1 meter? (e) 2 meters?

The Electric Potential Due to Multiple Point Charges

If there are multiple charges, the electric potential at a position in the electric field surrounding the charges is just the summation of the electric potential at that position due to EACH charge.  That is:
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This is very easy to evaluate, given that electric potential is a scalar quantity.
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P5: Four identical charges (+Q= 4 (C) are located on the corners of a square inscribed in a circle having a radius r = 0.5 meters.  What is the electric potential at the center of the square?  If a +1 C charge were placed at the center, what potential energy would it possess?
P6:  Imagine that two of the charges in P5 are now negative.  What is the electric potential at the center of the square?  Does it matter which two charges are negative in this scenario?

In P6, you may be able to imagine a configuration of the four charges where the electric field is NOT zero, although the electric potential is… again, it is important to stress that it is the DIFFERENCE in potential energy (and electric potential, as well), which is important.   Objects don’t spontaneously move in a gravitational field unless there is a difference in it’s potential energies between two points… charges don’t spontaneously move in an electric field unless there is a difference in electric potential energy (and therefore, electric potential) between two points.  
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Equipotential Lines
The figure to the right is a map of sorts… it shows equipotential lines in an electric field… these are NOT electric field lines, in fact, they are perpendicular to the electric field lines.  They are more like a topographic map… they show positions that have the same electric potential. 

P7: What is the difference in potential between point M and point N?  

Potential Difference ((V) Also Called VOLTAGE

Potential difference is the difference in the electric potential between two points in an electric field.

[image: image14.png]+30V +20V +10V oV

+40 V

+50 V

-10V

=20V

-30V
-40V




In remembering what electric potential is, in the first place, we can see that a potential difference (also called voltage) is the change in electric potential energy of charge moving between two points in an electric field, divided by the charge of the particle moving between the two points; for any change in position in an electric field, it is the change in potential energy per unit charge, associated with the change in position. 
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Another Analogy:  
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P8:  Refer to the equipotential lines in the above figure.  A charge Q = 5 nC moves from point N to point R.  (a) What is the change in electric potential for the charge?  The same charge is released from point R and moves spontaneously from point R to point T (it’s not stopping at T, BTW).  (b) What is the change in the electric potential for the charge during this motion?  (c) What is the change in potential energy for the charge during this motion?  (d) What is the kinetic energy of the charge at point T? 

P9:  Solve for the electric potential V at a distances r = 3 m, 6 m, 9 m, and 12 m from a Q = +1 nC charge.   Draw and label the equipotential lines surrounding this charge below:

P10:  Solve for the electric potential V at a distances r = 3 m, 6 m, 9 m, and 12 m from a Q = -1 nC charge.   Draw and label the equipotential lines surrounding this charge below:

Q9: Given the equipotential maps you created above, select the correct words that complete the following statements about a charge placed in the electric field surrounding the charge:

If a POSITIVE charge is placed in an electric field and released, it will

· Move spontaneously to (INCREASE)(DECREASE) its potential energy.

· Move toward a region of (HIGHER)(LOWER) potential.

· Move (ALONG)(OPPOSITE) the electric field lines.

If a NEGATIVE charge is placed in an electric field and released, it will

· Move spontaneously to (INCREASE)(DECREASE) its potential energy. 
· Move toward a region of (HIGHER)(LOWER) potential.

· Move (ALONG)(OPPOSITE) the electric field lines.
P11:  The electric potential at the positive terminal of a battery is +4.5 V, and the electric potential at the negative terminal is - 4.5 V.  (a) What is the potential difference between the two terminals?  (b) If -1 C of charge moves from the negative terminal to the positive, what is the change in potential energy experienced by the charge?  
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Another way to look at an electric field is in terms of energy.  Equipotential lines are used to show positions having the same electric potential.  Charges will move to DECREASE their potential energy.  





In a topographic map, lines are used to show positions having the same elevation.  Water will move to a position of lower elevation in a gravitational field.  Water moves spontaneously to DECREASE its potential energy.
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