Thevenin's Theorem

The Thevenin's Theorem is a process by which a complex circuit is reduced to an equivalent series circuit consisting of a single voltage source, VTH, a series resistance, RTH, and a load resistance, RL. After creating the Thevenin Equivalent Circuit, you may then easily determine the load voltage VL or the load current IL. It is the dual of Norton's Theorem. Consider the following circuit. 
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In the circuit on the left, we see a single voltage source driving a series-parallel circuit where RL is the load resistance. While we have the skills to solve for the load voltage or load current without too much difficulty,

we will use Thevenin's Theorem to solve for the circuit parameter.

To use Thevenin's Theorem to solve for the load voltage or current in a circuit: 
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  1.Remove the load at terminals A and B. If  we look in through the load terminals, we would see VTH, the Open Circuit Voltage. This can be seen in the schematic on the right. In the laboratory, we could place a voltmeter across terminals A and B and measure VTH. Since the circuit is open at terminals A and B, no current flows through R3.  With no current through R3, there is no voltage drop across R3. Therefore, VTH = VR2. 

    The equation for VTH is: 

                           R2

VTH = VS *   -----------

                        R1 + R2

  2.We now have the Thevenin Equivalent Voltage, VTH, and must determine the Open Circuit     Resistance, RTH (Thevenin Equivalent Resistance). To accomplish this we: 

        Remove all source voltages and replace them with a short while retaining any internal source resistance. 

        Remove any current sources and replace them with an open while retaining any internal source resistance. 

        Look in through terminals A and B and calculate RTH. 

    If we look in terminals A and B of the circuit on the right, we see the Thevenin Equivalent Resistance. Let us see what type of resistance connections we have in the circuit. 
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Beginning at node A we pass through resistance R3 and arrive at node C. 

At Node C, we may move to Node B through either R2 or R1. Therefore, R1 and R2 are connected in parallel, and these two parallel resistances are connected in series with resistor R3. We have, therefore, a series-parallel circuit. 

    We could measure this resistance in the laboratory with an ohmmeter by replacing the source with a short and placing the ohmmeter across terminals A and B. 

    The equation for RTH is: 

                        R1 * R2

RTH = R3 +  ------------

                        R1 + R2

  3.Now that we have determined the Thevenin Equivalent Resistance and the Thevenin Equivalent Voltage, we redraw the open circuit as a series circuit consisting of VTH and RTH. Make sure that the polarity of VTH in the series circuit is the same as the polarity of the open circuit voltage. 
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  4.Reconnect the load, RL to terminals A and B. 

  5.Now, calculate the load voltage. 

    The equation for VL is: 

                           RL

VL = VTH *  ---------------

                        RTH + RL

Norton's Theorem 

Norton's Theorem is the dual of Thevenin's Theorem. It simplifies a complex network into a current source called the Norton Short Circuit Current (IN), a parallel Norton Equivalent Conductance (GN) or Norton Equivalent Resistance (RN), and a par allel load resistance. After creating the Norton Equivalent Circuit, you may then easily determine the load current IL. 
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Consider the circuit on the left. Norton's Theorem states that the current in any conductance or resistor connected to a network is the same if the conductance or resistance was connected to a current source where:

    The source current, IN, is the short circuit current (the current that flows through a short that is placed on the load terminals of the network) 

The network conductance (IN) or resistance (RN) looking into the network at the open load terminals with sources removed is the equivalent network conductance. 

Since the equivalent network is a parallel circuit, you may find it more convenient to convert all resistances in the equivalent circuit into conductances. 

To use Norton's Theorem to solve for a load current or voltage: 
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  1.Remove the load at terminals A and B, and replace it with a short. Calculate IAB the current through the short. This is the Norton

Current, IN, also called the short current current. It is the current that would be measured if an Ammeter was connected to the open load terminals. Since the load terminal is shorted, no current flows through R3.  IN is IR2, the current flowing through R2. This current may be calculated using the current divider theorem: 

                               R1

IN = IS1 *    -----------------

                         R1 + R2

  2.We now have the Norton Equivalent Current, and we must determine the Norton Equivalent resistance (or conductance). To accomplish this we: 

Open all current sources retaining any source resistance Short all voltage sources while retaining any source resistance. 

  3.Remove the load resistance (or short) from terminal A and B. Look in the load terminals and calculate RN. Let us see how the remaining components are connected. Beginning at terminal A:  we can travel through R3 to Node B  we can travel through the series combination R1 and R2 to node B 
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    We can measure this resistance in the laboratory with an ohmmeter by replacing the source with an open, removing the load resistance, measuring the resistance at the terminals. 

    The equation for RN is: 

             R3 * (R1 + R2)

RN =  -----------------------

                 R1 + R2 + R3

  4.Now that we have determined the Norton Equivalent Resistance and the Norton Equivalent Current, we redraw the circuit as a parallel circuit 

[image: image8.png]GN





connsisting of IN and GN (RN). Make sure that the direction of IN in the circuit is the same as the direction of the short circuit current. 

  5.Reconnect the load, GL (or RL) to terminals A and B. 

  6.Now, calculate the load current. 

    The equation for IL is: 

                        RN

IL = IN *  ----------------

                     RN + RL 

    OR

                        GL 

IL = IN * ----------------

                     GN + GL 

