Laboratory # 1 Basic Concepts

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

Objectives

1. Experience being part of a path that conducts electricity.

2. Learn about electrical voltage and current.

3. Examine how current flows through different paths in an electrical circuit.

4. Relate between a physical electric circuit and a circuit diagram on paper.

5. Use the laboratory power supply in simple circuits using wires and lamps.

Important Concepts:

1. Voltage is a measure of the difference in electrical energy levels between two points in an electrical circuit. Voltage is a condition; it can change over time, but it does not move through the circuit. Voltage can be thought of as electrical “pressure.”

2. Current is a measure of the movement or flow of electric charges through conductive paths in an electrical circuit when energy is transferred from one part of the circuit to another. Current cannot stand still; it has to move continuously through paths in the circuit that eventually close on themselves. In other words, if you could follow a specific particle of charge, it would follow a closed path or loop and continuously retrace its path.

3. Current generally flows only when there are voltage differences between points somewhere along its path. If you were to increase the voltage differences, the current normally would increase.

4. If you draw a box around any part of an electrical circuit diagram, any current going into the box must have a way out of the box. More specifically, the sum of the currents entering the box and the sum of the currents leaving the box must be equal.

Special Resources 

1. This lab requires two 12 volt, 15 watt lamps and screw-in lamp bases at each test bench.

2. The PowerPoint file “Lab 1 Photos .ppt” is available in the class folder.

3. The Excel file “Plot Lamp Data .xls” is available in the class folder.

Background

Electricity In Our Lives - Electricity plays a very important role in most complex systems, including the human body. Electrical signals are an integral part of the functioning of our brain, heart, nerves, muscles, and all of our senses. These signals are generated within the body but may be detected on the surface of the skin by sensitive electronic instruments during medical diagnostics. Low power, externally generated electrical signals can be conducted through the body without us feeling anything and with no harmful effects. Electrical signals can be used to promote healing of some bone fractures and to help relax tense muscles. Very large electrical signals can be used to re-establish normal rhythm during a heart attack. However, some electrical voltage and current combinations can be very dangerous, causing physical injury or even death. But the benefits of electricity far exceed its dangers; most all of our heating, cooling, cooking, refrigeration, lighting, transportation, communication, and entertainment systems rely upon electricity. Electrical engineering touches all parts of our lives.

Electrical Diagrams – A group of electrical elements and the interconnections between them is called a circuit. Circuits are represented on paper by a diagram using symbols for each of the circuit elements and lines connecting the elements together as would conductors or wires in a physical circuit. Chapter 1 in your text introduces several circuit element symbols. In this lab we will use two symbols, one for a voltage source (power supply) and one for a lamp:


The positive (+) terminal has a higher voltage or energy level than the negative (-) terminal. When a voltage source is supplying energy to other parts of the circuit, the current flows out of the positive terminal and returns to the negative terminal.

A diagram for a voltage source connected to a lamp might look like any of the following, The circuit elements and the interconnections define the circuit; many equivalent diagrams could be drawn with different positions and orientations of the elements. 

Activity #1 – Human Conductors

Your instructor will guide the class through this activity so that you may gain some first hand experience with electricity and the concepts of voltage, current flow, open circuits, series and parallel circuits, and switching. An audible (800 Hz for example) signal is conducted through students to an amplifier and speaker, and the tone is heard through the speaker whenever a conductive path is provided between the signal source and the amplifier.  The “circuits” are formed by groups of students holding hands. The very small currents flowing through your skin during this activity are harmless, and you will not feel them.

Activity #2 – Introduction to the laboratory DC power supply

1. Open the computer file “Lab 1 Photos .ppt” found in your EE188 lab section class folder on the S: drive. Study Photos #1 and #2 to learn about the controls and displays on the power supply; set the voltage to a value of 12 volts.

2. Using Photos #3 and #4 as a guide, set the current limit to a value of 1.7 amps.

3. Remove any wires connected to the output terminals.

Activity #3 – Working with a single lamp

1. Connect a 12 volt, 15 watt lamp to the power supply as shown in Photo #5. The lamp should be bright. The lamp is in “series” with the power supply (voltage source), meaning that all the current coming out of the positive terminal of the power supply flows through the lamp and returns to the negative terminal of the power supply; there are no other paths for the current to take.

2. Adjust the voltage to each of the values shown in Table 1, record the voltage and corresponding current as displayed on the power supply, and observe how the brightness and temperature of the lamp changes. The type of lamp used in this lab assignment is called “incandescent,” or emitting visible light as a result of being heated. Because of the wasted heat generated, incandescent lamps are not nearly as efficient as the fluorescent lamps that illuminate the laboratory. 

Table 1: Single Lamp Test Results

	Nominal Voltage (volts) and relative temperature
	Displayed Voltage (volts)
	Displayed Current (amps)

	1
	
	

	2
	
	

	4
	
	

	6
	
	

	8
	
	

	10
	
	

	12
	
	


3. Open the computer file “Plot Lamp Data .xls” found in your EE188 lab section class folder on the S: drive. In the yellow cells of the Excel file, enter the voltage and current values you recorded in Table 1. The Excel program will perform some calculations and create graphs of your data.

4. The relationship between voltage and current in a conductor is determined by a characteristic of the conductor called “resistance”, which you will learn more about in chapter 2 of the text. The resistance of relatively good conductors increases as the temperature of the conductor increases.

5. Graph 1 in the Excel file will show that the current through the lamp increases non-linearly as the voltage increases; this is caused by the change in resistance of the lamp filament when it heats up as the voltage is increased as shown in Graph 2.

6. Based on the data shown in Graph 3 in the Excel file, explain why lamps most often burn out the instant they are turned ON rather than after they have been ON for some time.

Explanation:

7. Compare your single lamp circuit (Photo #5) with each of the circuit diagrams in Figure 1 and identify which of the diagrams are valid representations of your circuit.



Activity #4 – Two lamps connected in parallel (both have the same voltage as the power supply)

1. Set the power supply voltage to zero.

2. Without disconnecting the lamp used in Activity #3, connect a second lamp to the power supply as shown in Photo #6. Both lamps should be on.

3. Increase the power supply voltage setting until the current reaches 1.6 amps. Record the voltage setting:


4. While observing the brightness of one of the lamps, unscrew the other lamp until it goes out. What happens to the brightness of the first lamp? Why? What is the new current value?


Observations:

5. While observing the brightness of the lamp that is on, screw in the second lamp. What happens to the brightness of the lamp you are observing? Explain what is happening in terms of the information in Graph 3 of the Excel file, realizing that the lamp filament is cold before the lamp is screwed in.

Observations:

6. Unscrew one of the lamps. Increase the power supply voltage setting to 12 volts. The remaining lamp should be bright.

7. While observing the brightness of the lamp that is on, screw in the second lamp. What happens to the brightness of the lamp you are observing? What happened to the power supply voltage display? What is the value of the power supply current display and how does it compare to the current limit value you set in Activity #1?

Observations:

8. Compare your two parallel lamp circuit (Photo #6) with each of the circuit diagrams in Figure 2 and identify which of the diagrams are valid representations of your circuit.




Activity #5 – Two lamps connected in series (both have the same current as the power supply)

1. Set the power supply voltage to zero and disconnect your Activity #4 circuit.

2. Build the circuit shown in Photo #7 in the computer file.

3. Set the power supply voltage to 12 volts. Both lamps should be on, but not at full brightness.

4. Unscrew one of the lamps. What happens? Why?

Observations:

5. Screw the lamp back in; both lamps should be on.

6. Increase the power supply voltage to 24 volts. What happens to the lamp brightness and the current display? Record the current value. 

Observations:

7. Since the same current is passing through both lamps, compare the current value against your recorded values in Table 1 of Activity #3 to estimate the voltage that must be across each of the lamps. How does the sum of your estimated voltages across the two series lamps compare to the 24 volt power supply voltage?

Observations:

8. Compare your series lamp circuit (Photo #7) with each of the circuit diagrams in Figure 2 and identify which of the diagrams are valid representations of your circuit.


9. Turn off the power supply, disconnect your circuit, put away all parts, and straighten up your bench.
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Figure 1: Single Lamp Circuit Diagrams
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Figure 2: Two Lamp Circuit Diagrams
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