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Laboratory # 3 Resistive Circuits

EE188L Electrical Engineering I
College of Engineering and Natural Sciences
Northern Arizona University

Objectives

At the completion of this lab, the student will be able to:

1.  Identify series and parallel connections of resistors.

2.  Calculate equivalent resistance of series and parallel resistors.

3.  Determine the voltage difference between any two nodes in a circuit.

4.  Effectively use the DMM (Digital Mulimeter) and Protoboard.

Important Concepts

1. The Protoboard is a type of breadboard for quickly making a prototype of a circuit. The 5 holes in a row are connected internally. Each long column is connected internally. There are 3 voltage sources on the board for +5 V, +15 V and – 15 V. They all have a common negative terminal which is connected to the ground of the power system. See the powerpoint file lab_02.ppt for more information on using the Protoboard.

2. Significant Figures is the number of accurate digits in a measurement and indicates the precision of the measurement. See http://en.wikipedia.org/wiki/Significant_figures for more information. Note that the number of significant figures is usually not the same as the number of decimal places. Please use 3 significant figures in this lab.

Activity # 1

In this activity, you are going to connect 4 resistors in various ways between 2 terminals called A and B. The objective is to learn the effect of various resistor connections on the equivalent resistance.

Definitions: A network is a group of electrical components connected together. Hopefully, the network does something useful, like your TV or cell phone. A terminal of a network is a node where you make connections to the network. Each network will almost always have two terminals since voltage requires two nodes. Often, one of the terminals is the ground node so it may look like there is only one terminal.

Instructions:

1. Get 4 resistors, all of the same value between 1 k and 5 k, from the supply cabinet.

2. Note the color code and nominal value of all 4 resistors according to the resistor color code and record in Table 1. Measure each resistor’s value with the DMM and record in the same table.

Table 1. Resistor Values

	Color Code
	Nominal Value, k
	Measured Value, k

	
	
	

	
	
	

	
	
	

	
	
	


3. [image: image10.emf]Using the Protoboard, connect all 4 resistors in a network between terminals A and B in whatever way you choose. You will try various combinations in this activity so go ahead and just try something. Draw the schematic in the box labeled Network #1 in Table 2 with enough room to record the voltage across each resistor.

4. Now connect the 5 V voltage source on the Protoboard between A and B. The ‘+’ terminal is the red one and is connected to A and the ‘–‘ terminal is the black one and is connected to B. Be sure the power button is on. Measure the voltage with the DMM and record the voltage on the schematic.

Caution: Do not short the two terminals of the power supply together! This power supply is designed to limit the maximum current but not all power supplies have this feature and you may damage the power supply.

Definition: If every resistor has a non-zero voltage across it, this is a legal network. If any resistor has 0 V across it, this is an illegal network. This definition just applies to this lab and is not a general EE definition.

5. To determine if your network is legal or illegal, measure all the resistor voltages and record on the schematic. Be sure to include ‘+’ and ‘–‘ along with the value and the units. You need all of these to indicate a valid voltage. Note if your network is legal or illegal.

6. Now disconnect the 5 V source (just removing the ‘+’ connection is adequate) and measure the equivalent resistance between terminals A and B of your network and enter the value at the top of the box in Table 2..

7. Now create another resistor network. Draw the new schematic in the box labeled Network #2 in Table 2, measure and label the voltages across each resistor, note whether it is a legal or illegal network and measure the equivalent resistance between A and B and enter the value at the top.

8. Create at least 2 more resistor networks and document those in the Network #3 and Network #4 boxes in Table 2.

9. There are at least 2 types of connections which will result in illegal networks. If you haven’t created any illegal networks, create 2 and document them in the boxes labeled #5 and #6 of Table 2 and measure the voltages across each resistor.  If one or more of your first 4 networks were illegal, then make sure you have created at least 2 illegal networks and 2 legal networks out of the 6. In the boxes below, explain why the 2 illegal networks are considered illegal in terms of the resistor connections.

	Network #____ is illegal because

	Network #____ is illegal because


10.   Now look at the networks you have tried so far. Jot down the pattern you observe between the value of the equivalent resistance and the type of resistor connections?

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

11. Now create the legal resistor network with the maximum possible equivalent resistance value and document it on the data sheet, measuring the voltage across each resistor and the equivalent resistance as before.

12. Now create the legal resistor network with the minimum possible equivalent resistance value and document on the data sheet, measuring the voltage across each resistor and the equivalent resistance as before.
Table 2. Resistor Networks

	Network #1

legal               Req = 



illegal  _______________________________
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	Network #2

legal               Req = 



illegal  ______________________________
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	Network #3

legal               Req = 



illegal  _______________________________
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	Network #4

legal               Req = 



illegal  ______________________________
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Table 2. Resistor Networks
, con’t.

	Network #5

legal               Req = 



illegal  _______________________________
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	Network #6

legal               Req = 



illegal  _______________________________
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	Network with minimum Req
 legal       Req = 
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	Network with maximum Req
 legal       Req = 
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Activity #2 Series and Parallel Resistors

1. Calculate the equivalent resistance of the following where R1 = 1 k while R2 has a range of values: 10 , 100 , 1 k, 10 k, and 100 k. Show your calculations under parts a and b and enter your results in Table 3.

a. Req,ser is the equivalent resistance of R1 and R2 in series. 

b. Req,par is the equivalent resistance of R1 and R2 in parallel.

2. Confirm your calculations by building and measuring the series and parallel resistor combinations on your protoboard. Enter your data in Error! Reference source not found. for the measured resistor values and the measured series and parallel combinations.

Table 3. Series and Parallel Resistors, Calculation

	R1
	R2
	Calculated Req,ser
	Calculated Req,par
	Measured Req,ser
	Measured Req,par

	1.0 k
	10 
	
	
	
	

	1.0 k
	100 
	
	
	
	

	1.0 k
	1.0 k
	
	
	
	

	1.0 k
	10 k
	
	
	
	

	1.0 k
	100 k
	
	
	
	


3. Do the measurements agree with the calculations? Comment on the differences.

	


4. Plot the nominal value of R1, and the calculated values of Req,ser and Req,par using the markers shown, as a function of each value of R2 using a log scale on both axes. See Figure 2 and be sure to finish labeling each axis.  See the files loglog.pdf and loglog2.pdf for examples of a log-log graph. Note that each tic mark is 10 times bigger than the previous tic mark. Also note that the subdivisions are not evenly spaced, but their logarithms are, (e.g., 5Ω is seven tenths of the distance between 1Ω and 10 Ω because log10(5) = 0.7.

Figure 2. Log-Log Resistance Plot
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5. For the series connection of R1 and  R2, finish the general rules below by observing the difference in the R1 and Req,ser points shown on the graph.

	   If R1 << R2, then  Req,ser  _______________________

   If R1 = R2, then  Req,ser  ________________________

   If R1 >> R2, then  Req,ser  _______________________


6. Similarly, for the parallel connection of R1 and  R2, finish the general rules below by observing the difference in the R1 and Req,par points shown on the graph.

	   If R1 << R2, then  Req,par  _______________________

   If R1 = R2, then  Req,par  ________________________

   If R1 >> R2, then  Req,par   _______________________


Figure � SEQ Figure \* ARABIC �1�. Schematic
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