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Laboratory # 2 Test Bench
EE188L Electrical Engineering I
College of Engineering and Natural Sciences
Northern Arizona University

Objectives

1. Learn how the Protoboard is wired.

2. Introduction to equipment on the test bench: DMM, oscilloscope and function generator.

Grading:

Activity #1


 / 20

Activity #2


 / 25
Activity #3


 / 20

Activity #4


 / 25

Activity #5


 / 10

Important Concepts:

1. A test bench is used to measure electrical circuits. Each test bench in the laboratory contains a dc power supply, digital multimeter, oscilloscope, Protoboard, function generator, and computer. You will continue learning about these pieces of equipment in this lab.
Special Resources 

1. The PowerPoint files “Lab 2 Photos.pps” and “Electronics Lab Equipment.ppt” are available in the class folder.

Activity #1 – Introduction to the Digital Multimeter (DMM)

The Digital Multimeter, or DMM, is used to make voltage, current or resistance measurements. This activity we will use the DMM to measure resistance.
1. Get 4 resistors, of different values 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
	Measured Value
	% Error

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


3. Calculate the % Error for each resistor as 

% Error = 100 * (Measured Value - Nominal Value) / Nominal Value

4. Resistors are normally sold as 1 %, 5 %, or 10 %, meaning the actual value has a % Error less than that. From your small sample, what is the accuracy of these resistors?

Activity #2 – Introduction to the Protoboard
The Protoboard is a handy device for wiring circuits. There are built-in power supplies and holes for plugging in devices like resistors, capacitors, and integrated circuit and making connections with wires.

1. In our lab, the protoboard comes with three built-in dc power supplies. Look at the Protoboard and note the nominal values of the power supplies.
Table 2. Protoboard DC Power Supplies
	Nominal Voltage
	Measured Voltage
	% Error

	
	
	

	
	
	

	
	
	


2. Voltage sources always have two terminals. In the protoboard, the “-“ terminal of all 3 dc power supplies are connected together. Draw the symbol for this reference node.

3. Note the switch in the upper left corner. Turn the switch on and measure the dc voltages of the 3 power supplies. Record these voltages in Table 2.
4. Calculate the % Error for each voltage source as 

% Error = 100 * (Measured Value - Nominal Value) / Nominal Value

5. Note the rows and columns of connectors on the Protoboard. These are composed of 5 sets of holes. Use the DMM to measure resistance and determine the connections of all the holes on the Protoboard. Note than a connection will measure as nearly 0  while no connection will measure as an open circuit.
In the drawing below, draw lines between holes which are connected.

[image: image1.png]



Activity #3 – Introduction to the Function Generator
In this activity, we will use the function generator to create a periodic waveform, i.e., a waveform that repeats over and over. Examples are square waves, triangular waves and sinusoidal waves. First, we will set up 2 resistors on the Protoboard.
1. Connect two of the resistors in series on the Protoboard. Note the nominal values of the individual resistances and the total resistance.
Table 3. Series Resistors
	
	Color Code
	Nominal Value
	Measured Value

	R1
	
	
	

	R2
	
	
	

	R1 and R2 in series
	---
	
	


2. Measure the value of the series connection and confirm that Rseries = R1 + R2.

3. Now turn on the function generator. See the slides in the file “Electronics Lab Equipment.ppt”. The function generator may not exactly match the equipment at your bench.

4. Connect the terminals of the function generator across the series resistors. Set the buttons for a 100 KHz sinusoidal waveform. In the next Activity, you will create a specified waveform and view it with the oscilloscope.
Activity #4 – Introduction to the Oscilloscope
The oscilloscope is a measurement instrument that shows waveforms as functions of time in a tiny CRT. You can display 2 waveforms, A and B, at the same time.

1. Turn on the oscilloscope with the green POWER button. 

2. Connect the terminals for channel A across the series resistors. These should make the same connections as the function generator. Note that the ground clip for both the oscilloscope and function generator must be connected to the same terminal.
3. You might already see a waveform. If not, press the green AUTO SET button. This is a handy feature but can also be a crutch. Now you should definitely see a sinusoidal waveform.
4. Make sure to set the ground level on the A waveform by pressing GND, then adjust the Y POS control. Make sure the VAR controls are in the CAL position. The file “Electronics Lab Equipment.ppt” has some very nice photos and explanation of these features.

5. Now adjust the function generator controls so that the DC value is 1 V, with a magnitude of 1 V.

6. Use the DMM to measure the DC, AC-RMS and True-RMS values voltages.

VDC = 
   VAC = 
   VTrueRMS = 


7. Use channel B to display the voltage waveform across the resistor which is connected to the ground clips.

8. What are the following for the B waveform?

VDC = 
   Vmagnitude = 

9. Use voltage divider to calculate these values, given the measured values of the resistors and the waveform from the function generator.

VDC = 
   Vmagnitude = 

10. Compare what you calculated and what you measured.
Activity #5 – Identifying Equipment Use

In this activity, the following are common activities in a test lab. Identify which piece(s) of equipment would be used in each one.
	Activity
	Equipment

	Measure the output voltage of an inverter
	

	Provide +5 V for a digital circuit
	

	Generate a pulse waveform to drive an inverter
	

	Measure the delay of an inverter by displaying both the input and output waveforms
	

	Quickly build a sensor and amplifier circuit
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