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Lab #7:  Thévenin Equivalent Circuits
Introduction

Almost all electronic circuits are designed not to operate alone, but with other circuits or devices.  For example, stereo amplifiers are designed to drive speakers; generators are designed to provide power to households, buildings, or cities; and microprocessors are designed to operate with data buses.  In these situations one complicated circuit must interface with another complicated circuit.  It is often the case that only the voltage and current (or power) at the interface between two circuits are of interest and that the voltages and currents inside the individual circuits are inconsequential.  Instead of analyzing both circuits completely (such as by using nodal or mesh analysis), the Thévenin or Norton equivalent of each circuit can be used to determine the voltage and current at the interface.  In this lab experiment you will find the Thévenin equivalent circuit (TEC) of a piece of lab test equipment and also learn how to find the TEC of a circuit that contains another embedded TEC.
Theoretical Background

A function generator is a type of test equipment that generates time-varying signals with specific kinds of waveforms, most frequently sinusoids, square waves, and triangular (or “sawtooth”) waves.  The signal generated by a function generator is typically made available to the outside world via a coaxial cable connector, which consists of a center wire surrounded by insulation, which in turn is surrounded by a second metallic conductor, called a “shield.”  As shown in the left-hand side of Figure 1, the inner and outer conductors comprise the two terminals that serve as the interface to the external circuits that are connected to the function generator.

A function generator is a very complicated circuit, but, as shown in Figure 1, it can be modeled with respect to its output terminals using a Thévenin (or Norton) equivalent circuit.  The inner conductor of the output jack corresponds to one terminal of the TEC, and the outer conductor corresponds to the other terminal.  The Thévenin equivalent voltage vth in this case is time-varying rather than constant (DC).  The output voltage level of most function generators is variable.  The control that varies the output voltage is usually labeled “amplitude” or “level” and in effect varies the value of vth.  However, most generators are designed to maintain Rth at a certain value regardless of the setting of vth because many devices and circuits are designed to be operated with signal sources that have a very specific Thévenin resistance value.

[image: image1]
Figure 1.  Configuration of the output terminals of a function generator, and the TEC representation of the function generator.

The output voltage range of a function generator is often limited and cannot be adjusted to a level appropriately low enough to test sensitive circuits.  As shown in Figure 2, a simple resistor Rx could be connected in series with the output of the generator to drop some of the voltage across it and less voltage across the sensitive device under test (represented by RL).  However, that strategy effectively adds the value of Rx to the Thévenin resistance of the function generator.  If it is necessary to maintain the Thévenin resistance at some specified value, then this simple solution will not be satisfactory.  That is, the TEC with respect to the effective output terminals c-d of the generator will have a new Thévenin resistance of Rth(new) = Rth(old) + Rx.

[image: image2]
Figure 2.  Resistor added to the output of a function generator to obtain an extremely low load voltage.

An alternative is to use the circuit shown in Figure 3.  The two additional resistors provide an extra degree of design freedom so that, in addition to reducing the voltage vL appearing at the load by a specified amount, the circuit can also match the Thévenin equivalent resistance of the signal source (the function generator in this case).  This type of circuit is called an attenuator because it reduces, or “attenuates,” the effective Thévenin equivalent voltage of the signal source.  The three-resistor attenuator circuit shown here is symmetric; it does not matter which side is connected to the signal source and which is connected to the load (RL).  This is an important feature if the attenuator is to be located between two devices that send and receive signals to each other.  The attenuator must maintain the same overall Thévenin equivalent resistance whether the source is on its left or on its right at any given time.


[image: image3]
Figure 3.  An attenuator circuit inserted between a Thévenin equivalent signal source and a load.  The two resistors labeled R1 have the same value.
Attenuators are widely used in test and measurements situations, and commercially available units designed for Thévenin equivalent resistances of 50  and 75  are very common.  The latter resistance is standard in the cable television industry, while the former is standard in most wireless systems.  Attenuators with fixed and variable voltage reduction values are available.

Experimental Procedure

Complete the following tasks.  Keep careful notes for the report due at the end of the session.
· Adjust the Agilent 33120A function generator to produce a sinusoidal signal at a frequency of approximately 1 kHz.  (Use the “Freq” control.)  Adjust the amplitude control (“Ampl”) to produce a voltage of approximately 1 Vpp (peak-to-peak) as indicated on the unit’s display.  Note that this displayed amplitude is not necessarily the value you will measure as your work through this experiment.  (More about this apparent contradiction later.)  Make sure that you plug your test leads into the lower BNC output jack.  That is the one from which the output signal is taken.  The upper jack produces a synchonization signal that is provided to other test equipment in more sophisticated measurement configurations.
· Use channel 1 of the Agilent 54601A oscilloscope to measure the open-circuit output voltage of the function generator.  Note that Rth is not a physical resistor but represents the internal circuitry of the generator.  Without changing the amplitude setting of the generator, connect its output across a 1- resistor (or the smallest resistor value available above 1 ), which will serve as a load resistor RL as shown in Figure 1, and measure and record the voltage across the resistor using the oscilloscope.  Be sure to indicate whether you are using peak (pk) or peak-to-peak (pp) units.  Using these two measurements, find the TEC of the function generator.  How does the value of vth you found compare to the amplitude shown on the generator’s display?
Note that in theory you could have connected a short across the output of the function generator and measured the short-circuit current isc flowing through it.  You could then find the Thévenin equivalent resistance directly by evaluating Rth = voc / isc.  However, there are two potential problems with this approach.  First, it is not a good idea in general to short the output of a signal source.  Although many devices are designed to protect themselves in the event of a shorted output, many are not, and it is possible that the device could be damaged.  Second, in practice it is often more difficult to measure AC currents than it is to measure AC voltages.  This is especially true for signals in the RF/microwave frequency range (above approximately 1 MHz).

· Repeat the previous step, but this time use a load resistance of 10 k.  Repeat again using a value of 100 .
· Examine your open-circuit and loaded (i.e., finite RL value) voltage measurements, and consider the relative sizes of each pair of measurements for a given resistor value.  Think about possible sources of round-off error or other types of error in your calculations to find the TEC.  Based on your results, identify the resistor value that you feel allows the most accurate determination of the TEC of the function generator.  That is, which derivation of the TEC do you feel has the least error?  Explain your choice.
· Show your results and explain your choice for most accurate measurement in the previous step to the instructor or TA before proceeding to the next step.
· Connect to the output of the function generator a resistor whose value is as close as possible to the value you found for Rth, and measure the voltage across the resistor.  How does the value you measure compare to the amplitude shown on the generator’s display?
· To reinforce the previous results, connect the middle pin and one outside pin of a 500- potentiometer to the output of the function generator, thus creating a variable load resistance.  Use the oscilloscope to measure the voltage vL across the potentiometer’s terminals.  Adjust the potentiometer until the voltage displayed on the oscilloscope is exactly the same as the voltage shown on the function generator’s display.  The adjustment might be a bit touchy.  Then, being careful not to change the potentiometer’s setting, remove the potentiometer from the circuit, and measure and record its resistance.  Of course, you should make the resistance measurement across the same two terminals that were connected to the function generator.  Demonstrate this test to the instructor or TA.  Compare the resistance value you measured to the calculated Thévenin equivalent resistance of the generator.
· Suppose an attenuator like the one shown in Figure 3 with R1 = 17  and R2 = 67  were connected to the output of the function generator.  Using the values of vth and Rth you found earlier for the function generator, and applying any analysis method you wish, find the overall TEC of the function generator/attenuator combination (i.e., with respect to terminals c-d).  Refer to the voltage and resistance of the new TEC as vth2 and Rth2.  Show your work!
· Construct the attenuator described in the previous step using the nearest standard resistor values.  Connect the output of the function generator to one side of the attenuator.  Find the TEC (vth2 and Rth2 values) of the generator/attenuator combination using the same measurement procedure you employed earlier (i.e., measure vL with and without RL present).  Use the load resistor value that gives the most accurate results.  Calculate the percentage error between the measured value of Rth2 and that calculated in the previous step using “paper and pencil” analysis.  Use the calculated value as the reference value.
· Remove the attenuator from the output of the function generator, and set the amplitude to a value five times greater than the one you have been using.  Once again determine the TEC of the generator using measurements.  Determine by how much the value of vth has increased, and comment on whether the value of Rth has changed significantly.
Grading

Each group should submit their results and the answers to the questions posed in this handout in a clear, concise, and professional format.  The report does not have to be word-processed, but it should be easy to follow and as neat and well-organized as possible with the data presented unambiguously.  It is due at noon on the day following the lab session.  Each group member will receive the same grade, which will be determined as follows:

40%
Report – Completeness and technical accuracy, with all questions answered
10%
Report – Organization, neatness, and style (professionalism)

10%
Report – Spelling, grammar, and punctuation
20%
Discussion of Thevenin equivalent resistance measurement accuracy
20%
Demonstration of potentiometer test
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