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Thevenin and Norton Equivalents
Due: At recitation the week of April 30-May 4

Objectives:

· At the end of this laboratory you will be able to:

· Draw Thevenin equivalents using measured values for known circuits

· Calculate Thevenin equivalent values from circuits and compare with measured values

· Model real voltage sources with Thevenin equivalents

· Generate electricity from a potato

Materials and Supplies

In addition to the usual parts, you will need to buy a potato, a piece of copper and a piece of zinc. The potato of course comes from the grocery store. You can get copper and zinc at a hardware store. Most wires are made of copper, or you can get copper nails (just get one!). Zinc is used as a coating on another type of nail, which is called galvanized. Again, you only need one. (I recommend that your group band together to make one trip and get three of each.)

Laboratory Procedures, Measurements, and Questions

Procedure 1

Construct the following circuit on your breadboard:
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a. (10 points) Measure open circuit voltage for the Thevenin equivalent seen by Rload, by using an open circuit in place of Rload.

b. b. (10 points) Now use a short circuit (a wire) for the resistor Rload.  Measure the voltage across the resistor R1 and calculate the current through the short circuit (isc) from this measurement.

c. c. (5 points) Draw the Thevenin Equivalent circuit for the above circuit using the information measured in parts a and b.

d. d. (10 points) Calculate the Thevenin Equivalent circuit for the above circuit using circuit analysis techniques. Why is this circuit different from the one in part c? Is the difference enough to concern you?
Procedure 2
Ideal voltage sources have equivalent resistance Req = 0 in their Thevenin or Norton equivalents. Real voltage sources have non-zero equivalent resistances. In this procedure you will determine the Thevenin equivalents for two real voltage sources by experiment: a 1.5V AAA battery and a potato. Pay attention to the values of Req!

a. Connect a 100 ( resistor in series with a 1.5 V AAA battery, as shown in the figure. The terminals of this circuit will be where you take the Thevenin equivalent.
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b. (5 points) Measure the open circuit voltage and the short circuit current at the circuit terminals. Do NOT short circuit the battery all by itself - always have the 100 ( resistor in the circuit. Find current by measuring the voltage across the 100 ( resistor and applying Ohm's Law.

c. (10 points) Use the measurements you made in part b to calculate the parameters of the Thevenin equivalent circuit for the battery and series resistor. Find the internal resistance of the battery. Draw the Thevenin equivalent of the battery, only.

d. Stick a piece of zinc (probably a nail) into one end of your potato and a piece of copper (probably a wire) into the other end. Connect a 100 ( resistor in series with the potato, creating a circuit like the one in part a.

e. (5 points) Measure the open circuit voltage and short circuit current of the circuit in part d. Measure current by measuring the voltage across the 100( resistor while the circuit is short circuited.

f. (10 points) Calculate and draw the Thevenin equivalent circuit for the potato battery, without the 100 ( resistor.

b. g. (5 points) What is the minimum load resistance that you can attach to the 1.5V battery (just the battery, not including the 100 ( resistor) and still retain 99% of the 1.5V across the load? (Calculate this value; do not measure it.)
c. h. (5 points) What is the minimum load resistance that you can attach to the potato battery (just the potato, not including the 100 ( resistor) and still retain 99% of its voltage across the load. (Calculate this value; do not measure it.)
d. i. (5 points) Which is the better voltage source:  the 1.5V battery or the potato battery?  Why?
Bring your potato battery to recitation and be prepared to demonstrate that it generates a voltage.

(Comments: The potato will last longer as a battery if you pull the copper and zinc out and stick it in the fridge until the recitation.)
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