ELEC 120L
Foundations of Electrical Engineering Lab
Spring 2007
Lab #10:  RL Circuits and Real Inductors
Introduction

In the previous lab exercise, we saw how the rise and decay of the voltage across a capacitor varies according to the rate of charge flow (current) onto and off of its plates during charging and discharging. The voltage across and current through the capacitor vary exponentially, and the time constant associated with the exponential function is equal to RC, where R is the equivalent resistance connected to the capacitor C.  Inductors are “charged” and “discharged” in circuits, too, and, as with capacitors, the associated voltage and current vary exponentially with a time constant related to the inductance and the equivalent resistance connected to the inductor.  However, one important difference between real RC circuits and real RL circuits is that real inductors often have significant internal resistance due to the long, thin copper wires used to fabricate them.  In this lab exercise, you will work with a simple RL circuit and learn how to model and account for the internal resistance of a real inductor.

Theoretical Background
Inductors are typically constructed by winding several (sometimes hundreds or thousands) of turns of narrow-gauge wire around some type of core.  A core is simply a small piece of material used to support the wire, and it usually has a circular cross-section.  Many types of core materials are used, including ceramics, ferrite (an iron compound), and plastics.  Some cores are straight cylinders (solenoidal), and some are bent into a circle (toroidal).  The size, shape, cross-section, and material type of a core depend on the particular application.  The size of the wire used in the inductor has little effect on the inductance value that is obtained, but it does dictate how much current the inductor can pass without overheating and how many turns of wire can fit onto the core.  If many turns are needed, then very thin wire must be used, and a lot of it.  The undesirable result of this is that the wire itself could have a significant amount of resistance, ranging from tenths of Ohms to hundreds of Ohms, depending on the size of the inductor.  The resistance of the wire is called the internal resistance of the inductor.
Recall that the voltage drop across an ideal inductor (i.e., one without internal resistance) is given by
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which indicates that the inductor voltage is zero under DC (i.e., steady, unchanging current) conditions.  In other words, an ideal inductor acts like a short circuit to DC.  The inductance can be considered to be distributed evenly along the wire wound around the coil form.  The voltage drop across a real inductor, however, is a bit more complicated to determine.  Because of the internal resistance, an inductor has a nonzero voltage drop even if the current through it is steady DC.  If the current is changing, then the voltage drop across the component is partly due to the internal resistance and partly due to the inductance.  In most cases, the combined effect can be accounted for by modeling a real inductor as an ideal inductor in series with its internal resistance, as shown in Figure 1 below.  The actual voltage measured across the real inductor’s terminals is the sum of the drop due to the ideal inductance and the drop due to the internal resistance.  That is, using the notation given in Figure 1,
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Figure 1.  A simple RL circuit.  The dashed line indicates that the internal resistance Rint of the inductor L is being modeled as a separate resistor.  The two quantities L and Rint are interspersed in a real inductor, so the dashed line represents a single actual component.  When the slide switch is in the position indicated, current flows through the inductor and resistor R2, and the inductor current iL reaches an equilibrium state after a brief period of time.  When the switch is moved to the right-most position, the inductor is free to “discharge” through resistors Rint and R2.
The internal resistance Rint affects the “charge” and “discharge” rates of the inductor.  (The words “charge” and “discharge” are placed in quotes here because an inductor stores energy in a magnetic field sustained by a current, whereas a capacitor stores energy in an electric field sustained by separated charges.  However, there is no term associated with the build-up of current like there is with the build-up of charge.)  In the ideal case, in which the internal resistance is zero, the decay of current in a “discharging” inductor L is given by
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where iL(0) is the inductor current at the instant t = 0 when the “discharge” cycle begins, and R is the equivalent resistance connected to the inductor.  The time constant of a simple RL circuit is therefore given by
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In the case of a real inductor, the internal resistance Rint has to be included in the calculation of the equivalent resistance R.
Experimental Procedure

· Construct the circuit shown in Figure 1 using the bench-top power supply to serve as the 10‑V source.  Resistors R1 and R2 are real units, but Rint is the internal resistance of the inductor.  Use an inductor with a nominal (labeled) value of 10 mH.  Before placing the inductor in the circuit, measure its internal resistance using the digital multi-meter (DMM).

· Calculate the time constant that controls how fast the inductor current decays when power is removed (i.e., when the slide switch in Figure 1 is moved to the right-most position).  Use care when deciding which resistors to include or not to include and whether the resistors are in series, parallel, or a combination of the two.
· Now derive an expression for the voltage vo across the real inductor for the case when it “discharges” (i.e., when the switch in Figure 1 is moved to the right).  The instant the switch is moved is defined as t = 0.  Note that you will have to determine the value of the DC inductor current when it is fully “charged,” that is, when the circuit has reached the equilibrium state with the switch in the left-most position.
· Set up the oscilloscope to record the voltage vo vs. time as it goes through a discharge cycle.  Refer to your notes from last week to select appropriate horizontal (time) and vertical (voltage) scales and the proper Mode, Level, Slope/Coupling, and Source settings.
· Use the Run, Stop, and Erase buttons to display a single trace of vo(t) when you remove power from the RL circuit.  The time constant in this circuit is very short, so you do not have to make a special effort to allow for the “charge” and/or “discharge” time between switch changes.  The trace you obtain should look substantially different from the ones you saw last week when the capacitor charged and discharged.
· Explain why the part of the vo waveform corresponding to t < 0 (i.e., before the switch is moved) is not zero.  Include explanations of the polarity and magnitude of the voltage.
· Use the Cursors feature of the oscilloscope to measure the RL time constant.  Careful!  This is a “discharging” waveform, not a “charging” waveform.  Record the value, and compare it to the value you predicted.
· Capture the image on the screen using the lab computer, or make a hand sketch of it.  If you choose to do the latter, be sure to label the axes, including units, and indicate any important voltage levels and time instants, especially those displayed with the cursors.  If you need help, refer to the document “How to Capture Oscilloscope Traces,” which is available on the Lab web page.
· Demonstrate the captured waveform to the instructor or TA.
Grading

Only one report per lab group is required; however, each member of the group should contribute to its production.  Your group’s written report is due at noon on the day following the lab session.  The written part of the report should include all of the information, calculations, explanations, and plots requested in the steps listed above.  This week’s grade will be distributed as follows:

40%
Written part – Technical content

20%
Written part – Organization, neatness, spelling, grammar, and professional style
40%
Demonstration of inductor “discharge” waveform measurement
© 2007 David F. Kelley, Bucknell University
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