Unit 4: Applications in Electronics

Time:  31 hours

Unit Description

This unit focuses on the practical application of communications electronics based on work done in previous chapters.  Students design and develop projects based on optoelectronics, photonics, microprocessor controllers and robotics.  These technologies are related to the revolution in telecommunications and consumer electronics occurring today. Through working with these activities, students gain an appreciation for entry level career opportunities in technical troubleshooting, installation of communication equipment and/or development, repair and monitoring of electronic control instrumentation. 

Strand and Expectations

	Strand
	Overall
	Specific

	Theory and Foundation 


	TVF.01.1W

TVF.02.1W

TVF.03.1W
	TF1.01.1W
TF2.02.1W

TF2.03.1W

TF2.04.1W
TF2.05.1W

TF2.06.1W
	TF2.09.1W

TF2.10.1W TF2.11.1W

TF2.13.1W

TF2.14.1W TF3.01.1W TF3.02.1W

	Skills and Processes


	SPV.01.1W

SPV.02.1W

SPV.03.1W

SPV.04.1W
	SP1.01.1W

SP1.03.1W

SP1.04.1W

SP1.05.1W

SP2.01.1W

SP2.02.1W

SP2.03.1W
	SP2.05.1W SP2.06.1W

SP3.01.1W

SP4.01.1W

SP4.02.1W

SP4.03.1W

	Impact and Consequences
	ICV.03.1W

ICV.04.1W
	IC2.01.1W
	IC2.02.1W

IC2.03.1W

IC3.01.1W

IC3.02.1W

IC3.03.1W

IC3.04.1W


See Appendix E for full description of TGJ3E expectations

Activities

The activities in this unit are designed to be sequential to give the student progressive challenges in optoelectronics, microprocessors and robotics. Students first design and build a communication system using light as the transmission medium, then control the information flow through programming a microprocessor.  Students then design robotic devices that utilize photonic and microprocessor technology.  

	#
	Title
	Time (minutes)

	1
	Communicating with Light
	360 

	2
	Microprocessor Control
	480 

	3
	The Meaning of Robots
	1020 


HRDC NOC Specialized Skills

The activities in this unit are designed for occupations in telecommunications, fiber optics, robotics, microelectronics, electronic measurement and control systems.  Entry level careers addressed in this unit include electronic technicians, technologists, test bench technicians, assemblers, installers and repair personnel.  Though most careers identified by HRDC as related to electronics can benefit from the skills and knowledge addressed in this unit, the following career categories are directly related to the activities in this unit:

	2133
	Electrical and Electronics Engineers

	2241
	Electrical and Electronics Engineering Technologists and Technicians 

	9483
	Electronics Assemblers, Fabricators, Inspectors and Testers 

	7246
	Telecommunications Installation and Repair Workers 

	7245
	Telecommunications Line and Cable Workers 

	7247
	Cable Television Service and Maintenance Technicians 

	2244
	Aircraft Instrument, Electrical and Avionics Mechanics, Technicians and Inspectors 


Prior Knowledge

Before working in a shop environment, students must be aware of general shop rules and safety requirements, as well as safety rules for specific tools and machines.  Teachers should review safety rules discussed in previous units and initiate discussion of new tools and processes to be used in this unit.  Shops must be kept professionally clean at all times.  It is to the student's benefit to spend time at the end of each class to prepare the lab for the next class. Students must also have:

· a conceptual understanding of analog and digital electronics;

· practical experience in the construction of analog and digital circuits;

· practical experience in testing electronic parameters with instrumentation;

· basic computer application skills;

· understanding of acceptable Internet use policies as established by the school board.

Unit Planning Notes

This unit requires a hands-on approach to circuit design and building, and therefore requires the preparation of physical resources, test equipment and associated tools. The following tools should be prepared before initiating the activities in this unit:

Test bench equipment:

· Oscilloscope

· Multimeter

· DC power supplies and batteries

· Tools for cutting/drilling/fabrication/assembly

· soldering station, ventilation and supplies

· safety eyewear 

Supplies:

· LEDs, CdS photresistors, solar cells, phototransistors

· Laser and/or laser kit

· Fiber optics components (optional)

· Robotic kits and/or components, (wheels, gears, motors, sensors, etc.

· variety of capacitors, resistors, diodes, transistors, jumper wires, or multi-conductor wire

· breadboards

· bins (i.e. Tupperware-type) for parts of student projects
Computer equipment

· Computers for programming microprocessors (serial/parallel and/or USB ports)

· Microprocessors or PIC controllers (such as Basic Stamps)

· Programming software (may come with microprocessor/PIC)

Students work independently, with partners or in groups depending upon the activity or resources available.  Access to the library and the Internet is also required.  

Teaching / Learning Strategies

This unit is student centered with the teacher acting as a monitor and a facilitator. Students are given design challenges focused on particular topics, in a progressive sequence leading to a culminating task involving robotics.  Safety, both in the shop and in testing devices will be addressed at the beginning of the unit and throughout each activity. 

The activities begin with a simple communication device utilizing light to transmit pulses.  From there, students use a microprocessor to control the pulse train to transmit information, and translate at the receiving end.  Students then design and develop a robotic device based on these technologies.  While the first activities are relatively prescriptive, the final activity is meant to offer an open-ended design challenge.

Teachers should discuss the progression of activities to provide the students with an opportunity to consider designs throughout the unit.  Teachers must also discuss evaluation rubrics before allowing students to initiate activities.

Possible teaching and learning strategies in this unit includes:

Group work: students work in teams or with partners to brainstorm ideas, assist each other in shop tasks, or to divide tasks to meet timelines.

Individual Effort: students work individually to research, report, or perform such tasks as drawing, testing or preparing circuits.

Class Discussion: students actively participate by taking turns discussing current issues, application of or analyzing results of activities.   

Theoretical study: students learn concepts and theory through hands-on development work and/or research investigations 

Assessment / Evaluation

Teachers must ensure that all students have an opportunity to demonstrate their mastery of the expectations, individually even if working in a group.  Teachers should assess performance through one-on-one conferencing, journal log entries, individual deliverables such as reports or presentations or individually signed elements of reports or forms.  

Students are evaluated on project deliverables such as completed circuit designs, test or project synopsis reports and presentations.  In this Communications Technology course, it is important to consider a variety of media in reports/presentations, and to direct students to use their creativity and efforts to communicate their ideas effectively.  

The importance of teamwork in an engineering environment can be reinforced through a group evaluation, such as using the results of a competition to formulate marks.  Teachers must set criteria that are fair to all, and to encourage friendly competitive spirit.

Resources

Print

· Buban, P., Schnitt, M. Carter, C.. Electricity and Electronics Technology.  Glencoe McGraw-Hill.

· Gerrish, H., Dugger, W., Roberts, R.. Electricity and Electronics.  Goodheart-Wilcox.

· Horn, Delton T.. 101 Solderless Breadboarding Projects. TAB Books Inc., Blue Ridge Summit PA; 1988; ISBN 0-8306-0385-9.

· Mims, Forrest M., Engineer's Mini-Notebook, (series). Radio Shack/Archer, USA. Optoelectronics Circuits, 1984 Cat. 276-5012. 

· O’Shea, D., Rhodes, W., Callen. W; Introduction to Lasers and Their Applications.  Addison-Wesley, ISDN 0201055090.

· Shoemaker, C. 101 Sound, Light, and Power IC Projects. TAB Books Inc., Blue Ridge Summit PA; 1988; ISBN 0-8306-9604-0.

· Zare, R., Spencer, B., Spinger, D. Laser Experiments for Beginners.  University Science Books.  ISBN 0935702369
Website

Parallax Inc. (Basic Stamp microprocessors)
http://www.parallaxinc.com


http://www.stampinclass.com


http://www.sxtech.com
Robot Books Inc. (everything robotic/control systems, etc.) -
http://wwww.robotbokks.com

Howstuffworks -
http://www.howstuffworks.com
Fiber Optics and Communications -
http://www.science.org.au/nova/

Ontario Association of Certified Technicians and Technologists -
http://oacett.org

Canadian Association of Professional Engineers
http://www.apegga.com

Nuts and Volts Magazine
http://nutsandvolts.com

Vendors

	Parallax Inc. (microprocessors)

Canada Distributors:

Aerosystems

http://www.aerosystems.ca

514-336-9425

HVW Technologies

http://www.hvwtech.com

403-730-8603
	CCS Educational Inc. (TI data acquisition/sensors)
24 Rogate Place



Scarborough, Ontario M1M 3C3
 
 

1-877-227-3382

Fax 416-267-8844

http://home.ican.net/~ccs/

	Addison Electronics Ltd.

8018, 20e Avenue

Montreal, P.Q., H1Z 3S7

Tel: 514-376-1740
	Active Surplus 

345 Queen Street W.

Toronto, Ontario, M5V 2A4

1-800-465-KITS 

	ABRA Electronics Corp.

5787 Pare

Montreal, Que., H4P 1S1

1-800-361-5237

Fax 514-731-0154

sales@abra-electronics.com
	Cybug Robotics (robotics kits)

3335 Caribou Drive  NW

Calgary, Alberta, T2L 0S4

(403) 284-2876

http://members.home.net/cybug

	Radio Shack

(see local phone book)

RadioShack.com
	


Communicating with Light

Unit 4 Activity 1

Time:  360 minutes

Description

In this activity students develop a communication device to transmit simple information using light as a medium.  Students learn how light can be used for communications, and how the field of photonics (the engineering and science of optical electronics) is transforming communications and society. 

Strand and Expectations

	Strand
	Overall
	Specific

	Theory and Foundation 


	TVF.02.1W


	TF2.05.1W

TF2.09.1W

TF2.10.1W
	TF2.11.1W

TF2.13.1W

TF2.14.1W

	Skills and Processes


	SPV.01.1W

SPV.02.1W

SPV.03.1W

SPV.04.1W
	SP1.01.1W

SP2.01.1W

SP2.02.1W

SP2.03.1W
	SP2.06.1W

SP4.01.1W

SP4.02.1W

SP4.03.1W

	Impact and Consequences
	
	IC2.01.1W
	IC2.02.1W IC2.03.1W


See Appendix E for full description of TGJ3E expectations

HRDC NOC Specialized Skills

2133 Electrical and Electronics Engineers


2133.1.1
 2133.1.3

2241 Electrical and Electronics Engineering Technologists and Technicians 

2241.1.1
2241.1.4
2241.2.1
2241.2.4
 2241.2.5
2241.2.6

9483 Electronics Assemblers, Fabricators, Inspectors and Testers 

9483.1.1
9483.4.1


2242 Electronic Service Technicians (Household and Business Equipment) 

2242.1.2
2242.1.3

2242.1.4


2243 Industrial Instrument Technicians and Mechanics 

2243.1.3


9484 Assemblers and Inspectors, Electrical Appliance, Apparatus and Equipment Manufacturing 

9484.1.1


7332 Electric Appliance Servicers and Repairers 

7332.1.3
7332.1.4
7332.2.3


7246 Telecommunications Installation and Repair Workers 

7246.1.2
7246.3.5
7246.4.1
7246.4.2
7246.4.3


7245 Telecommunications Line and Cable Workers 

7245.1.4

See Appendix F for NOC Specialized Skills descriptions
HRDC NOC Essential Skills

	· Numeracy
	· Problem Solving

	· Job Task Planning
	· Reading


See Appendix A for Essential Skill rubrics

Prior Knowledge

This activity builds on circuit design and construction activities in Units 2 and 3. Prior knowledge therefore includes:

· basic test equipment identification and associated terminology;

· basic safety procedures, (but should be reviewed in any case);

· prototyping circuits from schematics;

· schematic symbols of basic components;

· simple algebraic equation manipulation;

· simple graphic and report production techniques.

Planning Notes

This activity involves experimenting with prototyping a circuit based on op-amps used in Unit 2. Students build a light wave transmitter to convert a microphone input into a light signal to be remotely received and decoded into a speaker output.  In this prototyping activity, an Engineering Experiment Report is required.  Teachers may use an engineering report or scientific investigation format.

As an alternative to building a microphone input, teachers may decide to limit the input to a 555 oscillating timer, thereby simplifying the circuit. (Or teachers may decide to give the task to students based on their abilities determined through earlier work).  It is imperative that teachers pre-build and test any circuits to ensure operational capabilities. Note that there may be troubleshooting involved…ambient light may interfere, distance can be experimented with, etc. This activity is designed to allow the students to problem solve and to concentrate on the process of arriving at solutions to circuit problems.

The specific equipment and supplies required for this activity are:

	Test bench equipment:

· oscilloscope

· multimeter

· DC power supplies and/or batteries

· wire cutters/strippers/needle nose pliers, etc.

· soldering station, ventilation and supplies

· safety eyewear


	Supplies:

· high brightness LEDs or laser light generator

· phototransistor or solar cell

· 741 and 386 op amps

· collminating lenses or fiber optics fibers

· variety of capacitors, resistors, diodes, transistors (see circuit diagram)

· jumper wires, breadboards

· perf boards, soldering station, (if desired)

· bins (i.e. Tupperware-type) for parts of student projects


Other resources necessary for this activity include:

· teacher-developed handout detailing assignment requirements, (Appendix 4.1.1); 

· handout detailing research assignment questions. (Appendix 4.1.2)

· demonstration experiment details (Appendix 4.1.3) 

· handout detailing test report format (see Appendix 2-1C from previous unit)

Information on fiber optics, photonics and solar cells can be found in the Resource section. Teachers should prepare notes for discussion before initiating the activity.

Teaching / Learning Strategies

Communicating with Light

Teachers initiate discussions on the transmission of information.  Students are asked in class to come up with a list of methods of communications, (for example: smoke signals, telephone, microwave, cell, TV, radio waves, etc.)  Teachers demonstrate the transmission of light energy using fiber optics.  (See Appendix 4.1.3 for suggested demonstration experiment).  Discussions around safe use of lasers are also implemented.

Developing the Lightwave Transmitter

Teachers hand out the circuit diagram and design brief to students and describe the task of developing a transmitter and receiver using light energy.  Students are divided into two groups, one group who will be responsible for developing the transmitter, the other group the receiver. (Teachers determine beforehand the type of input to use in this activity, microphone or 555 timer).

Students build and test their respective circuits.  The groups are paired to test the transmission/receiving capabilities of their circuits.  Teachers may consider this as a friendly competition, and reward the first group to accomplish communication.

An analysis of problems and solutions is then conducted with the class, to ensure all students understand the range of problems that occurred and the process used to arrive at solutions.

Engineering Experiment Report

Students then develop an individual report on the experiment, including their own analysis of the problems that occurred, and suggested experiments for further study.  It is an important aspect of the report to utilize illustrative graphics (illustrations, technical drawings, photography, etc.) to relay information.

Students are also asked to prepare a section of their report on fiber optic transmission, based on earlier discussions and their own library and Internet research. (See Appendix 4.1.2 for suggested questions to answer in research report).  An important element of the research is safety issues regarding lasers and bright light.  An important aspect is to apply the knowledge gained in the circuit building activity to describe how fiber optics works.

Assessment / Evaluation

Students will be assessed and evaluated on the following: 

· functional quality of circuits (clean and detailed work, safe procedures)

· Engineering Test Report (initiative, depth of research and content, presentation, originality)

· Presentation (demonstration of depth of knowledge and research)

Rubric - Circuit Construction & Engineering Experiment Report

	Expectations 

Students will:
	Level 1 
	Level 2 
	Level 3 
	Level 4 

	Knowledge

TVF.02.1W

TF2.05.1W

TF2.09.1W

TF2.11.1W

TF2.13.1W

TF2.14.1W
	Student demonstrates limited initiative in demonstrating knowledge of identified concepts, terminology and symbols or application of knowledge to field of optical communications


	Student demonstrates some adequate initiative in demonstrating knowledge of identified concepts, terminology and symbols; or application of knowledge to field of optical communications


	Student demonstrates considerable initiative in demonstrating knowledge of identified concepts, terminology and symbols; or application of knowledge to field of optical communications 
	Student exhibits exceptional initiative and depth in demonstrating knowledge of identified concepts, terminology and symbols; shows evidence of further research into application of knowledge to field of optical communications

	Inquiry

TF2.10.1W SPV.01.1W

SPV.02.1W

SPV.04.1W

SP1.01.1W


	Demonstrates some knowledge of safe handling of troubleshooting procedures but requires constant remedial help in following instructions
	Demonstrates safe handling of troubleshooting procedures, but requires remedial help in following instructions
	Demonstrates thorough and safe handling of troubleshooting procedures
	Demonstrates ability to assist others in following safe and thorough testing and troubleshooting procedures

	
	Requires constant supervision, but does accomplish task in time allotted
	Requires some supervision in order to stay on task but does accomplish goals in time frame allotment
	Keeps on task until completion, assists others on team to accomplish goals
	Demonstrates efficient use of time, organizes work team to accomplish goals

	Communication

SP2.01.1W

SP2.03.1W

SP4.02.1W


	Report demonstrates limited clarity of information, knowledge of vocabulary basics
	Report demonstrates adequate clarity of information, adequate or basic knowledge of vocabulary demonstrated 
	Report clearly communicates all required concepts and ideas, demonstrates knowledgeable vocabulary
	Report creatively communicates meaningful information with an exceptional degree of clarity beyond required elements 

	
	Limited use of graphics to highlight important concepts
	Clear use of graphics for some important elements
	Clear and appropriate use of graphics throughout report
	Exceptionally clear and detailed graphics used throughout report

	Application

SPV.01.1W

SPV.04.1W

SP1.01.1W

SP1.02.1W

SP2.02.1W

SP2.06.1W

SP4.01.1W

SP4.03.1W

IC2.01.1W

IC2.02.1W

IC2.03.1W


	Demonstrates some knowledge of scientific and mathematical principles but requires remediation in important details
	Demonstrates adequate knowledge of scientific and mathematical principles

but may require some remediation in minor details
	Demonstrates working knowledge of scientific and mathematical principles


	Demonstrates additional research and application of scientific and mathematical concepts

	
	Demonstrates limited understanding of safety issues and regulations
	Demonstrates adequate understanding of safety issues and regulations
	Demonstrates clear understanding of safety issues and regulations
	Demonstrates insightful understanding of safety issues and regulations


Accommodations

Teachers must use discretion in the depth of project material covered in this activity. Using a 555 timer input is simpler and may require less troubleshooting than the microphone/op amp input. Either system satisfies the requirements of this activity

Strategies to accommodate the variety of learning styles in the classroom may include:  

· additional handouts such as drawings, terminology sheets, circuit designs, pictorial drawings, use of simulation labs to facilitate input;

· additional time allowance for completion of reports; 

· flexibility in acceptable formats for reports; 

· additional one-on-one time by teacher or peer tutors;

· concentrated one-on-one assistance in hands-on activities;

· additional research assignments; 

· alternative activities to meet student needs; 

· providing enrichment opportunities such as requirements for more in-depth research;

· additional responsibilities such as project or facility managers.

Resources

Print

· Horn, Delton T. 101 Solderless Breadboarding Projects. TAB Books Inc., Blue Ridge Summit PA, 1988. ISBN 0-8306-0385-9.

· Mims, Forrest M., Engineer's Mini-Notebook, (series).  Radio Shack/Archer, USA. Optoelectronics Circuits, 1984. Cat. 276-5012. 

· O’Shea, D., Rhodes, W., Callen, W. Introduction to Lasers and Their Applications.  Addison-Wesley. ISDN 0201055090.

· Shoemaker, C. 101 Sound, Light, and Power IC Projects. TAB Books Inc., Blue Ridge Summit PA, 1988. ISBN 0-8306-9604-0.

· Zare, R., Spencer, B., Spinger, D. Laser Experiments for Beginners. University Science Books. ISBN 0935702369.

Websites

Agilent Technologies Educator Projects: Optics and Lasers
http://www.educatorscorner.com/experiments/opt_lsrs.shtml

Australian Photonics CRC
http://www.vislab.usyd.edu.au/photonics/index.html
Photonics Links and Resources
http://nctt1.stcc.mass.edu/photonic_web/code/tutorialspage.html

Howstuffworks -
http://www.howstuffworks.com

Fiber Optics and Communications -
http://www.science.org.au/nova/

Vendors

	ABRA Electronics Corp.

5787 Pare

Montreal, Que. H4P 1S1
1-800-361-5237

Fax 514-731-0154

sales@abra-electronics.com
	Addison Electronics Ltd.

8018, 20e Avenue

Montreal, P.Q. H1Z 3S7

Tel: 514-376-1740

Active Surplus 

345 Queen Street W.

Toronto, Ontario M5V 2A4

1-800-465-KITS



	Radio Shack

(see local phone book)
	


Appendix 4.1.1: Communicating With Light: Design Brief

	Title:
	Communicating With Light

	Activity:
	Students build a communication system using light as a transmission medium
	Course:
	Communications Technology 

Grade 11 Workplace

	Time:
	6 hours
	Date:
	

	RATIONALE

	An important development in the transmission of information has been in fiber optics, glass fibers that carry signals using laser light beams.  There are many benefits to using light, including high density of data (bandwidth), low power requirements, and high transmission speed.  To demonstrate the technology behind fiber optics, a simple experiment can be performed. 



	THE ASSIGNMENT

	You're team will build a light wave transmitter and receiver to send information across a predetermined distance.



	LEARNING EXPECTATIONS: You will:

	· manipulate electronic and light wave signals

· use light to transmit information

· define and describe the physical properties of optoelectronic systems

· test and analyze communication signals 

· describe fiber optic technology

· illustrate circuit diagrams and write test reports



	TOOLS AND MATERIALS

	circuit diagrams
	multimeter
	oscilloscope
	breadboard

	variety of resistors
	trimpots
	capacitors
	bright LEDs

	phototransistors
	fiber optic cable (optional)
	555 timers or 741/386 op amps


	EVALUATION

	#
	Deliverable
	Time

(periods)
	Mark weighting (%)
	Notes

	1
	Test report
	2
	30
	Math calculations, diagrams, test results, observations

	2
	Completed circuits
	3
	30
	Clean, precise work

	3
	Research report
	1
	40
	Fiber optics/safe procedures

	
	TOTALS
	6
	100
	

	NOTES

	ALL CIRCUITS MUST BE INSPECTED BY TEACHER BEFORE POWER IS APPLIED

WHEN IN DOUBT, ASK!



	VOCABULARY

	Optoelectronics
infrared
Op amp

Fiber optics
light shield
photon

Photonics
collimator
Phototransistor

optical spectrum
wavelength
laser

Nanometer
solar cell
inverse square law of radiation
LED
photoresistor




	PROJECT 

	STEP
	STUDENT ACTIVITIES

	1
	Two teams will be set: transmitters and receivers. Review your team's circuit diagrams and collect the necessary parts.  Retain all calculations and notes for the final report.

	2
	Obtain components, breadboard, etc. and build the circuit required.  Obtain permission from the instructor to apply power to circuit.  Test and troubleshoot till you have a working circuit.  SHOW COMPLETE CIRCUIT FOR MARKING

	3
	Test circuits using speakers to listen for sound quality, and using meters to measure signal strength.  Develop the test report and include circuit diagrams, calculations and results in an engineering test report fashion.  Include vocabulary if required.  HAND IN ENGINEERING TEST REPORT FOR MARKING

	4
	Perform research on fiber optics as described by your instructor, including safe procedures for working with laser light. HAND IN RESEARCH REPORT FOR MARKIN


Appendix 4.1.1: Circuit Diagram A
[image: image1.wmf]
CIRCUIT NOTES

· AM: Amplitude or intensity modulation

· R1 – Gain control

· R6 – LED bias control, adjust R6 for best sound quality

· R8 – Limits current applied to LED

· 741 amplifies voice signals form the microphone, then couples through C2 to modulator transistor Q1

· Use a high-brightness red or high-power infrared LED

· Use a lens to collimate the LED beam up to a 1000 feet

· Collimating lens can be substituted with fiber optic cable

Note:
Circuit derived from Forrest M. Mims III, Optoelectronics Circuits, Radio Shack/Archer 1986, Cat no.276-5012.

Appendix 4.1.1: Circuit Diagram B

[image: image2.wmf]
CIRCUIT NOTES

· works best in subdued light

· place a shield over the detector if ambient light interferes

· for best results use an infrared filter

· collimating lens can be substituted by fiber optic cable 

· keep leads to battery short

Appendix 4.1.2: Communicating with light: Questions to ask

a) What were the early methods of using light as a message medium and why were they not reliable?

b) Explain how a “light pipe works”

c) How does light behave when it is sent through a long fiber? 

d) What sort of physical equipment do you need to make it work? 

e) How can you use flashes of light to carry a message? 

f) Why are fiber optics cables better than electrical cables?

g) Give examples of fiber optic use in telecommunication systems.

h) What is the speed of light along optical fibers and what distance can light travel before it is absorbed?

i) How can the distance be increased?

j) Explain the effects of light colour and glass absorption.

k) What can be used to boost light signals and how does this process work?

Appendix 4.1.3: 
Communicating with light: 

Optional Experiment

Adapted from: http//www.science.org.au/nova/

To do:

a) Read the experiment.

b) Collect the materials for the experiment.

c) Record your findings during the experiment.

d) Write up the experiment.

Light travels in a straight line, but light sent through optical fibers can go around corners. You will model the effect of optical fibers in this experiment. 

Materials (for the class) 

*
solid glass rod about 50 - 60 cm long, with a bend in the middle

*
2 clamps and stands

*
sheet of cardboard (approximately 50 x 50 cm)

*
flashlight

*
piece of white paper (A4 or smaller) 

Procedure 

1.
Put the glass rod into the clamp on the stand. 

2.
Make a hole in the centre of the sheet of cardboard and slide it over the end of the rod. The cardboard will act as a shield against light that isn't focused down the rod. 

3.
Focus the torch on one end of the glass rod, and clamp it into position. (The glass of the torch can be touching the glass rod.) 

4.
Hold a piece of white paper a short distance from the other end of the rod. 

5.
Observe the beam of light on the paper. 

Questions 

1.
Given that light always travels in a straight line, where would you expect the light from the torch to land? 

2.
Explain why the light follows the bend in the glass rod. 

3.
There is only a weak beam of light transmitted through the glass rod. Why? 

Teachers notes 

Preparation 

Obtain a rod of glass of about 3 - 5 mm in diameter. Put a 30-40º bend in it by heating the middle of the rod with a Bunsen burner, until the glass softens.  You can use a small flashlight with a diameter similar to the diameter of the glass rod.  If you use a larger flashlight, you may need to use black tape or paper around the space between the light and the rod to reduce the amount of light that is not focused on the glass rod. 

A small halogen lamp could be used instead of a flashlight, but this will get too hot to allow you to wrap the intervening space with tape or paper.  The results are easiest to see if the room is very dark, so use a darkroom if one is available.  Try the following variations to focus more light down the rod: 

*
Remove the glass of the torch and put the rod as close as possible to the bulb.

*
Use a lens to focus the light onto the end of the rod. 

This experiment could be done in small groups, if you have enough equipment. 

Answers to questions 

1.
Normally the beam from the flashlight would land on a spot directly in front of the flashlight. 

2.
When light travelling through the glass rod meets the air-glass interface at a small enough grazing angle, the light is reflected back into the rod and none escapes. 

3.
Much of the light from the flashlight is absorbed by the glass rod. All glass absorbs light. For example, when you look through a window pane, only about one half of the external light is visible through the pane. If the pane of glass was 0.5 m thick, much more light would be absorbed. 

With new glass that has been developed for optical fibers, light can travel more than 10 km before 90 per cent of it is absorbed. This is a big improvement over ordinary glass. When light travels through ordinary glass 90 per cent of the light has been absorbed after only about 20 m. 

Students may notice that the light travelling down the rod is coloured. Glass does not absorb all the wavelengths of light equally (e.g., Pyrex glass absorbs blue and red wavelengths, transmitting yellow-coloured light; ordinary soda glass transmits green light best). Infrared light is used to send messages down optical fibers because glass absorbs least in the infrared part of the spectrum. 

Even with ideal conditions, a fiber optics network requires an amplifier every 10 or 20 km of optical fiber to boost the light signal, but this distance is being increased as glass technology improves. 

Microprocessor Control

Unit 4 Activity 2

Time:  480 minutes

Description

There can be no denying that the invention of the microprocessor is one of the most important developments in technology.  Microprocessors are used to add intelligence to all matters of devices from cars to appliances, homes to computers.  In this activity, students add microprocessor technology to the lightwave transmitter developed in Activity 1.  Students learn to program microprocessors to control communication devices and adopt electronic intelligence to a wide variety of situations. Students also focus on careers in the microelectronics industry.

Strand and Expectations

	Strand
	Overall
	Specific

	Theory and Foundation 


	TVF.01.1W

TVF.02.1W

TVF.03.1W


	TF1.01.1W
TF2.02.1W

TF2.03.1W

TF2.04.1W

TF2.05.1W

TF2.06.1W
	TF2.10.1W

TF2.11.1W

TF2.13.1W

TF2.14.1W TF3.01.1W

	Skills and Processes


	SPV.02.1W
	SP4.02.1W
	SP4.03.1W

	Impact and Consequences
	ICV.03.1W

ICV.04.1W
	IC3.01.1W

IC3.02.1W
	IC3.03.1W

IC3.04.1W


See Appendix E for full description of TGJ3E expectations

HRDC NOC Specialized Skills

2133 
Electrical and Electronics Engineers 

2133.1.1
2133.1.3
2133.1.7


2147 
Computer Engineers

Computer Hardware Engineers
2147.1.1


Software Engineers
2147.2.1
2147.2.2

2162 
Computer Systems Analysts

2162.1.3
2162.1.5


2241 
Electrical and Electronics Engineering Technologists and Technicians

Technologists
2241.1.1


Technicians
2241.2.1
2241.2.6


9483 Electronics Assemblers, Fabricators, Inspectors and Testers 

Testers
9483.4.1


See Appendix F for NOC Specialized Skills descriptions
HRDC NOC Essential Skills

	· computer use
	· decision making

	· numeracy
	· problem solving

	· reading
	


See Appendix A for Essential Skill rubrics

Prior Knowledge

This activity builds on circuit design and construction activities in Units 2, 3 and on Activity 1 of this unit. Prior knowledge therefore includes:

· basic test equipment identification and associated terminology;

· basic safety procedures, (but should be reviewed in any case);

· general computer use and file management;

· principles of the ASCII code;

· simple graphic and report production techniques.

Planning Notes

This activity involves adapting the light wave transmitter developed in the previous activity to transmit ASCII code through a microprocessor input.  In the Engineering Experiment Report, students detail the process and the results of programming.  As an application of knowledge gained through this activity, students are also asked to describe the types of employment available related to microprocessor use and development.  

There are many microprocessor or PIC controllers on the market, Parallax Inc.'s Basic Stamp is a prime example (see Resources section).  These devices are low cost, easy to program with low-end personal computers, and extremely versatile. Software is either no-cost or low cost, and a wide variety of project solutions is freely available on the Internet or in print. See the Resource section for details. (See www.stampsinclass.com for free downloadable projects and curriculum)

The specific equipment and supplies required for this activity are:

Test bench equipment:

· Oscilloscope

· Multimeter

· DC power supplies and/or batteries

· safety eyewear

Supplies:

· circuit constructed in Unit 4 Activity 1, ( simple LED for output could also suffice)

· microprocessor or PIC controller (see Resources)

· software for above, (usually comes with controller)

· computer for programming microprocessor

Other resources necessary for this activity include:

· teacher-developed handout detailing assignment requirements, (Appendix 4.2.2); 

· handout detailing test report format (see Appendix 2-1C from previous unit)

Information on microprocessors and PIC controllers can be found freely throughout the Internet, see the Resource section for websites. Teachers should prepare notes for discussion or distribute information before initiating the activity. Career info can be found through industry and association websites, or by contacting local high tech firms.  It is recommended to bring a guest speaker in from industry to discuss entry level positions and educational requirements.

Teachers should provide an example circuit to demonstrate the operation of the microprocessor.  Allowing students to modify an existing software program is the best method to teach programming skills. 

Teaching / Learning Strategies

Introduction to microprocessors

Teachers initiate discussions on the microprocessor and programming interface devices.  Teachers demonstrate a device, (could be simple one flashing an LED in sequence), highlighting the structure of the associated programming code.  Students are given the code and the opportunity to try to modify the code to create different output patterns, for example.

Programming the ASCII code

Teachers remind students of the ASCII code reviewed in Unit 3.  Students are asked to develop a short message that will be encoded into the microprocessor.  Students must have their message approved by the teacher before continuing.  Students program their code for transmission, considering timing issues, signifying start and stop of message, etc. (For example, students might program a quick flash sequence to initiate message, then the sequence of 8 bit codes at half second increments, then a quick flash sequence to end transmission.  The receiver could be an LED; students would write down the on/off sequence, then decode by hand.  A more advanced receiver might be an LCD panel display/decoder.) 

Students program and attach the microprocessor on the input of their lightwave transmitters.  The other student teams are asked to try and decipher the message.

Students are then directed into a discussion about strategies for improving messaging through microprocessor technology and fiber optics.

Students then develop a short report on their efforts, including copies of their programming code, their own analysis of the problems that occurred, and suggested projects for further study.

Career Investigation

Teachers initiate discussion of career opportunities that involve microprocessors, highlighting entry level positions and local considerations.  (See Resources for web based career information).  Students also are asked to investigate career opportunities and issue a short report on a selected career, based on earlier discussions and their own library and Internet research. Students present their career research to the class.

Assessment / Evaluation

Students will be assessed and evaluated on the following: 

· functional quality of circuits (clean and detailed work, safe procedures, effort in programming messages)

· Engineering Test Report (initiative, depth of research and content, presentation, originality)

· presentation (demonstration of depth of knowledge and research)

Assessment Rubric 

Engineering Experiment Report and Career Presentation

	Expectations 

Students will:
	Level 1 
	Level 2 
	Level 3 
	Level 4 

	Knowledge

TVF.02.1W

TVF.03.1W

TF2.02.1W

TF2.03.1W

TF2.04.1W

TF2.05.1W

TF2.06.1W

TF2.11.1W

TF2.13.1W

TF2.14.1W

TF3.01.1W
	Student displays limited initiative in demonstrating knowledge of identified concepts, terminology and symbols; may be missing important elements
	Student demonstrates some adequate initiative in demonstrating knowledge of identified concepts, terminology and symbols; may be missing minor elements
	Student demonstrates considerable initiative in demonstrating knowledge of identified concepts, terminology and symbols; no missing required elements
	Student exhibits insightful initiative and depth in demonstrating knowledge of identified concepts, terminology and symbols; shows evidence of further research

	Inquiry

TVF.01.1W

TF1.01.1W

TF2.10.1W 

SPV.02.1W

SP4.03.1W


	Documents procedures for arriving at design in limited fashion, provides limited analysis of scientific principles
	Adequately documents procedures for arriving at design, provides some analysis of scientific principles
	Thoroughly documents procedures for arriving at design, provides thorough analysis of scientific principles


	Thoroughly documents procedures for arriving at design, shows evidence of original research into scientific principles

	
	Demonstrates some knowledge of safe handling of troubleshooting procedures but requires constant remedial help in following instructions


	Demonstrates safe handling of troubleshooting procedures, but requires remedial help in following instructions


	Demonstrates thorough and safe handling of troubleshooting procedures


	Demonstrates ability to assist others in following safe and thorough testing and troubleshooting procedures



	Communication

SP4.02.1W


	Report demonstrates limited clarity of information, knowledge of vocabulary basics
	Report demonstrates adequate clarity of information, adequate or basic knowledge of vocabulary demonstrated 
	Report clearly communicates all required concepts and ideas, demonstrates knowledgeable vocabulary
	Report creatively communicates meaningful information with an exceptional degree of clarity beyond required elements 

	Application

ICV.03.1W

ICV.04.1W

IC3.01.1W

IC3.02.1W

IC3.04.1W


	Demonstrates limited understanding of career opportunities and educational requirements
	Demonstrates adequate understanding of career opportunities and educational requirements
	Demonstrates clear understanding of career opportunities and educational requirements
	Demonstrates insightful understanding of career opportunities and educational requirements


Accommodations

Teachers must use discretion in the depth of project material covered in this activity. Additional assistance may be required for some students in programming aspects.  An enrichment activity may be to develop a decoder/display for the receiving end.

Strategies to accommodate the variety of learning styles in the classroom may include:  

· additional handouts such as drawings, terminology sheets, circuit designs, pictorial drawings, use of simulation labs to facilitate input;

· additional time allowance for programming and for completion of reports; 

· flexibility in acceptable formats for reports; 

· additional one-on-one time by teacher or peer tutors;

· concentrated one-on-one assistance in hands-on activities;

· additional research assignments; 

· alternative activities to meet student needs; 

· providing enrichment opportunities such as requirements for more in-depth research or sophisticated circuitry;

· additional responsibilities such as project or facility managers

Resources

Print

· Mims, Forrest M. Engineer's Mini-Notebook, (series). Radio Shack/Archer, USA. Optoelectronics Circuits, 1984. Cat. 276-5012 

· O’Shea, D., Rhodes, W., Callen, W. Introduction to Lasers and Their Applications. Addison-Wesley. ISDN 0201055090.

· Zare, R., Spencer, B., Spinger, D. Laser Experiments for Beginners. University Science Books. ISBN 0935702369.

Kits

Cybug Robotics (robotics kits)

3335 Caribou Drive NW

Calgary, Alberta T2L 0S4

(403) 284-2876

http://members.home.net/cybug

Websites

Human Resources Development Canada: National Occupational Classification Database-


http://www.hrdc-drhc.gc.ca/noc
Ontario Prospects-


http://www.edu.gov.on.ca/eng/general/elemsec/job/prospect/eng/index.html
Career information (two examples, many more available)


http://monster.ca


http://www.careerclick.com
Parallax Inc. (Basic Stamp microprocessors)
http://www.parallaxinc.com

http://www.stampinclass.com


http://www.sxtech.com


See www.stampsinclass.com for free downloadable projects and curriculum

Howstuffworks -
http://www.howstuffworks.com
Fiber Optics and Communications -
http://www.science.org.au/nova/

Appendix 4.2.2: Microprocessor Control:  Design Brief

	Title:
	Microprocessor Control

	Activity:


	Students program a microprocessor controller


	Course:
	Communications Technology 

Grade 11 Workplace

	Time :
	8 hours
	Date:
	

	RATIONALE

	There can be no denying that one of the most important developments in technology is the invention of the microprocessor.  Microprocessors are used to add intelligence to all matter of devices, from cars to appliances to homes to computers.  You will learn to program microprocessors to control communication devices and adopt electronic intelligence to a wide variety of situations. You will also learn about careers in the microelectronics industry by researching the latest and hottest job information.



	THE ASSIGNMENT

	You will learn to program a microprocessor controller to communicate a message across distances.

 

	LEARNING EXPECTATIONS: You will:

	· program a microprocessor device

· generate ASCII messages in binary

· manipulate electronic and lightwave signals

· use light to transmit information

· test and analyze communication signals 

· define current job markets related to the high tech industry



	TOOLS AND MATERIALS

	microprocessor ICs
	programming software
	computer

	interface cable
	light wave transmitter and receiver
	multimeter

	oscilloscope
	breadboard
	fiber optic cable (optional)


	EVALUATION

	#
	Deliverable
	Time (periods)
	Mark Weighting (%)
	Notes

	1
	Test report, including code
	2
	30
	Math calculations, diagrams, test results, observations

	2
	Completed transmitted message
	4
	50
	Clarity and originality of message transmission

	3
	Career Research report
	2
	20
	Careers in microelectronics

	
	TOTALS
	8
	100
	

	NOTES

	ALL CIRCUITS MUST BE INSPECTED BY TEACHER BEFORE POWER IS APPLIED

WHEN IN DOUBT, ASK!



	VOCABULARY

	microprocessor
bits
variables

PIC
byte
constants

encode
stop bits
debug

decode
parity
CPU

ASCII
embedded systems
memory address

binary
reiterative loop
input/output




	PROJECT 

	STEP
	STUDENT ACTIVITIES

	1
	By examining existing code, develop a program for your microprocessor controller that will send out a binary message through your lightwave transmitter.  Have your message approved by your teacher before continuing.

	2
	Obtain transmitter, computer, PIC controller, etc. to build and program the circuit required.  Obtain permission from the instructor to apply power to circuit.  Test and troubleshoot till you have a working circuit.  SHOW COMPLETE PROGRAM AND CIRCUIT FOR MARKING

	3
	Transmit message to your classmates.  Develop the test report and include circuit diagrams, calculations, programming code and results of your transmission in an engineering test report fashion.  Include vocabulary if required.  HAND IN ENGINEERING TEST REPORT FOR MARKING

	4
	Select career through your teacher, perform research on that career, including necessary educational requirements. HAND IN RESEARCH REPORT FOR MARKING


The Meaning of Robots

Unit 4 Activity 3

Time:  1020 minutes

Description

Robots, or automated devices, have long been objects of fascination in technology.  With the advent of microprocessors, the capabilities to add intelligence to all manner of devices exists.  With these devices, we can control devices to manufacture our goods, to make our food, to explore other planets, and to help us in every aspect of our lives.  In this activity, students design, build, program and test robotic devices to seek its energy source. 

Strand and Expectations

	Strand
	Overall
	Specific

	Theory and Foundation 
	TVF.01.1W
	TF1.01.1W
TF2.02.1W

TF2.04.1W
	TF2.06.1W

TF2.11.1W

TF3.01.1W

TF3.02.1W

	Skills and Processes


	SPV.02.1W

SPV.03.1W
	SP1.03.1W

SP1.04.1W

SP1.05.1W 

SP2.01.1W
	SP2.03.1W

SP2.05.1W

SP2.06.1W

SP3.01.1W

	Impact and Consequences
	
	
	


See Appendix E for full description of TGJ3E expectations

HRDC NOC Specialized Skills

2133
Electrical and Electronics Engineers


2133.1.1
2133.1.3
2133.1.7

2147 
Computer Engineers

Software Engineers

2147.2.1


2162
Computer Systems Analysts

2162.1.3
2162.1.5


2241
Electrical and Electronics Engineering Technologists and Technicians 

Technologists
2241.1.1
2241.1.2

Technicians
2241.2.1
2241.2.4
 2241.2.5

2242 
Electronic Service Technicians (Household and Business Equipment) 

2242.1.1
2242.1.2
2242.1.4
2242.1.5

2243
Industrial Instrument Technicians and Mechanics 

2243.1.1
2243.1.2
2243.1.3
2243.1.4
2243.1.5
2243.1.6

6221 
Technical Sales Specialists, Wholesale Trade

6221.1.5
 6221.1.6


7245 
Telecommunications Line and Cable Workers 

7245.1.4

7246 
Telecommunications Installation and Repair Workers 

7246.1.2
7246.3.5
7246.4.1
7246.4.2
7246.4.3


7332
Electric Appliance Servicers and Repairers 

Small Appliance Repairers 
7332.1.1
7332.1.3
7332.1.4

Major Appliance Repairers/Technicians
7332.2.3
7332.2.4

9483 
Electronics Assemblers, Fabricators, Inspectors and Testers 

Assemblers
9483.1.1
9483.1.3

Testers

9483.4.1

9484
Assemblers and Inspectors, Electrical Appliance, Apparatus and Equipment Manufacturing 

Assemblers
9484.1.1


See Appendix F for NOC Specialized Skills descriptions
HRDC NOC Essential Skills

	· computer use
	· decision making
	· numeracy

	· problem solving
	· reading 
	· writing


See Appendix A for Essential Skill rubrics

Prior Knowledge

This activity builds on programming and circuit construction activities in previous activities. Prior knowledge therefore includes:

· basic test equipment procedures;

· basic safety procedures, (but should be reviewed in any case);

· general computer use and file management;

· basic microprocessor programming;

· simple graphic and report production techniques.

Planning Notes

This activity can be developed as the culminating performance task for the course.  It incorporates many of the themes developed in this course, such as analog and digital electronics, programming microprocessors, electronic circuit design, communication systems and design project orientation. It allows students to use ingenuity and previous knowledge to solve a specific problem in a design and build competition format. 

Please note that students should be told ahead of time to ensure that the Skills Log Sheets are filled in daily, since the task information is to be incorporated in the activity report. Key elements of the final, graded report is evidence of planning, such as flow charts, Ghantt charts, etc.

This activity is designed to introduce students to concepts in robotic control systems and the ways in which automation can be programmed into electronic devices.  Many kits are on the market that can be used to introduce students to robotics, such as Lego Mindstorms, Parallax Basic Stamp or small-circuit kits from a number of sources. These kits are excellent beginning steps into robotic design, from there students can advance into hand made devices using recycled parts.  Robotic competitions are conducted annually and are recommended to gain student interest.  See the Resource section for details.

The focus of this activity is to design and build a device that seeks its food, in one case, the brightest light to energize its solar cells.  The overall concept is to use a feedback loop system that incorporates environmental sensors (temperature, light level, humidity, etc.) communicating to output devices (motors, stepper motors, other sensors).  Any number of variations on this theme can be used to accomplish the expectations of the activity.

This activity is presented in a team competition format.  Teachers should gather the necessary parts and distribute to teams at initiation of the activity.  

The specific equipment and supplies required for this activity are:

Test bench equipment:

· Circuit construction (solder equipment, perf boards, components, etc.)

· Multimeter, test devices

· batteries

· safety eyewear

Supplies:

· robotics parts or parts kits (motors, sensors, ICs, controllers, etc.)

· microprocessor or PIC controller if desired (see Resources)

· software for above, (usually comes with controller)

· computer for programming microprocessor (optional)

Other resources necessary for this activity include:

· teacher-developed handout detailing design and competition requirements, (Appendix 4.3.1); 

· handout detailing test report format (see Appendix 2-1C from previous unit)

Information on robotics can be found freely throughout the Internet, see the Resource section for websites. Teachers should prepare notes for discussion or distribute information before initiating the activity.  It is recommended to bring a guest speaker to discuss how robotics is used in industry, (such as manufacturing firms, local police bomb squad, etc.

Teaching / Learning Strategies

Intro to robotics

Teachers initiate discussions about robotics by asking students to note human and robot equivalencies:

	Task
	Human
	Robot

	Motive Power
	Legs, feet
	Wheels, tracks, legs



	Energy acquisition
	Food intake


	Solar cell, batteries, nuclear

	Environmental sensors
	Eyes, ears, touch, taste, smell


	Cameras, microphones, chemical sniffers, etc.

	Manipulating objects
	Shoulders, elbows, wrists, hands


	Degrees of freedom of joints

	Inquiry and Analysis
	Biochemical brain


	Electronic computer


Teachers describe the task to develop a robotic device that will sense it's environment, make decisions based on input sensors, output commands to systems to act on that information, and using feedback systems, re-evalute the environment to optimize conditions. An example of a robot powered by solar cells is described.

Teachers outline the competition rules and issue the design brief, (see Appendix 4.3.1).  Teachers then set teams, determine individual tasks, and allocate materials.

Students brainstorm solutions to the task outlined in the design brief, allocate tasks among team members, then begin to collate materials and develop solutions.

The Competition

Teachers and students set up competition structure. Competition is run in a friendly manner. Teachers can decide to award winners of various categories such as fastest to complete task, most aesthetically pleasing, technical proficiency, best report, etc.

Engineering Report

Individuals are to complete a "post mortem" engineering analysis report, detailing:

· description of input/process/output of robot device

· method of information storage and retrieval

· electronic concepts utilized (analog/digital, logic, signal processing, encoding/decoding of information, communication of information, feedback mechanism, etc.)

· process to arrive at solution, (including testing)

· materials and tools used

· identification of problems encountered

· sketches, illustrations or drawings of solution

· analysis of project

· suggestions for further improvements

· documentation of planning (such as flow charts, Ghantt charts, etc.)

This individual report is evaluated for achievement to arrive at assignment mark.  Students are to include their hour count on the project, derived from his or her Skills Log Sheet for the project.  

Assessment / Evaluation

Students will be assessed and evaluated on the following: 

· functional quality of robotic solution (clean and detailed work, safe procedures, effort in finishing);

· Engineering Report (initiative, depth of research and content, presentation, originality).

Assessment Rubric :
Planning Documentation, Engineering Report & Completed Robotic Device

	Expectations
Students will:
	Level 1
	Level 2
	Level 3
	Level 4

	Knowledge

TF3.01.1W

TF3.02.1W
	Student displays limited initiative in demonstrating knowledge of identified concepts, terminology and symbols; may be missing some important elements
	Student demonstrates some adequate initiative in demonstrating knowledge of identified concepts, terminology and symbols; may be missing minor elements
	Student demonstrates considerable initiative in demonstrating knowledge of identified concepts, terminology and symbols; no missing required elements
	Student exhibits insightful initiative and depth in demonstrating knowledge of identified concepts, terminology and symbols; shows evidence of further research

	Inquiry

TVF.01.1W

TF1.01.1W

SPV.02.1W

SP1.05.1W

SP2.05.1W

SP2.06.1W


	Documents procedures for arriving at design in limited fashion, provides limited analysis of scientific principles
	Adequately documents procedures for arriving at design, provides some analysis of scientific principles
	Thoroughly documents procedures for arriving at design, provides thorough analysis of scientific principles


	Thoroughly documents procedures for arriving at design, shows evidence of original research into scientific principles

	
	Demonstrates some knowledge of safe handling of troubleshooting procedures but requires constant remedial help in following instructions
	Demonstrates safe handling of troubleshooting procedures, but requires remedial help in following instructions


	Demonstrates thorough and safe handling of troubleshooting procedures


	Demonstrates ability to assist others in following safe and thorough testing and troubleshooting procedures



	Communication

SPV.03.1W

SP1.03.1W

SP1.04.1W

SP2.01.1W

SP2.03.1W

SP3.01.1W


	Report demonstrates limited clarity of information, knowledge of vocabulary basics
	Report demonstrates adequate clarity of information, adequate or basic knowledge of vocabulary demonstrated 
	Report clearly communicates all required concepts and ideas, demonstrates knowledgeable vocabulary
	Report creatively communicates meaningful information with an exceptional degree of clarity beyond required elements

	
	Device is constructed with limited evidence of care and effort
	Device is adequately  constructed, with evidence of some care and effort
	Device is well constructed, with evidence of care and effort
	Device is carefully crafted, with evidence of exceptional effort and quality

	Application

TF2.02.1W

TF2.04.1W

TF2.06.1W

TF2.11.1W


	Describes how electronic and communication concepts were applied to solution in a limited fashion, requires remediation


	Adequately describes how electronic and communication concepts were applied to solution


	Completely describes how electronic and communication concepts were applied to solution


	Completely describes how electronic and communication concepts were applied to solution, shows evidence of in depth research


Accommodations

Extra attention may be needed to accommodate students in workshop activities. As in any design activity, some students may need extra assistance in decision making.

Strategies to accommodate the variety of learning styles in the classroom may include:  

· additional information handouts;

· additional time allowance for fabrication tasks, design tasks and for completion of reports; 

· flexibility in acceptable formats for reports; 

· additional one-on-one time by teacher or peer tutors;

· concentrated one-on-one assistance in hands-on activities;

· additional research assignments;  

· providing enrichment opportunities such as requirements for more in-depth research or sophisticated circuitry;

· additional responsibilities such as project or facility managers, competition judges/organizers.

Resources

Suppliers

	Active Kits 

345 Queen Street W.

Toronto, Ontario M5V 2A4

1-800-465-KITS


	Parallax Inc.

599 Menlo Drive, Suite 100

Rocklin, CA 95765

Phone: 916-624-8333

Fax: 916-624-8003

	Spectrum Educational Supplies Limited (Lego Mindstorms)

125 Mary Street

Aurora, Ontario L4G 1G3

1-800-668-0600
http://www.spectrumed.com


Print

(see robotbooks.com, amazon.com and chapters.ca for latest robot books)

· Baum, D. Dave Baum's Definitive Guide to LEGO Mindstorms (Technology In Action). Apress:1999. ISBN: 1893115097.

· Baum, D., et al. Extreme Mindstorms: an Advanced Guide to Lego Mindstorms. Apress: 2000. 

· ISBN: 1893115844.

· Lunt, K. Build Your Own Robot. A K Peters Ltd.: 2000.ISBN: 1568811020.

· McComb, G.; Robot Builder's Bonanza, 99 Inexpensive Robotics Projects.  McGraw Hill, New York: 2000. ISBN: 0071362967.

· Wilson J.A. Control Electronics With an Introduction to Robotics. Sra Publishers: 1986. ISBN: 0574216103.

Magazines

Electronics Now, Gernsback Publications Inc., Farmingdale New York

Popular Electronics, Gernsback Publications Inc., Farmingdale New York

Websites

Robot Books, Inc. (everything robotics) -
robotbooks.com

UMass Robotics Internet Resources Page--
www-robotics.cs.umass.edu/robotics.html

Parallax Incorporated (makers of microcontrollers and kits)-
www.parallaxinc.com


www.stampsinclass.com

Howstuffworks -
http://www.howstuffworks.com

Appendix 4.3.1: Robotics Competition:  Design Brief

	Title:
	Robotics Competition

	Activity:
	Students design a robot to seek the strongest food source (light) in the fastest time
	Course:
	Communications Technology 

Grade 11 Workplace

	Time:
	17 hours
	Date:
	

	RATIONALE

	Robots, or automated devices, have long been objects of fascination.  With the advent of microprocessors, we now have the capabilities of adding intelligence to all manner of devices.  With these devices, we can control devices to manufacture our goods, to make our food, to explore other planets, and to help us in every aspect of our lives.  In this activity, you design, build, program and test robotic devices to seek its food source in a speed competition. In this project, evidence of careful planning in a design engineering project, and analysis of scientific, communications and engineering principles is highly important.



	THE ASSIGNMENT

	Given a set kit of parts, you will design and build a robot to compete against other robots in a contest of speed and innovation.

 

	LEARNING EXPECTATIONS: You will:

	· Design solutions to prescribed problem

· Design a robotic device

· Fabricate robotic devices, using electronics, metal/wood/plastic materials, motors, sensors, etc.

· Analyze how microprocessors and electronic principles are used in robotic devices

· Use principles of input/process/output/feedback loops in solutions to problems in robotics

· Write an analysis report detailing scientific and engineering principles, design concepts



	TOOLS AND MATERIALS

	solar cells
	hobby motors
	microprocessor ICs
	programming software

	Computer
	interface cable
	multimeter
	circuit boards

	solder equipment
	fabrication materials and tools
	Internet/library access 
	


	EVALUATION

	#
	Deliverable
	Time (periods)
	Mark weighting (%)
	Notes

	1
	Engineering report
	4
	45
	Analysis of science and engineering principles, diagrams, test results, observations

	2
	Completed Robot
	12
	50
	Quality of completed robot

	3
	Competition
	1
	5
	Rating in competition

	
	TOTALS
	17
	100
	

	NOTES

	ALL CIRCUITS MUST BE INSPECTED BY TEACHER BEFORE POWER IS APPLIED

WHEN IN DOUBT, ASK!



	VOCABULARY

	Robot

Feedback loop

Input/process/output

Environmental sensor

Degree of freedom (movement)

stepper motor

servo motor




	PROJECT 

	STEP
	STUDENT ACTIVITIES

	1
	With teammates, examine competition guidelines and develop a plan of action to tackle assignment. Record steps and allocate tasks.  Gather materials and revise planning as required.

	2
	Design, test and construct robot to competition guidelines. Take care in fabrication, neatness and ingenuity count.    

	3
	Complete Engineering Report, include planning tools, address all elements as described by teacher. Describe scientific, communications and engineering principles addressed.  HAND IN ENGINEERING TEST REPORT FOR MARKING

	4
	Prepare entry for competition, have fun!


Unit 4: Activity 1
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