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Lab #3:  Electronic Angle Indicator Using Voltage Dividers
Introduction

Many wireless communication and satellite systems make use of directional antennas, which 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 determining the direction in which the antenna is pointed can be very useful.  This type of sensor is called an angle indicator.  Angle indicators are also used in robotic and industrial systems.  The goal of this lab exercise is to construct a simple version of an angle indicator using a handful of parts and a digital voltmeter.
Theoretical Background
The heart of an angle indicator is a variable resistor, also known as a potentiometer.  In addition to this application, potentiometers have many other uses, most notably as volume controls.  The circuit symbol for a potentiometer is shown in Figure 1.  The device consists of a fixed resistor with a movable “tap,” or connection point, which is wired to a third terminal (labeled “2” in Figure 1).  The tap is also sometimes called a “wiper arm.”  The resistance between terminals 1 and 2 plus the resistance between terminals 2 and 3 add up to the overall fixed resistance value Rpot.  For example, if the tap is 1/4 of the way from the upper end of a 10-k potentiometer, then an ohmmeter would display 2.5 k between terminals 1 and 2 and 7.5 k between terminals 2 and 3.  The tap position can be controlled by a wide variety of mechanical means, but the most common is via a rotary shaft.  Less common, but still familiar to many people, is control via a slider that moves along a straight track.  Audio mixing boards often use the latter type of potentiometer.
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Figure 1.  Circuit symbol for potentiometer.  The numerical terminal labels shown here are not standard, and the terminals are not always marked on a physical unit.
In most angle indicator systems the shaft of a rotary potentiometer is mechanically coupled to a rod or axle.  As the rod or axle rotates, so does the potentiometer, which in turn changes the amount of resistance between the tap and each end terminal.  The variable resistance makes up part of a voltage divider, whose output voltage is measured using a voltmeter.  The voltage, which varies with the shaft’s rotation, is keyed to the angular position of the shaft.  By careful design, the numerical value of the voltage can be made to give the angle in degrees or in any other convenient unit.
There are many kinds of angle indicator circuits; one type is shown in Figure 2.  This circuit allows the angular direction to be expressed as a positive or negative value (e.g., between −180 and +180 degrees).  By carefully choosing the power supply voltage (VPS) and the resistor values, the voltmeter can be made to display a value between −180 and +180 mV or any other desired range of values, depending on where the wiper arm is positioned along the potentiometer.  Note that the voltmeter draws negligible current.  Hence, the resistors “stacks” (i.e., the R1-R2 branch and the R3-Rpot-R4 branch) can be treated as voltage dividers.  The power supply voltage and the fixed resistors set the maximum and minimum voltage values displayed on the voltmeter as the potentiometer varies through its full range of values.
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Figure 2.  Electronic angle indicator circuit capable of displaying positive and negative angle values.

Assignment

1. Design an electronic angle indicator like the one shown in Figure 2 to display a range of angles between approximately −150° and +150° using a 1-k potentiometer and a power supply voltage of 1.5 V (to simulate an alkaline cell).  The angular range is restricted because the potentiometers available to us cannot rotate a full 360°.  (You might want to check the actual rotation range before you start your design.)  Select the fixed resistor values (R1 through R4) so that the displayed voltage is scaled to 1 mV per degree; that is, the voltmeter should display the angular direction as a voltage in the range from −150 mV to +150 mV (or whatever angular range your potentiometer can cover).  You may assume that negligible current flows through the voltmeter.  There are many possible designs that will solve the problem.  However, make sure that no more than 1 mA flows through each resistor “stack.”  Take good notes, because you will have to provide a written description of your design process at the end of the lab session.
2. Demonstrate the fully functional angle indicator circuit to the instructor or TA.

3. Write a clear and concise description of the design process you followed to determine the resistor values in your circuit.  Your report should include a brief statement of the problem (i.e., the goal of your design), a well-labeled circuit diagram, appropriate equations with variables clearly defined either by you or by reference to the diagram, and a brief conclusion.  The introduction and conclusion sections can be just a few sentences each.  Be sure to include all important details, and make sure your report is neat and well organized.  As with the previous lab assignment, your report should give enough information in an appropriate format so that a technically competent person who has not read this handout could follow your report and repeat your results.  Only one report per group is required; however, each team member must contribute to its production.
Grading

Your group’s written report 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%
Description of design process – technical content

10%
Description of design process – spelling, grammar, word choice, and professional style

10%
Description of design process – neatness and organization

40%
Demonstration of working circuit

The compass rose below can be placed under or over the potentiometer on the breadboard to facilitate angle measurements:

[image: image3.png]20 3 20




Rpot























3








2





1





R1





+


−





R2








voltmeter





Rpot


1 k





V





R3





VPS


1.5 V





i ≈ 0





R4








PAGE  
1

