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Career, Technical, & Agricultural Education







PATHWAY:  
Electronics

COURSE:  

Advanced AC and DC Circuits 
UNIT 6: 

ENGR-AE-6 Applications of Oscillators
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Annotation: 
This unit teaches about applications of oscillators, effective troubleshooting procedures and general engineering design process.

Grade(s): 

	
	9th

	
	10th

	x
	11th

	x
	12th


Time:  
5 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-AE-3 Students will identify and define oscillator characteristics and applications.       
c. Define and discuss digital oscillator circuits. 

d. Conduct analysis and troubleshooting. 

GPS Academic Standards:
MC3P4. Students will make connections among mathematical ideas and to other disciplines. 
SCSh6. Students will communicate scientific investigations and information clearly. 
SCSh8. Students will understand important features of the process of scientific inquiry. 
SP2. Students will evaluate the significance of energy in understanding the structure of matter and the universe.

[image: image3.png]% UNDERSTANDINGS & GOALS





Enduring Understandings: 
This Unit makes use of the Engineering Design principles that can be used for problem-solving and critical thinking throughout life. It also requires students to utilize research and writing skills necessary for further education and success in the workplace.

Essential Questions: 
· Why is a crystal oscillator often used to control a digital oscillator?
· How might we verify that an oscillator is operating when it is designed to generate sub-audible frequencies?

· How can a standardized approach toward electronic equipment troubleshooting save many hours of equipment downtime and costly repairs? 
Knowledge from this Unit:  
Students will:
· List the major types of analog oscillator circuits and the characteristics of each.
· Explain basic oscillator operation.
· Describe the Six-Step Troubleshooting process. 
· Discuss why troubleshooting is important to effective and efficient electronic equipment maintenance.
Skills from this Unit:  
Students will be able to:

· Design a working electronic oscillator circuit that meets certain design specifications using the Engineering Design Process
· Employ knowledge of circuits to design, construct, and troubleshoot a basic oscillator circuit.
· Utilize math skills to complete the design process.

· Outline design concepts and processes.
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Assessment Method Type: 

	
	Pre-test

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

	
	__ Quizzes/Tests

_x_ Unit test

	x
	Group project

	x
	Individual project

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

	
	__ Self-check rubrics   

__ Self-check during writing/planning process

_x_ 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  

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

_x_ Peer editing and/or critiquing

	x
	Dialogue and Discussion

	
	_x_ Student/teacher conferences
_x_ Partner and small group discussions

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

	x
	Constructed Responses

	
	__ Chart good reading/writing/listening/speaking habits

_x_ Application of skills to real-life situations/scenarios

	x
	Post-test


Assessment Attachments and / or Directions: 
Oscillator Application and Troubleshooting Quiz
Oscillator Application and Troubleshooting Quiz Key
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•
LESSON 1: Digital Oscillator Circuits

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

ENGR-AE-3 Students will identify and define oscillator characteristics and applications.       

c. Define and discuss digital oscillator circuits. 

d. Conduct analysis and troubleshooting. 
2.
Review Essential Questions. Post Essential Questions in the classroom. 

· Why is a crystal oscillator often used to control a digital oscillator?
3.
Identify and review the unit vocabulary. Terms may be posted on word wall. For definitions, see the Applications of Oscillators Vocabulary Teacher’s Guide.
	Crystal
	Troubleshooting 
	Harmonium 

	Synthesize
	Synthesizer
	Vacuum tubes

	Octave
	Note
	Resonant

	Transmitter
	Modulator
	Degradation

	Functional Unit
	
	


4. Using the Typical Digital Oscillator Worksheet:
a. Calculate circuit resonant frequency.

b. Construct a digital oscillator circuit.

c. Observe and make comparisons of circuit output signals.

d. Perform troubleshooting operations and observe effects of circuit component changes.

5. Students will gain an understanding of the basic digital oscillator circuit. They will explore how the circuit works, be able to construct a typical circuit to obtain a given frequency of operation, and troubleshoot common problems that might be expected to occur during normal oscillator operation.

•
LESSON 2:  ANALYSIS AND TROUBLESHOOTING OSCILLATOR CIRCUITS

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

· How can a standardized approach toward electronic equipment troubleshooting save many hours of equipment downtime and costly repairs? 
· How might we verify that an oscillator is operating when it is designed to generate sub-audible frequencies?
2.
Cover the Six-Step Troubleshooting Process using the Circuit Analysis and Troubleshooting PowerPoint.
3.
Discuss/describe the troubleshooting process.
4.
Utilize the circuits previously constructed to implement a failed component situation. Have students utilize the Six Step process to recognize the problem characteristics, probable malfunction, and ultimately implement a suitable solution. Have students complete the Six Step Troubleshooting Process Assignment. This process may also be carried out with any available electronic component although for safety reasons it is suggested that only standard battery supplied equipment be utilized.
5. 
Students will become familiar with a six-step approach to circuit analysis and troubleshooting. The use of this approach will help prevent excessive equipment downtime, ensure operation to design standards, and ultimately save time and money.

•
ATTACHMENTS FOR LESSON PLANS

· Applications of Oscillators Vocabulary Teacher’s Guide
· Typical Digital Oscillator Worksheet
· Circuit Analysis and Troubleshooting PowerPoint
· Six Step Troubleshooting Process Assignment



•
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.

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, things that work or did not work. Difficulties and successes should also be documented. This should serve as a diary of what was learned during class.
There may be substantial accommodations required for this unit depending on the individual student. Hearing impaired students will be able to detect amplitude and pitch changes by touching an amplifier speaker connected to the common oscillators that will be used. Visually impaired students may need a tactile manipulative that simulates the sine wave form displayed on the oscilloscope. Tactile waveforms of varied wavelengths may be prepared prior to class using push pins and yarn. The pins and yarn should be formed along points of a sine wave plot.
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Culminating Unit Performance Task Title: 
Name That Tune!
Culminating Unit Performance Task Description/Directions/Differentiated Instruction: 

Students should review the information provided in the Building an Electronic Keyboard Handout. The task is to use the Engineering Design Process PowerPoint to design, construct and test an audio output electronic organ using a basic oscillator circuit. Students should thoroughly document their process, as this documentation will be used to grade their project.
Students may work individually or in teams as determined by the instructor. It is suggested that project application for special needs students include assistance from a peer student or an instructor assistant as appropriate.
Students will devise their own solution to the problem. One possible (typical) solution is shown in the Astable Oscillator Diagram attachment.
For grading guidelines, see the Building an Electronic Keyboard Rubric.
Attachments for Culminating Performance Task: 
•
Building an Electronic Keyboard Handout
· Astable Oscillator Diagram 
· Building an Electronic Keyboard Rubric
· Engineering Design Process PowerPoint
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Web Resources:
•
How Stuff Works: http://electronics.howstuffworks.com/oscillator.htm
· Basic Electronics – Oscillators: http://www.electronic-basics.com/2009/08/oscillator.html
· Electronics Tutorial: http://www.electronics-tutorials.com/oscillators/oscillator-basics.htm
· Simple Oscillator: http://www.gregsbasicelectronics.com/circuits/audio_oscillator.htm
· Oscillator Circuits: http://vsagar.com/students/2011/12/04/how-oscillator-circuit-works-what-is-barkhausen-criterion-for-sustained-oscillations-can-we-convert-amplifier-into-oscillator/
· LC Oscillator: http://www.electronics-tutorials.ws/oscillator/oscillators.html
· Parts Locator: http://octopart.com/partsearch
Component Vendors
· Allied Electronics: www.alliedelec.com
· Digi-Key: www.digikey.com
· Electronix Express: http://elexp.com/
· Future Electronics: www.futureelectronics.com
· Jameco: www.jameco.com
· Mouser: www.mouser.com
· Newark: www.newark.com
· Online Components: www.onlinecomponents.com
· Radio Shack: www.radioshack.com
Materials & Equipment: 
· Voltmeter or Multimeter

· Oscilloscope

· Breadboard

· Audio Oscillator (optional)

· Small audio speaker

· Calculator
· Computer with Internet Access

· Projection Equipment
Lesson One

· IC 555 (LC555, LM555, SN72555, or MC1455)

· Resistors, ½ or ¼ watt, 100K ohm (2)

· Capacitor, 0.1 µf

· Capacitor, 0.047 µf

· Resistor, ½ or ¼ watt, 68K ohm

Lesson Two
· Circuit components identified above
· Various values of resistors
Culminating Activity
· Circuit components identified above

· NPN transistor (2N3904 or similar)

· Capacitors,  .022uF (X2), . 047uF, .1uF

· DPDT (5v or 12v coil) Relay

· Standard LED (X2)

· Solid 18 or 20 gauge wire

· Various values of resistors

· Various values of capacitors
· Single-pole momentary on switches (5)


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

	x
	Interactive Whiteboard
	x
	Calculator
	x
	Graphic Organizer

	
	Student Response System
	x
	Desktop Publishing 
	
	Image File(s)

	
	Web Design Software
	
	Blog
	
	Video

	
	Animation Software
	
	Wiki
	
	Electronic Game or Puzzle Maker

	
	Email
	x
	Website
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Engineering and Technology
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