
ELEC 120L
Foundations of Electrical Engineering Lab
Spring 2007

Lab #2:  Resistors and Switches
Introduction

Resistors and switches are fundamental circuit components that are used in almost every kind of electronic device.  You worked with resistors in the previous lab, and you might remember using switches in the ENGR 100 EE seminar, if you took it last semester.  Resistors and switches are primarily employed to control and/or redirect current flow in circuits.  In this lab exercise you will design and assemble a circuit using several of each of these two important kinds of devices (and a voltage source) to make a voltmeter “count” from 1 to 5.

Electrical Switches
Switches come in a variety of shapes, sizes, and configurations.  There are toggle switches, pushbutton switches (both momentary and latching), slide switches, rotary switches, and many other types.  The type of switch used in a circuit depends on the particular application.  Typical circuit symbols for various kinds of switches are shown in Figure 1.  Switches are often specified as having a certain number of “poles” and “throws.”  A “pole” can be thought of as a terminal to which a switch lever is always attached.  A “throw” is a contact point to which the other side of the switch lever connects.  A single-pole single-throw (SPST) switch, for example, has one lever arm that is permanently connected on one side to one of the switch terminals.  The other side of the level arm is either connected (switch “closed”) or disconnected (switch “open”) to the second terminal.  In a single-pole double-throw (SPDT) switch, the free end of the lever arm can be switched between one of two possible terminals.  A double-pole double-throw (DPDT) switch has two independent lever arms that control two separate circuit paths.  Most SPST, SPDT, and
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Figure 1.  Circuit symbols for a variety of switch types.

DPDT switches have toggle or slide construction.  Multiple-throw switches (like the SP4T switch in Figure 1) are “rotary” switches; that is, a knob is twisted to select the switch position.

The primary purpose of a switch is to “make” or “break” a circuit path; that is, a switch can act either as a short circuit (0 ), which allows current to flow freely through it, or as an open circuit (∞ ), which prevents current from flowing through it at all.  It should be clear from Figure 1 that when the movable metal bar or lever arm in the switch connects two terminals together, current can flow freely between the terminals.
Assignment

Your task is to use five switches, the bench-top power supply, and a collection of resistors to design and construct a circuit that will make the bench-top voltmeter “count” from 1 to 5.  That is, when you press or toggle the first switch, the voltmeter should display approximately 1 V; when you press or toggle the second switch, the voltmeter should display 2 V; and so on.  Only one switch is to be pressed at any given time.  When no switch is pressed, the voltmeter should display zero.  There are an infinite number of ways to do this, so for the sake of consistency you will be required to use the circuit shown in Figure 2 as a starting point.
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Figure 2.  Numeral display circuit based on a voltmeter.  Although pushbutton switches are indicated here, you may also use slide or toggle switches.  Each resistor shown could actually consist of a combination of up to three resistors.
Since the power supply voltage vS is given as 5 V, you will need only to determine the resistor values R1 through R5 and RC.  The only restriction on the resistor values is that none can be less than 1 k.  This ensures that the circuit will not draw excessive current from the power supply.  If you have not discovered it already, you will find that there are a limited number of resistor values available in the lab.  It is likely that the resistor values you will need to make the circuit work are not available.  You may combine up to three resistors in series and/or parallel configurations to obtain the appropriate values for R1 through R5.  (For simplicity, try to use a single resistor for RC.)  The actual voltage value displayed on the voltmeter should be within ±5% of the assigned value (e.g., the voltage corresponding to “1” could be 0.95 V through 1.05 V).  You should use an analytical design approach (i.e., using appropriate circuit laws and solving equations) rather than trial-and-error.  If you must resort to trial-and-error, even if your assembled circuit works perfectly, you will not receive full credit.
Your group should also complete the following tasks:
1. Demonstrate the fully functional “counting” circuit to the instructor or TA.

2. Calculate the percentage error by which each actual voltage value differs from its assigned value.  Determine on your own which value should be considered the “reference” value for the error calculation.

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 circuit diagram, appropriate equations with variables clearly defined either by you or by reference to the diagram, your percentage error calculations and results with discussion, 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.  In other words, give enough information in an appropriate format so that a technically competent person who has not read this hand-out 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, although you are encouraged to submit the report before the end of the lab period.  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
Pushbutton





S4





S1





+


−





SP4T








SPDT





wire





DPDT




















SPST























lever arm





S3





R1





S2





R2





R3





R4





R5





S5





RC





vS


5 V





V





voltmeter





+             −








PAGE  
3

