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Laboratory # 7 - Thevenin and Norton Equivalent Circuits

EE188L Electrical Engineering I
College of Engineering and Natural Sciences
Northern Arizona University

Objectives

1. Use voltage measurements and calculations to determine the Thevenin and Norton equivalent circuits for the function generator on your bench.

2. Investigate the relationships between source resistance and load resistance for maximum power transfer.

3. Use Multisim simulation testing to determine the Thevenin equivalent circuits for a network containing only independent sources, a network containing only dependent sources, and a network with both independent and dependent sources.

Important Concepts:

1. [image: image1.wmf]V2

3V/V

R2

40ohm

R1

20ohm

R4

10ohm

V1

12V

R3

8ohm

A

B

Circuit_6_3

Thevenin Equivalent Circuit – Any linear circuit connected to two terminals can be replaced by an equivalent circuit consisting of a voltage source (Vth) in series with a resistor (Rth) that connect to the two terminals in place of the original circuit. All voltages and currents that can be measured at the two terminals are the same for the original circuit and for the replacement equivalent circuit.
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Norton Equivalent Circuit – Any linear circuit connected to two terminals can be replaced by an equivalent circuit consisting of a current source (IN) in parallel with a resistor (RN) that connect to the two terminals in place of the original circuit. All voltages and currents that can be measured at the two terminals are the same for the original circuit and for the replacement equivalent circuit.

3. Maximum Power Transfer – When a linear circuit with a given Rth or RN is delivering power to a load resistor, the power delivered to the load is maximum when the load resistance equals the Thevenin equivalent resistance (Rth) or the Norton equivalent resistance (RN) of the linear circuit.

Special Resources 

No special resources are needed for this lab, other than each bench must have four 100 ohms resistors.

Background
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[image: image5..pict]Source Transformation – A Thevenin Equivalent circuit can be replaced by a Norton Equivalent circuit and vice versa.
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Thevenin Equivalent Voltage (Vth) – In all cases this voltage is equal to the voltage at the circuit terminals with no external load connected. This is sometimes called the “open-circuit” voltage.

Norton Equivalent Current (IN) – In all cases this current is equal to the current that would flow through a wire connected between the circuit terminals. This is sometimes called the “short-circuit” current. This method must not be used to test an actual circuit if the short would burn out the circuit or cause it to operate outside its linear range.

Thevenin or Norton Equivalent Resistance (Rth or RN) – The methods for determining Rth or RN  depend on the type of voltage and current sources contained in the circuit:

1. Circuits with Independent Sources ONLY (no dependent sources) – There are three methods:

a. By Source Removal – First set all sources to a zero value; this is equivalent to replacing all voltage sources with a wire (a “short”) and removing all current sources (leaving an “open” circuit). Second, determine the equivalent resistance of the remaining circuit by “looking into” the terminals; the equivalent resistance is the value of Rth or RN.

b. By Short-Circuit Current – This method applies during analysis of a circuit or in testing an actual circuit that can safely have a short circuit at its terminals. First, determine the voltage at the terminals with no load connected; this is Vth. Second, determine what current would flow through a wire connected between the terminals; this is the short-circuit current (Isc). Rth can then be calculated:

Rth = Vth / Isc
RN = Rth

c. By Applying a Load – This method applies when testing an actual circuit to find its equivalent source resistance (Rth or RN). First, measure the voltage at the terminals with no load connected; this is Vth. Second, connect a load resistor to the circuit terminals; the load resistor (RL) should be low enough to cause a measurable voltage drop from no-load conditions, but not so low as to cause the circuit to malfunction or operate outside of its linear range. Rth can then be calculated:

Rth = (Vth – VL) (RL) / (VL)
RN = Rth

2. Circuits with Dependent Sources ONLY (no independent sources) – Vth and IN for these circuits will always be zero. Rth and RN can be found using either of two methods:

a. Using an External Voltage Source – Connect a test voltage source (Vt) with a suitable value (any convenient value for analysis purposes or a value within the normal operating range for an actual circuit) to the circuit terminals. Determine the current (It) that flows through the voltage source. Rth can then be calculated:

Rth = Vt / It
RN = Rth

b. Using an External Current Source – Connect a test current source (It) with a suitable value (any convenient value for analysis purposes or a value within the normal operating range for an actual circuit) to the circuit terminals. Determine the voltage (Vt) across the current source. Rth can then be calculated:

Rth = Vt / It
RN = Rth

3. Circuits with BOTH Dependent and Independent Sources – When analyzing this type of circuit, you cannot separate the circuit into parts that would break or modify the dependent source’s connection to its controlling variable. Rth and RN can be found using methods similar to those used above, except for “Source Removal.” What is required is to analyze or test the circuit under two different conditions, where a “condition” is established by connecting something such as a short, a load, a voltage source, a current source, or nothing at all (an “open-circuit’) to the circuit terminals. For each of the two conditions (1 and 2), the voltage between the two terminals and the current flowing in/out of the terminals is determined; if those voltage and current values are represented by V1, V2, I1, and I2, Rth can be calculated as:

Rth = (V1 – V2) / (I2 – I1)
RN = Vth

For example, if condition #1 were an open circuit and condition #2 were a short circuit, then V1 = Vth, V2 = 0, I2 = Isc, and I1 = 0 and Rth = (Vth – 0) / (Isc – 0)   or  Rth = Vth / Isc.

Maximum Power Transfer

Maximum power is transferred to a load resistor (RL) when the value of the load resistor is selected to match the value of the Thevenin resistance (Rth) of the power source. Figure 1 demonstrates this for a value of Rth of 10 ohms.
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Figure 1

Suppose you were designing a circuit to deliver power to a 10 ohm load resistor. What would be the value of the Thevenin equivalent resistance, sometimes called the “output” or “source” resistance, that would deliver the most power to the load? Figure 2 indicates that the lower the value of Rth the better.


Figure 2

A Thevenin resistance of zero would be ideal, and in that case, the power delivered to the load would be highest for every load resistor you could pick. However, only an ideal voltage source has zero Thevenin resistance; all real circuits have a Thevenin resistance greater than zero. 

But once a circuit has been designed, and the value of Rth set, the maximum power for that Rth, will be delivered to the circuit’s load when the load resistance equals the Rth value. For example, if Rth = 5 ohms, then the power delivered to a 10 ohm load is 4.44 watts (higher than the maximum power when Rth = 10 ohms), but not as high as the maximum power delivered to a 5 ohm load, 5.0 watts.

Activity #1 – Thevenin Equivalent Circuit of the Function Generator

In this activity, you will determine the Thevenin equivalent circuit values (Vth and Rth) for the function generator on your bench by performing measurements and some calculations.

1. Get four 100 ohm resistors. You need not measure them.

2. Set the function generator to produce a sine wave with a frequency of approximately 400 Hz and an amplitude of approximately 5 volts AC RMS as measured on the Digital Multimeter. There should be no load connected to the function generator output for this initial set-up.

3. Accurately measure and record the function generator output voltage:

Vout  with no load = Vth = ____________________________ volts AC RMS

4. Connect a 100 ohm resistor across the function generator output; accurately measure and record  the voltage across the 100 ohm resistor:

Vout with 100 ohm load = VL =  ________________________ volts AC RMS

5. Using your two recorded voltage values and assuming the load resistor is exactly 100 ohms, calculate the Thevenin equivalent resistance of the function generator output.

Rth = (Vth – VL) (RL) / (VL)      where Vth = Vout with no load

Rth = ___________________ ohms

6. Draw the Thevenin equivalent circuit for the function generator output showing values for Vth and Rth based on your measurements and calculations.

Function Generator Thevenin Equivalent Circuit

7. Using your values for Vth and Rth, calculate the Norton equivalent circuit values IN and RN. Draw the Norton equivalent circuit for the function generator output showing values for IN and RN.
Function Generator Norton Equivalent Circuit

Activity #2 – Maximum Power Transfer

1. With the same function generator set-up used in Activity #1, measure and record the function generator output voltage with the load resistance values shown in Table 1. Use up to four 100 ohm resistors in parallel and/or series combinations to obtain the load resistance values shown in the table. Note that you already measured Vout with RL = 100 ohms above; just enter your previous Output Voltage value in the table.

Table 1: Power Transfer Measurements

	Load Resistance (ohms)
	Output Voltage (volts)
	Power to the Load (watts)

	25
	
	

	50
	
	

	100
	
	


2. Calculate the power delivered to the load for each of the test conditions and enter in Table 1.

3. Discuss how your measurement results compare to the concept of Maximum Power Transfer:

 Discussion:

Activity #3 – Thevenin Equivalent of a Circuit with Independent Sources Only

1. Using Multisim, open the file “Circuit_7_1.msm” in the class folder. The following diagram shows what is inside the sub-circuit box that you will see in Multisim.


2. Using the methods discussed in the “Background” section, perform tests in Multisim to determine the Thevenin equivalent values, Vth and Rth, for this circuit. Perform these tests by connecting measurement devices (voltmeter or ammeter) and a voltage or current source (if needed) to terminals A and B of the circuit. Be sure to turn the “RUN” switch OFF when changing any connections, values, or meter settings in the simulation.

3. Draw the Thevenin equivalent circuit, showing values for Vth and Rth; label terminals A and B.

Thevenin Equivalent for Circuit_7_1

Activity #4 – Thevenin Equivalent of a Circuit with Dependent Sources Only

1. Using Multisim, open the file “Circuit_7_2.msm” in the class folder. The following diagram shows what is inside the sub-circuit box that you will see in Multisim.


2. Using the methods discussed in the “Background” section, perform tests in Multisim to determine the Thevenin equivalent values, Vth and Rth, for this circuit. Perform these tests by connecting measurement devices (voltmeter or ammeter) and a voltage or current source (if needed) to terminals A and B of the circuit. Be sure to turn the “RUN” switch OFF when changing any connections, values, or meter settings in the simulation.

3. Draw the Thevenin equivalent circuit, showing values for Vth and Rth; label terminals A and B.

Thevenin Equivalent for Circuit_7_2

Activity #5 – Thevenin Equivalent of a Circuit with Independent AND Dependent Sources

1. Using Multisim, open the file “Circuit_7_3.msm” in the class folder. The following diagram shows what is inside the sub-circuit box that you will see in Multisim.


2. Using the methods discussed in the “Background” section, perform tests in Multisim to determine the Thevenin equivalent values, Vth and Rth, for this circuit. Perform these tests by connecting measurement devices (voltmeter or ammeter) and a voltage or current source (if needed) to terminals A and B of the circuit. Be sure to turn the “RUN” switch OFF when changing any connections, values, or meter settings in the simulation.

3. Draw the Thevenin equivalent circuit, showing values for Vth and Rth; label terminals A and B.

Thevenin Equivalent for Circuit_7_3
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