Theorems of Thevenin and Superposition


EE 211


Introduction





In this experiment the student will verify the theorem proposed by Thevenin  for linear circuit simplification.  The student will also analyze circuits with multiple sources using the principle of Superposition. 





Equipment needed





	Resistors


	Digital Multimeter (DMM)


	Power supplies


	Electronic solderless breadboard 


	


Background





Superposition Theorem 





The  Theorem of Superposition states that the actual currents and voltage drops in a circuit containing multiple sources are the algebraic sums of the currents and voltage drops produced by each individual source.  The idea behind the superposition theorem is that each power source in a circuit containing multiple power sources creates its own set of currents and voltage drops, which are superimposed on others in the same circuit.  This theorem is sometimes called the network theorem.





Thevenin’s Theorem





Thevenin’s Theorem is a tool that allows you reduce any simple or complex circuit to a single voltage source and a single resistor to which a load may be connected.  Any linear circuit, consisting of resistance’s and one or more sources of voltage and having two output terminals, can be replaced by a single voltage source and a single resistance for the purpose of circuit analysis.





Procedure





Part A - Superposition





    1. Construct the circuit shown in Circuit 1.


    2. Use the DMM’s to find the voltage drops and current through each resistor in the 	circuit.


    3. Disconnect the 5 VDC source from circuit 1 and replace it with a wire (short 	circuit).


    4. Repeat step 2. with the 5 VDC source removed.


    5. Replace the wire (short circuit) with the 5 VDC source again.


    6. Disconnect the 12 VDC source from circuit one and replace it with a wire (short 	circuit).


    7. Repeat step 2. with the 12 VDC source removed.


    8. Take the algebraic sum of all of the currents or voltage drops for each component 	measured in steps 4. and 7.





How does this algebraic sum compare with the measured values from step 2?  Make sure to tabulate all this data.  Does this experiment support the Theorem of Superposition?





Completely analyze this circuit using Ohm’s and Kirchoff’s laws.  Include these calculated values in your tabulated results.  How does your analysis compare with the experiment results?  
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Circuit 1





Part B - Thevenin’s Theorem





    1. Construct the simple circuit shown in Circuit 2.


    2. Remove RL (load) and place the terminals of the DMM between points A and B.


    3. Set the DMM to the voltage scale and record the Thevenin Voltage, Vth .


    4. Replace the voltage source with a wire (shot circuit).


    5. Set the DMM to ohmmeter and record the Thevenin resistance between A and B.


    6  Draw the Theveninized circuit and reconnect the load.


    7. Measure the voltage across the load.





Calculate the output voltage using Thevenin’s theorem and compare these values with the experimentally recorded values in step 7.
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          Circuit 2





Part C -Thevenizing the Loaded Voltage Divider





    1. Add a forth resistor, R3, to circuit 2 as shown in circuit 3.


    2. Repeat the experiment outlined in part B.





What difference does R3 make to the output voltage drop measured across the load?  What can you say about elements placed in parallel with the voltage source?  Analyze circuit 3. using Thevinen’s theorem and compare these results with your recorded values.  Make a graph of the output voltage vs. load resistance.  (10k, 1k, 100, 10 ohms)  Does this graph agree with the effect of load on a voltage divider circuit?  Make sure to draw all circuits in this lab.
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Circuit 3


