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Experiment 20

Electric Field Laboratory

THEORY. 


The goal of today’s lab is to investigate experimentally the electric fields set up in a piece of slightly conducting paper. The electric field detector will be two probes connected to a voltmeter.  Your textbook shows that the voltmeter reading divided by the separation of the probe tips will give the E-field in the direction of the probes. 

     Your black conducting paper will have two electrode "dots" on it and they will be connected to a power supply which gives them equal and opposite charge. Say there is a standard x-y coordinate system on the paper, with the origin at the center and the positive and negative points at x = -a and x = +a, respectively. We contend there is an E-field throughout the conducting paper. Suppose that you want to measure it at the origin. If your voltmeter probes are 1 cm (0.01 m) apart and if one of them is 0.5 cm to the left of the origin and the other 0.5 cm to the right, lined up on the x-axis, the x-component of E at the origin is the voltmeter reading divided by 0.01 meters. The units of E are V/m in this case and a V/m is equivalent to N/C. If you want Ey then you must align the voltmeter probes so that they are parallel to the y-axis, one probe 0.5 cm above the origin and the other 0.5 cm below. 

     This can be done anywhere on the conducting paper and therefore the components of E can be obtained at any point. The magnitude of E is be obtained from the Pythagorean Theorem, while the direction may be obtained from tan = Ey/Ex. But there is an experimental way to get the magnitude and direction of E. If you want the magnitude and direction of E at point P then put the voltmeter probes on opposite sides of P, each 0.5 cm from P; but put the probes in lots of different orientations, watching the voltmeter readings as you rotate the probes around P. The magnitude of E will be the maximum voltmeter reading that you obtained (divided by 0.01m, of course) and the direction of E will be the direction of the line connecting the probes at that maximum reading. (It should be that if you found the direction of the maximum reading then the voltmeter reading will drop to zero if you rotate the probes 90 degrees from that “maximum direction.”) 

     A word about signs and directions. The black voltmeter probe is considered a reference and the sign on the display refers to the sign of the red probe’s potential relative to the black reference. It is a fact that if the voltmeter reading is positive the component of the E field points from red probe to black, and vice versa. A more technical description could be stated as: “The electric field vector is equal to the negative of the gradient of the electric potential.”

EXPERIMENT. 

     Attach the power supply to the two electrodes. Adjust the power supply so that there is about a 10 V difference between the electrodes; the exact value is not critical but the setting should remain constant throughout your work today. Consider the origin to be the point midway between the electrodes and consider the x-axis to be the line through the electrodes. The two multimeter probes held together about a cm apart; keep this separation constant throughout the lab period. Use the white grid paper to record data.
1. Measure the values of Ex along the x-axis, both between the electrodes and outside them. Be sure your value has a sign associated. Make a plot of Ex vs. x. (In addition you should verify that Ey is zero along this axis, although probably one or two measurements would be sufficient.)

2. Measure the values of Ex along the y-axis. Make a plot of Ex vs. y. (You should verify again that Ey is zero along this axis.)

3. Go to the origin on the black paper and determine the magnitude and direction of the electric field vector at that point. Choose a convenient scale (e.g. 1 cm = 50 V/m) and on the corresponding position on the white grid paper draw a straight line arrow with its length proportional to the magnitude of E and in E’s direction. Do this at several other points not on the axes (say separated by about 3 or 4 cm in both the x- and y- directions)  and not near the edges of the black paper so that you have many arrows on your white paper.  

4. Point charge: an algebraic problem 

Consider two point charges +Q and -Q located at x = -a and x = +a on the x-axis. Let point A to be the origin, B be on the x-axis at x = -a/2, C be on the x-axis at x = +a/2, D be on the y-axis at y = +a/2, and E be on the y-axis at y = -a/2. Draw a picture of this.  Use the expression for the electric field of a point charge to determine algebraic expressions in terms of (K=1/4pe0, Q, a) for the total electric field magnitude at points A, B, C, D, and E. (In cases D and E you will have to sum two vector components to get the net horizontal E-field.) Using your algebraic expressions evaluate numerically the following theoretical ratios (K, Q, a should cancel leaving you with a number):


EB/EA =


EC/EA =


ED/EA =


EE/EA =

5. Line charges: another algebraic problem Consider two thin rods of charge with linear charge densities + and - located at x = -a and x = +a on the x-axis and perpendicular to the plane of the black paper. Again, let point A be the origin, B be on the x-axis at x = -a/2, C be on the x-axis at x = +a/2, D be on the y-axis at y = +a/2, and E be on the y-axis at y = -a/2. Use the expression for the electric field of a infinite line charge to determine the algebraic expressions in terms of (K=1/4pe0, Q, a)  for the net electric field magnitude at points A, B, C, D, and E. (In cases D and E you will have to sum two vector components to get the net horizontal E-field.) Using your algebraic expressions evaluate numerically the following theoretical ratios (K, Q, a should cancel leaving you with a number):


EB/EA =


EC/EA =


ED/EA =


EE/EA =

6. Comparison.  Now go to the black paper and make measurements that allow you to check the two theories above. Determine experimentally the x-component of the E field at the five points of interest. Record them below.


EA =


EB =


EC =


ED =


EE =

Now calculate the experimental ratios and compare them to the theory above.


experimental   EB/EA =


experimental   EC/EA =


experimental   ED/EA =


experimental   EE/EA =

Is the field produced on the black conducting paper like the field expected from two point charges, or like the field expected from two line charges?
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