ELEC 105
Laboratory Exercise #1
Spring 2010
Batteries, Resistors, and a Thing Called “KVL”
Why is this important?
Batteries and resistors are some of the most widely used circuit elements in all types of electrical and electronic devices.  The purpose of this exercise is to help you learn more about these common devices and at the same time become more familiar with the instruments and equipment used in the lab.  You will also see an application of Kirchhoff’s voltage law (KVL).
Lab Grading

This lab is a “familiarization exercise” and therefore will be weighted 50 points.  To receive full credit, e-mail the comments requested in Steps 4 and 6 in the “Resistor Voltage Measurements” section to your instructor.

Battery Measurements
1. Please read “Using a Voltmeter” at the following web site:
http://www.facstaff.bucknell.edu/smithbsh/Using a Voltmeter.htm
There you will find information on using the multi-meter to make measurements in more complicated circuits than we have seen so far.

2. Connect a pair of test leads between the multi-meter and one of the provided batteries as shown in the diagram below.  Show the instructor the voltage you measure.  Does your measurement match the labeled voltage of the battery?
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Figure 1.  Connections required to measure the voltage of a 9-V battery using a digital multi-meter.
3. Instead of representing circuits with drawings of the various devices that make it up, an equivalent-circuit diagram can be used in which each element is represented by a symbol.  The battery may be represented by the battery symbol or the ideal voltage source symbol.  These are shown in Figure 2 along with the symbol for a voltmeter.
[image: image2.png]Syrnbol for  Symbal for Syrbol for
Battery Woltage Source Woltmeter

i

I




Figure 2.  Circuit symbols for battery, ideal voltage source, and voltmeter.
Either of the two following equivalent circuit diagrams could represent the physical circuit.
[image: image1]
Figure 3.  Equivalent circuit diagrams.
For each measurement that you make in the laboratory later in the semester, you need to have a diagram of the physical circuit and/or an equivalent circuit diagram.  The latter is usually preferable.
4. Next, interchange the test leads at the terminals of the battery used in the first measurement.  Show the instructor the voltage you measure.   How does it compare to the first measurement?
5. Obtain a second battery and connect it to the first battery as shown in Figure 4.  Connect the multi-meter as shown and measure the voltage of the two-battery combination.


[image: image3]
6. Connect the two negative terminals of the batteries together (push them together with your hands), and connect the test leads to the free terminals.  Alternatively, you may use battery clip leads if they are available.  Show the voltage you measure to the instructor.  Do you think the measurement makes sense?
Resistor Voltage Measurements
1. Use the power supply, the test leads, the protoboard, and the appropriate resistors to assemble the circuit shown in Figure 5.  If you are unfamiliar with protoboards, the instructor will show you how the holes are interconnected.  The resistor color code is available via a link on the lab web site.

[image: image4]
Figure 5.  Circuit configuration for resistor voltage measurements.

2. Complete Table 1 for the circuit represented in Figure 5.  The voltage column should be filled with the values of voltages V1, V2, and V3 that you measure across resistors R1, R2, and R3, respectively.  The boxes at the bottom labeled “sum” should contain the sums of the three resistor values and the three voltages you measured (i.e., R1 + R2 + R3 and V1 + V2 + V3).  To fill in the “Power Dissipation” column, calculate the power absorbed by each resistor using the voltages you measured and the resistor values.

3. Touch R1 with your finger after the circuit has been operating for a minute or so.  Does the resistor feel warm?

Table 1.  Measurement and calculation data for the circuit shown in Figure 5.

	Resistor
	% of Total Resistance
	Voltage (V)
	% of Total

Voltage
	Power Dissipated

(mW)

	27 k
	
	
	
	

	9.1 k
	
	
	
	

	3.3 k
	
	
	
	

	sum:
	
	sum:
	
	


4. Compare the percentage of the total resistance to the percentage of total voltage for each resistor.  Share some brief comments on the results summarized in Table 1 in an e-mail to your instructor.

5. Complete Table 2 for the circuit shown in Figure 5 but with the resistor values changed to R1 = 270 , R2 = 91 , and R3 = 33 .
Table 2.  Measurement and calculation data for the circuit with R1 = 270 , R2 = 91 , and R3 = 33 .

	Resistor
	% of Total Resistance
	Voltage (V)
	% of Total

Voltage
	Power Dissipated

(mW)

	270 
	
	
	
	

	91 
	
	
	
	

	33 
	
	
	
	

	sum:
	
	sum:
	
	


6. Compare the percentage of the total resistance to the percentage of total voltage for each resistor for the second case.  Share some brief comments on the results summarized in Table 2 in the e-mail to your instructor.  Compare the results recorded in Table 1 to those recorded in Table 2 and share those observations as well. 

7. Touch R1 with your finger after the second circuit has been operating for a minute or so.  Does the resistor feel warm?

8. Remember to e-mail the comments requested in Steps 4 and 6 to your instructor.
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Figure 4.  Interconnection of two batteries for measurement of combined voltage.
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