ELEC105L
Fundamentals of Electrical Engineering
Spring 2010
Lab #6:  Mystery! (on A&E?)

Why is this important?

It is possible that you could face this type of problem on the job someday. A client developing an integrated security system has asked your company to develop a battery-powered emergency lighting system.  They have gotten a good price on a pile of used “power sources,” all of which are contained in sealed, unmarked boxes.  Your client doesn’t want to hear about the risk of buying equipment from fly-by-night suppliers with questionable sources; they want to do the job as cheaply as possible.  Your company’s legal counsel has at least been able to verify that the “power sources” were not stolen, so your job now is to try to figure out what is inside the boxes or, failing that, to at least figure out how they will interact with the lighting system that will be connected to them.
No one knows quite what to make of these boxes.  You try to recall what you learned in ELEC 105, and suddenly it all comes rushing back to you.  Terminal measurements.  That’s it.  Terminal measurements are the key.  You dive for your old, faded backpack and pull out that pocket digital multi-meter you got for graduation.  (Lucky you!)  Fortunately, its batteries are still good.  Your goal now is to develop a measurement procedure to find out what is inside the mystery boxes. 

Grading

This lab is a “familiarization exercise” and therefore will be weighted 50 points.  To receive full credit, demonstrate the measurements specified in Step 2 below to your instructor, and submit the diagram and comments requested in Step 3 by 5 pm on the day following the lab session.  Only one submission per lab group is required; however, each member of the group must contribute to its production.  

Procedure
Your group will receive a sealed, unmarked box with a switch and a pair of terminals that represents one of the mystery boxes that the client purchased.  Of course, you could just break open the box to see what is inside, but the risk is that you might make the power source inoperable.  And anyway, your cheap client has purchased only just enough boxes to run the lighting system.  There are no spares.  You will have to think of something else.

There is another complication. The client needs this information fast because they have to deliver a working system in just a few days, so you are limited to just two hours with it.  After that, you will have to pass it along to the system designers.  You will therefore have to plan your measurements very carefully ahead of time.

1. One approach is to build a simple circuit that acts in exactly the same way as the mystery box. You remember that there was something called a Thévenin equivalent circuit (TEC).  You could probably build one if you knew the open-circuit voltage and the short-circuit current for the box.  So that seems like the first thing to find out.  But somehow the idea of a short circuit does not sit well with you.  After all, short circuits blow fuses and even start fires sometimes, don’t they?  And then you remember that time in high school when a kid you knew accidentally dropped a wrench across the terminals of the battery in his old car.  Sparks flew everywhere, and the wrench turned into scrap metal.  Scary.  So maybe an actual short circuit test isn’t such a good idea, at least not until you know a little more.  After all, you really have no idea what is inside the box.  Is there a safer way to make the second measurement you need?  For example, what if you connect an arbitrary resistance across the terminals and measure the voltage across it, or the current through it?  Be aware that some measured voltages might turn out to have negative values.  What would that signify?
2. Once you have a measurement plan, flip the switch on your mystery box and make the measurements.  After you have completed that task, you should be able to derive the Thévenin equivalent circuit and draw a diagram of it.  You could then build it and compare its characteristics with those of the mystery box.  At the very least, you could verify that the voltage measurements you make with the box are the same as those for the equivalent circuit.  Go ahead and build the equivalent circuit, and show the equivalent measurements to your instructor.
3. What if you measured the open-circuit voltage and the short-circuit current, and they both turned out to be zero?  What would that mean?  What could you do to learn something about the hidden contents of the box?

4. Give to your instructor, either in writing or by e-mail, a labeled diagram of the TEC you determined for your group’s box and the answer to the question posed in the previous step.  The diagram and answer are due by 5 pm on the day following the lab session.
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