ELEC 120L
Foundations of Electrical Engineering Lab
Spring 2007
Lab #9:  RC Circuits and Time Constants
Introduction

Combinations of resistors and capacitors have been used for decades in many important timing applications.  The timing of most traffic lights in the past, and many in the present, were and are controlled by RC circuits.  The timing of the turn signals in most automobiles is also controlled by RC circuits.  One of the most important concepts with which you will need to become familiar as an engineer is the that of the time constant.  In this lab exercise, you will work with an RC circuit and learn to measure its time constant using an oscilloscope.

Theoretical Background
When capacitors are present in circuits that are powered only by one or more DC sources, they tend to be charged to a particular voltage determined by the rest of the circuit and remain charged at that voltage as long as the circuit does not change state.  A change in state could occur if someone were to switch the power on or off or if a second switch applies or removes power to part of the circuit.  For example, when the slide switch in Figure 1 below is in the indicated position, current flows through the two resistors at all times.  However, if a long time (say, several seconds) has passed since the switch was placed in that position, there is not likely to be much, if any, charge moving into and out of the capacitor.  In that case, we say that the capacitor is charged and that the circuit as a whole is in equilibrium.

[image: image1]
Figure 1.  A simple RC circuit.  When the slide switch is in the position indicated, power is applied to resistor R and capacitor C, and the capacitor charges (i.e., voltage vC rises until an equilibrium state is reached).  When the switch is moved to the right-most position, the source of power is disconnected, and the capacitor is free to discharge through resistor R.

If set the time reference so that t = 0 corresponds to the instant the switch is moved to the right, then the expression that describes how the capacitor voltage vC changes with time in response is given by
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where vC(0) is the voltage across the capacitor at the instant t = 0.  What this expression states is that the capacitor voltage just after the switch is moved is the same as the voltage just before the switch is moved (because the voltage across a capacitor cannot change instantaneously) and the voltage will drop exponentially as charge leaves the capacitor.  The drop will be rapid at first, because the large capacitor voltage forces a relatively large current to flow through the resistor; the current through the resistor is equal to vC /R by Ohm’s law.  A large current flow means that charge leaves the capacitor rapidly.  As time goes by and the capacitor discharges, the voltage across the capacitor drops, and the size of the current flowing through R drops accordingly.  Since the current is smaller, the rate of loss of charge is less, and the capacitor voltage drops more slowly.
Experimental Procedure

· Construct the circuit shown in Figure 1 using the bench-top power supply to serve as the 10‑V source.  The resistor and capacitor values should be Rs = 10 k, R = 10 k, and C = 10 F.  Be sure to observe the correct polarity of the capacitor.  It is an electrolytic type, and because of its construction, one terminal must always be at a more positive voltage than the other terminal.  The negative terminal is marked on the capacitor’s body.  Calculate the time constant for the RC part of the circuit that controls how fast the capacitor discharges when power is removed (i.e., when the slide switch in Figure 1 is moved to the right-most position).  Also calculate what the voltage vC across the capacitor should be when it is fully charged, that is, when the circuit has reached the equilibrium state.
· We will now use the oscilloscope to record the capacitor voltage vC vs. time as it goes through a discharge cycle.  You might want to take careful notes during this procedure so that you can refer to them in future lab sessions.  The next few steps describe how to set up the oscilloscope to display a single “trace” instead of repetitively updating (retracing) as it would for a periodic signal like a sine wave.  First, adjust the horizontal (time) scale and the vertical (voltage) scale for the channel you are using to appropriate values for the voltage levels and time constant you will be observing.  Set the horizontal scale so that an approximately five time constant duration of the voltage decay will be displayed.

· Using the Mode button on the oscilloscope, set it to record a single trace.  Also adjust the trigger Level control to a trigger voltage just below your predicted value for vC(0).  Press the Slope/Coupling button, and set the ‘scope to trigger on a negative slope (since you want to record a discharge waveform).  Negative slope is indicated by a downward-pointing arrow on the screen above the left-most of the six buttons under the screen.  Press the Source button, and make sure the trigger source is set to channel 1.
· Use the Run, Stop, and Erase buttons to display a single trace of vC(t) when you remove power from the RC circuit.  The ‘scope should be in Run mode when you are ready to record a trace.  Use the Erase button to clear an old trace.  Apply and remove power a few times (i.e., move the slide switch) to verify that the horizontal and vertical scales are correctly set.  Allow enough time for the capacitor to charge and/or discharge fully between switch changes.
· Press the Cursors button to bring up a series of commands at the bottom of the screen.  Under the “Active Cursor” bar, you should see “V1,” “V2,” “t1,” and “t2.”  This indicates that two voltage and two time cursors are available.  Cursors are lines on the screen that can be moved using the knob just below the Cursor button.  They are used to mark start and stop voltage/time values along the trace.  Use the cursors to find a measured value for the time constant.  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, include units for each axis, 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.
· Now select appropriate values of Rs and R so that the RC circuit charges up to a value of 8 V with power applied (for a long enough time) and then discharges to a value of 2 V in 5 seconds.  Keep C = 10 F.  Briefly explain how you determined the two resistor values.

· Assemble the circuit with the new values for Rs and R, and test it.  Remove the ‘scope leads from the circuit, because its 1-M input resistance in parallel with R could create an equivalent resistance that is significantly lower than the value you intended.  Allow plenty of time for the capacitor voltage to stabilize at its proper starting value before testing the circuit.  Note that tolerance ratings for electrolytic capacitors can be 20% or more.  When you have verified that your circuit works, demonstrate it to the instructor or TA.
· Remove the power from the RC portion of the circuit, and allow the capacitor plenty of time to discharge.  You can measure vC using the multimeter to verify this, if you wish.  Change the resistors back to their original values (Rs = 10 k, R = 10 k).
· Using an “educated guess,” try to predict what a plot of vC vs. time might look like as the capacitor charges with the original resistors in place.  In some ways it will be different from the discharge plot, and in some ways it will be similar.  You do not have to derive a mathematical expression for vC(t); just a sketch is fine.  Your sketch should have axes labeled and all important times and voltages indicated.  At a minimum, you should try to predict what the time constant (if any) will be and show that information on the sketch.  It’s okay if your initial guess is incorrect.  Provide a brief summary of the thought process your group used to come up with your prediction before going to the next step.  Hint:  Use a Thévenin equivalent circuit.  Also, think about what vC must be when the switch is first moved and what it must be after a long time has passed.
· Set up the oscilloscope to record the charging voltage waveform of the capacitor.  Use the cursors to determine the time constant for charging.  Display the waveform and capture the image using the lab computer, or make a hand sketch of it.

· Demonstrate your measurement of the charging 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:

30%
Written part – Technical content

20%
Written part – Organization, neatness, spelling, grammar, and professional style
30%
Demonstration of 5-second timer
30%
Demonstration of charging waveform measurement
© 2007 David F. Kelley, Bucknell University
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