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PATHWAY:  
Electronics

COURSE:  

Foundations of Electronics
UNIT 8: 

ENGR_FE_8 Theories in Electronics
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Annotation: 
This unit covers circuit analysis theory and use of the metric system, especially units of measurement relative to electronics.

Grade(s): 

	x
	9th

	x
	10th

	x
	11th

	x
	12th


Time:  
10  Hours
Author: 
Jimmie Fouts
Students with Disabilities:

For students with disabilities, the instructor should refer to the student's IEP to be sure that the accommodations specified are being provided appropriately. Instructors should also familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation. Many students (both with and without disabilities) who struggle with reading may benefit from the use of text reading software or other technological aids to provide access to printed materials. Many of these are available at little or no cost on the internet.
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GPS Focus Standards: 
ENGR-FE-5: Students will identify electronic theories applicable to electronic processes. 


a. Define Ohm’s law and formula component parts. 


b. Define Kirchhoff’s law and component parts. 


c. Define Watt’s law and component parts. 


d. Design and analyze a simple circuit to determine the values of the various electronic component parts. 


e. Demonstrate the use of metric prefixes and value conversions
GPS Academic Standards:
MM1P1.  Students will solve problems (using appropriate technology). 

MC3P4.  Students will make connections among mathematical ideas and to other disciplines. 

SCSh3.  Students will identify and investigate problems scientifically. 

SP5.  Students will evaluate relationships between electrical and magnetic forces.
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Enduring Understandings: 
Students will be able to simplify and analyze circuits using a theoretical framework. Students will understand metric measurements, prefixes, and conversions.
Essential Questions: 
· How do Kirchhoff’s Laws help with circuit analysis?
· What are the implications of Kirchhoff’s Current Law? 

· Why is Kirchhoff’s Voltage Law for electrical signals significant?

· What happens to the voltage when a cross-sectional area of a piece of wire is increased and why is it significant?
· For a given resistance, does an increase in the voltage across that resistance result in more, less, or the same amount of power consumption? Why or why not?

· Why is the term Gigabyte used rather than 1 billion bytes?

Knowledge from this Unit:  
Students will:
· Relate Ohm’s Law to its importance in electronic design and troubleshooting.
· Explain the concepts behind Kirchhoff’s Voltage Law.

· Describe the implications of Kirchhoff’s Current Law.
· Identify methods for simplifying and analyzing circuits.
Skills from this Unit:  
Students will be able to:
· Outline the power used for circuit operation.
· Utilize techniques to simple current circuits for proper operation.
· Apply Kirchhoff’s Law and Watt’s Law to demonstrate important concepts about electronics design.

· Manipulate metric measurement prefixes.
· Generate value conversions from one form to another.
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Assessment Method Type: 
	
	Pre-test

	x
	Objective assessment - multiple-choice, true- false, etc.

	
	__ Quizzes/Tests

__ Unit test

	
	Group project

	x
	Individual project

	
	Self-assessment - May include practice quizzes, games, simulations, checklists, etc.

	
	__ Self-check rubrics   

__ Self-check during writing/planning process

__ Journal reflections on concepts, personal experiences and impact on one’s life

__ Reflect on evaluations of work from teachers, business partners, and competition judges

__ Academic prompts

__ Practice quizzes/tests

	x
	Subjective assessment/Informal observations

	
	__ Essay tests

_x_ Observe students working with partners

__ Observe students role playing

	x
	Peer-assessment  

	
	__ Peer editing & commentary of products/projects/presentations using rubrics

_x_ Peer editing and/or critiquing

	x
	Dialogue and Discussion

	
	__ Student/teacher conferences
x__ Partner and small group discussions

__ Whole group discussions
__ Interaction with/feedback from community members/speakers and business partners

	
	Constructed Responses

	
	__ Chart good reading/writing/listening/speaking habits

__ Application of skills to real-life situations/scenarios

	x
	Post-test


Assessment Attachments and / or Directions: 
Theories in Electronics Unit Review Test

Theories in Electronics Unit Review Test Teacher Key
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•
LESSON 1:  INTRODUCTION TO OHM’S LAW

1.
Identify the standards. Standards should be posted in the classroom.     

ENGR-FE-5: Students will identify electronic theories applicable to electronic processes. 

a. Define Ohm’s law and formula component parts. 

b. Define Kirchhoff’s law and component parts. 

c. Define Watt’s law and component parts. 

d. Design and analyze a simple circuit to determine the values of the various electronic component parts. 

e. Demonstrate the use of metric prefixes and value conversions.
2.
Review Essential Question. Post Essential Questions in the classroom. 

· What happens to the voltage when a cross-sectional area of a piece of wire is increased and why is it significant?

3.
Identify and review the unit vocabulary. Terms may be posted on word wall. For definitions, see the Theories in Electronics Vocabulary Teacher’s Guide.

	Work
	Power
	Force

	Horsepower
	Efficiency
	Voltage

	Current
	Resistance
	Conductors

	Insulator
	Fuse
	Potentiometer

	Color Code
	
	


4.
Use a schematic diagram of a series-parallel combination circuit to illustrate circuit connections. Construct the circuit on a breadboard and demonstrate the proper measurement of voltage and current in the circuit during operation. Explain the importance of being able to predict circuit performance prior to circuit operation and troubleshooting. Discuss insulators, conductors, fuses, resistors, and potentiometers as necessary.  Discuss the interconnections necessary to accomplish a complete circuit.
5.
Provide students with an overview of Ohm’s Law. Pass out the Ohm’s Law Handout to the students. Discuss the handout and allow students time to summarize the information in their Engineering Notebook. 
6.
Have students complete the Ohm’s Law Practice Worksheet. Use the Ohm’s Law Practice Worksheet Key for answers. 
7.
Summary: This lesson provides students with the knowledge and information needed to perform voltage, current, and resistance calculations in a simple electronic circuit. Students are introduced to the relationship of voltage, current, and resistance prevalent in all electronic equipment. A good understanding of this relationship is essential for effective design, construction, and troubleshooting of electronic devices.
•
LESSON 2: INTRODUCTION TO KIRCHHOFF’S LAW

1.
Review Essential Questions. Post Essential Questions in the classroom. 
•
What are the implications of Kirchhoff’s Current Law? 

•
Why is Kirchhoff’s Voltage Law for electrical signals significant?
2. Provide students with an overview of Kirchhoff’s Current Law. Give them a copy of the Kirchhoff’s Current Law Handout and allow them time to summarize the information about the Current Law in their Engineering Notebook. They will also complete the Laboratory and Work Session at the end of this handout. Resistance values and power supply source should be selected by the Instructor based upon the availability of materials. A DMM or other voltage and current measurement device will be required for the completion of the activity.
3.
Provide students with an overview of Kirchhoff’s Voltage Law. Give them a copy of the Kirchhoff’s Voltage Law Handout and allow them time to summarize the information about the Voltage Law in their Engineering Notebook. They will also complete the Laboratory and Work Session at the end of this handout. Resistance values and power supply source should be selected by the Instructor based upon the availability of materials. A DMM or other voltage and current measurement device will be required for the completion of the activity.
4.
Summary: This lesson introduces Kirchhoff’s Current and Voltage Laws. These laws are important assets for explaining electrical system operations. An understanding of current flow is essential to good electrical system design, construction and repair.

•
LESSON 3: INTRODUCTION TO WATT’S LAW

1.
Review Essential Questions. Post Essential Questions in the classroom. 

· For a given resistance, does an increase in the voltage across that resistance result in more, less, or the same amount of power consumption? Why or why not?

2. Students should read and study the information in the Watt’s Law Handout. They will then practice using Watt’s Law by completing the Watt’s Law Practice Worksheet. For answers, see the Watt’s Law Practice Worksheet Key. This activity will also reinforce the use of Ohm’s Law for electrical circuit design and troubleshooting.
3.
Summary: This lesson presents Watt’s Law and an explanation of electrical energy both potential and kinetic. It is important that students have a good understanding of the reason for and method of calculating power in watts. This information will assist design and repair efforts and help prevent early circuit design problems.

•
LESSON 4: ANALYZING SIMPLE RESISTIVE CIRCUITS 

1. Review Essential Questions. Post Essential Questions in the classroom. 
· How do Kirchhoff’s Laws help with circuit analysis?

2.
Pass out the Simple Resistive Circuits Worksheet and have students follow the instructions on the worksheet. Students will construct circuits, conduct measurements, apply calculations, and demonstrate the applicability of the theory laws presented in this lesson. This may be performed in groups of 2 if desired by the instructor. Use the Simple Resistive Circuits Worksheet Key for answers. 
3.
Summary: This lesson introduces the use of Ohm’s Law, Kirchhoff’s Law, and Watt’s Law for the solution of combination series-parallel electronic circuits. This lesson makes application of the concepts learned in the prior lessons for the solution of more complex circuitry.

• LESSON 5: METRIC PREFIXES AND VALUE CONVERSIONS

1.
Review Essential Questions. Post Essential Questions in the classroom. 

· Why is the term Gigabyte used rather than 1 billion bytes?

2. Students should be familiar with the origin and use of common electronic terms. Provide students with a copy of the Origins of Unit Names Handout. Students will prepare a presentation that describes a specific unit of measurement and quantity units for that measurement and include a description of the inventor/scientist for whom it is named. The presentation may be presented to the entire class and students may work individually or in groups as determined appropriate by the instructor.
3.
Show and discuss the Engineering Notation PowerPoint. Encourage students to take notes during the presentation and be sure to answer any of their questions. 
4. Summary of Lesson: This lesson provides a basic overview of important and frequently used electronic formulas. It also presents the opportunity for students to practice number conversion based on the various commonly used prefixes.
•
ATTACHMENTS FOR LESSON PLANS

Origins of Unit Names Handout
Ohm’s Law Handout
Ohm’s Law Practice Worksheet
Ohm’s Law Practice Worksheet Key
Kirchhoff’s Current Law Handout
Kirchhoff’s Voltage Law Handout
Watts Law Handout
Watt’s Law Practice Worksheet

Watt’s Law Practice Worksheet Key
Theories in Electronics Vocabulary Teacher’s Guide
Engineering Notation PowerPoint
Simple Resistive Circuits Worksheet
Simple Resistive Circuits Worksheet Key

•
NOTES & REFLECTION: 

Teachers should be aware that most of these units do include circuit components that must be available for the students to participate. The unit activities have been designed to utilize a minimum of components while still providing a valuable learning experience. It is suggested that students utilize a breadboard for circuit construction. A listing of potential component suppliers has been provided at the end of this Unit. Most components can be obtained in a bulk quantity for a better pricing than parts that are individually packaged. It is suggested that a 5VDC to 12VDC power source be made available to students for testing their appropriate circuits. A 9V transistor battery is a suitable alternative.
Resistors may be either ¼ or ½ watt for these lessons. ½ watt resistors generally have a slightly larger lead diameter and are often easier to use with the breadboard.
Students should be monitored for proper construction technique and proper usage of test equipment. Circuit construction can be accomplished by students individually or in teams of two as appropriate for the given classroom situation.
Students should maintain an Engineering Notebook of all activities they accomplish during the Unit. This will serve as a reference source for the culminating activity. The Engineering Notebook should reflect any notes taken, actions performed, lessons learned, and things that worked or did not work. Difficulties and successes should also be documented. This should serve as a diary of what was learned during class.
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Culminating Unit Performance Task Title:
What Does the Circuit Tell Us?
Culminating Unit Performance Task Description/Directions/Differentiated Instruction: 
Use the What Does the Circuit Tell Us Worksheet to complete a laboratory project. This is easily accomplished individually or in small groups dependent upon student population and materials available. It is also applicable for use with small groups.

For grading use the What Does the Circuit Tell Us Worksheet Key.
Attachments for Culminating Performance Task: 
What Does the Circuit Tell Us Worksheet 
What Does the Circuit Tell Us Worksheet Key
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Web Resources:
· http://www.1728.org/resistrs.htm Parallel Resistance Calculator 
· http://www.sengpielaudio.com/calculator-ohm.htm Electrical Current and Power Calculator 
· http://www.ifigure.com/engineer/electric/electric.htm Electrical Engineering Calculators
· http://electrical-engineering-portal.com/resources/knowledge/theorems-and-laws Theorems and Laws 
· http://bowest.com.au/library/theorems.html Electrical Circuit Theorems
· www.alliedelec.com Allied Electronics 
· www.digikey.com Digi-Key

· http://elexp.com/ Electronix Express

· www.futureelectronics.com Future Electronics
· www.jameco.com Jameco

· www.mouser.com Mouser
· www.newark.com Newark
· www.onlinecomponents.com Online Components 
· www.radioshack.com Radio Shack

· http://octopart.com/partsearch Octopart 
Materials & Equipment: 
· Computer with Internet Access
· Power Supply (6 to 12 vdc) or battery power source

· Misc. resistors

· Connecting wire (solid 20 to 22 gauge)
· Breadboards
· Voltmeter or Multimeter/DMM

· Projection Equipment

21st Century Technology Used:
	
	Slide Show Software
	
	Graphing Software
	
	Audio File(s)

	x
	Interactive Whiteboard
	x
	Calculator
	x
	Graphic Organizer

	
	Student Response System
	x
	Desktop Publishing 
	x
	Image File(s)

	
	Web Design Software
	
	Blog
	x
	Video

	
	Animation Software
	
	Wiki
	
	Electronic Game or Puzzle Maker

	
	Email
	x
	Website
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