ELEC 105
Laboratory Exercise #3
Spring 2010
Electronic Angle Indicator
Why is this important?
Many wireless communication and satellite systems make use of directional antennas that have the ability to concentrate radiated signals into a narrow range of angles.  Antennas are often located outdoors where the equipment users are not able to see them.  Consequently, a method for remotely detecting the direction in which the antenna is pointing can be very useful.  This type of sensor is called an angle indicator.  Angle indicators are also used in robotic and industrial systems to report the positions of articulating arms.  The goal of this lab exercise is to construct a simple version of an angle indicator using a handful of parts, a power supply, and a digital voltmeter.
Lab Grading

This lab is a “familiarization exercise” and therefore will be weighted 50 points.  To receive full credit, demonstrate the working system to your instructor, and submit the diagram requested in Step 5 below.  Only one submission per lab group is required; however, each member of the group should contribute to its production.  
The Problem
1. Recall that last week you learned a little about potentiometers.  The circuit symbol is repeated below in Figure 1.  The movable “tap” or “wiper arm” (terminal 2) in effect divides the resistor inside the potentiometer into two separate resistances and allows a direct electrical connection between the tap point and the outside world.  The two resistances add up to the total resistance Rpot labeled on the outside of the device.  The tap positions on the potentiometers available in our lab are controlled by a rotary shaft that can move through a 300° range, not a full 360°.
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Figure 1.   (a)  Circuit symbol for potentiometer.  The circles indicate connection terminals.  The numerical labels shown here are not standard; the terminals are not always marked on commercially available potentiometers.  (b)  The rotary shaft on many potentiometers is limited to a 300° range of motion.
2. Your task is to design and build an electronic angle indicator using only a power supply, a 10-k potentiometer, and any number of fixed resistors.  There are only a couple of constraints other than the value of the potentiometer.  First, only one section of the power supply may be used, and it must be set to the voltage level specified for your group by the instructor.  Second, the voltmeter in the DMM must be used to indicate the angular position using a scale factor of 1 mV/°.  That is, a position of 0° must be indicated by 0 mV, 150° by 150 mV, and so on.  Since the potentiometer can rotate through only a 300° range, your circuit should indicate angles between 0° and 300°.  (Angle indicators in commercial equipment use various tricks to get around this problem.)  Finally, your indicator should have an accuracy of ±10° or better.  Note that the voltmeters in the lab draw negligible current through them, regardless of the voltage being measured.
3. To help you track the rotation angle of the potentiometer, you may cut out the compass rose at the bottom of this page, place it on the protoboard, and punch the potentiometer’s leads through the paper in the center.  You might want to consider running some long wires along the surface of the protoboard from the potentiometer out to the edge of the compass rose.

4. Once your circuit has been assembled and is operating properly, demonstrate it to the instructor.
5. Draw a diagram of your final working circuit, and clearly mark all component values.  You should be especially careful to indicate exactly how each terminal of the potentiometer is wired into the circuit.  Also, indicate the ends of the potentiometer at which the wiper arm must be positioned when the rotating shaft is at 0° and at 300°.  Turn in your diagram to your instructor by 3 pm on the day after your group’s lab session.  For full credit, the diagram must represent a circuit that will function properly; that is, it must match your physical circuit.
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