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Introduction to Electronics 110

Overview

Introduction to Electronics 110 introduces students to the skills and knowledge required
to pursue post-secondary learning in electrical/electronics fields. This course is
recognized as a Science or a Technology credit towards graduation. The course presents

basic theory and circuitry including components such as resistors, inductors, capacitors,
transformers and diodes.

Introduction to Electronics 110 will be of interest to students with a career objective at the
technical or engineering levels of industry as well as those with a hobbyist interest.

Learning Activities
Students will build and test simple circuits to reinforce their knowledge of the theory
presented and, in doing so, will build a firm base for further study and exploration of

electronics. When available, industry/trades representatives should be invited to present
to students in order fo provide realistic applications of skills learned in this course.

Prerequisite

Grade 10 mathematics

Learning Resources

The textbook for this course is Introduction to Electronics, 4™ Edition by Earl D. Gates,
ISBN 0-7668-1698-2. This text is accompanied by a lab manual, IBSN 0-7668-1700-8.
Both books are referenced throughout this course outline.

Additional information can be found in Essentials of Electronics, 2™ Edition by Frank D.
Petruzella, ISBN 0-07-821048-8 and its accompanying activities manual (ISBN 0-07-
821049-6) and instructor's manual (ISBN 0-07-821050-X).

Bridges career orientation software (www.bridges.ca)

WHSCC Choices for Life, Health and Safety (K-12)

Internet Access

Teachers may aiso refer to the corresponding online course, Introduction to Electronics
110. Students may be enrolled as a class to gain access to online content.

Suggested examples for additional assignments, worksheets, labs and enrichment
activities are included in this document at Appendix A, Appendix B, Appendix C and
Appendix D, respectively.

Additional kit based enrichment activities can be located at various electronics suppliers.
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Labs

Lab materials recommended (one for every two students):

-

Digital/analog trainer {XK-150)

Digital multimeter (M3800)

JW-1 jumper wire kit

Component kit (see list in Appendix E)
Four each C or D cells

22 gauge hook up wire

Wiire strippers

Assorted magnets and iron filings

All lab materials are available from Munro Electronics and ABRA Electronics.

Munro Electronics ; 1-5606-635-1413; www.munroelectronics.com
ABRA Electronics; 1-800-361-5237; www.abra-electronics.com

Additional lab resources for teacher demonstrations include;

One oscilloscope (dual trace) for demonstrations
One analog multimeter

Electronics Workbench MultiSim ver.9 software
One computer service tool kit

General Curriculum Outcomes

Upon the completion of this course, students will meet the following outcomes:

GCO 1 Students will be expected to demonstrate an understanding of the history
and evolution of electronics and its social and cultural implications.

GCO 2 Students will be expected to identify career opportunities in electronics.

GCO 3 Students will be expected to demonstrate proficiency in the mathematical
processes used in electronics.

GCO 4 Students will be expected to display safety consciousness in working with
elactronic equipment.

GCO 5 Students will be expected to demonstrate and apply an understanding of
the basic theory of DC circuits and components.

GCO € Students will be expected to interpret and summarize the relationship
between magnetism and electricity.

GCO 7 Students will be expected to demonstrate and apply an understanding of
the basic theory of AC circuits and components.

Duration

90 hours

Course Code

1037630

Q Introduction to Electronics 110
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INTRODUCTION TO ELECTRONICS 110

GCO 1 Demonstrate an understanding of the history and evolution of
electronics and its social and cultural implications

Specific Curriculum Qutcomes
Students will be expected to:

+ Become familiar with the progress
made in the field of
electricity/electronics and its impact
on society.

= Analyze ethical issues concerning
present anc future technologicat
development in electronics.

» Recognize their influence and
personal responsibility in determining
future developments.

Suggestions for Teaching/Learning:

The teacher introduces a timeline explaining
development from the ancient Greeks discovering
the static electricity caused by rubbing amber to the
nanotechnology of today.

The teacher initiates small group discussions of
ethical impact upon society of technological
development.

The students analyze a new electronic product and
discuss its cost, benefit to society, negative
consequences, cultural significance, etc.

In small groups students discuss future development
of various consumer products. Students discuss the
changes they have witnessed in their lifetimes with
respect to telephone technology {(or televisions,
computers, video recording and play back
equipment, audio recording and pfayback equipment,
etc.} and what they predict this technology will look
like in another twenty years? What trend(s) will
future deveiopment follow? What impact will it have
on society (both positive and negative)?

@ Introduction to Electronics 110



INTRODUCTION TO ELECTRONICS 110

GCO 1 Demonstrate an understanding of the history and evolution of
electronics and its social and cultural implications

Suggestions for Learning/Assessment:

During class and/or in small groups, students
determine the extent to which students can
critically evaluate the pesitive and negative
effects of technological development in
electronics.

The students will complete Assignment # 1:
History of Development in Electronics.

The students will complete Assignment # 2:
Ethics in Technology.

Resources:

Gates, Earl D. [nfroduction to Elecitronics. 4Med.
DELMAR, Thompson Learning, 3 Columbia
Circle, PO Box 15015, Albany, NY 12212-
5015
« ISBN 0-76658-1698-2
« Pages xto xii

http:/finventors. about. com/library
finventors/blelectric2.htm

« Timeline of electricity/electronic inventions

Appendix A
« Assignment# 1: History of Development
in Electronics

« Assignment# 2: Ethics in Technology

@ Introduction to Electronics 110




INTRODUCTION TC ELECTRONICS 110

GCO 2 Identify career opportunities in electronics

Specific Curriculum Outcomes
Students will be expected fo:

Understand the need for team work,
effective communication and
essential skills required for all jobs.

Gain insight into the required and
desirable academic and work
experience skills needed to achieve a
successful career in the
electrical/electronics or related
industries.

Recognize the importance of math
and communication skills within the
electrical/electronics and related
industries.

Become familiar with the varisty of
career opportunities in
electrical/electronics and related
industries.

Compare and contrast the training
and taskings cf technicians,
technologisis and professional
engineers.

Suggestions for Teaching/Learning:

Working in small groups, students conduct informal
research to determine conventional and new
emerging career clusters in the electricity/electronics
industry.

Using the Bridges program, individually or in. teams,
students research a minimum of three different
careers where a minimum basic knowledge of
electricity/electronics is required and complete
indiviciual career profiles.

The teacher organizes a field trip to a business that
uses, manufactures or designs high-end electronic
components/systems.

The teacher invites guest speakers from industry,
Faculty of Engineering and trades colleges.
Students prepare a list of interview questions prior to
the visit focusing on working conditions, training,
qualifications, salary, etc.

The teacher introduces Employabifity Skills 2000+ as
preserted by the Conference Board of Canada.

@ Infroduction to Electronics 110



INTRODUCTION TO ELECTRONICS 110

GCO 2 identify career opportunities in electronics

Suggestions for Learning/Assessment:

During class and/or smaill group discussions,
determine the extent to which students have
critically evaluated the work environment,
salary, skills, training and personal attributes
pertinent to successful careers in the
electricity/electronics field.

The students complete Assignment # 3: Career
Choices in Electricity/Electronics.

Resources:

Gates, Earl D. Infroduction to Electronics. 4™ ed.
DELMAR, Thompson Learning, 3 Columbia
Circle, PO Box 15015, Albany, NY 12212-
5015
« ISBN 0-7668-1698-2
« Pages x to xii

http:/iwww.conferenceboard.ca/education/learning
-tools/pdfs/esp2000.pdf
« Conference Board of Canada:
“Employability Skills 2000+

hitp:/Awww23.hrdc-
drhc.gc.ca/2001 /e/generic/iwelcome.shtml

« National Occupational Classification:
Qccupational Descriptions

Appendix A
« Assignment# 3: Career Choices in
Electricity/Electronics

Access to Internet and to Bridges program

@ Intreduction to Electronics 110




INTRODUCTION TO ELECTRONICS 110

GCO 3 Demonstrate proficiency in the mathematical processes used in
electronics

Specific Curriculum Outcomes: Suggestions for Teaching/Learning:
Students will be expected to:

+  Use metric prefixes to describe large | Building upon students' pricr knowledge of scientific

and small quantities and convert riotation and powers of ten, the teacher explairs
between prefixes where necessary to | metric prefixes using the units of measurement
perform calculations. common in electronics (amp, volt, ohm, ete.) and

their conventional use in electronics.

The teacher demonstrates conversions between
metric prefixes.

The teacher provides practice worksheets.
« Perform calculations using a scientific

caicuiator. Using the scientific calculator found on the computer
desktop, demonstrate the key strokes required to
solve problems using the exponent, inverse and
parenthesis keys.

The teacher provides practice worksheets.

@ Introduction to Electronics 110



INTRODUCTION TO ELECTRONICS 110

GCO 3 Demonstrate proficiency in the mathematical processes used in
electronics

Suggestions for Learning/Assessment: | Resources:

The teacher prepares a test for students Gates, Earl D. Introduction lo Electronics. 4™ ed.
containing metric unii conversions and DELMAR, Thompsor, Learning, 3 Columbia
calculator problems, using applicable Circle, PO Box 15015, Albany, NY 12212-
worksheets contained in the Appendices as a 5015

guide. = ISBN 0-7668-1698-2

« Pages xiii to xv
« Pages 13 and 14

Lab Manual for introduction to Electronics
« Lab 1-5: Unit Conversions

Appendix B
« Worksheet # 1: Calculator Practice

9 Introduction to Electronics 110



INTRODUCTION TO ELECTRONICS 110

GCO 4 Display safety consciousness in working with electronic equipment

Specific Curriculum Qutcomes:
Students will be expected fo:

» ldentify safety procedures and
common potential hazards in the lab
and workplace.

« Demonstrate personal responsibility
in the prevention of accidents and
describe how accidents can be
prevented.

» Demonstrate knowledge of immediate
response procedures.

Suggestions for Teaching/Learning:

The teacher leads a class discussion about personal
injury and causes. Teacher presents accident
prevention strategies. f

In collaboration with the teacher, students develop a
list of rules to be followed when working with five
circuits in the lab.

The students measure wet and dry body resistances
with an analog multimeter and calculate
corresponding lethal voltage/current levels using
Ohm's Law.

The teacher leads a class discussion about the
statement, “It isn't the voltage that kills you, it's the
current.”

The students create safety posters for the lab to
illustrate safe working habits, accident prevention
and immediate response procedures.

The teacher can also choose from any of the
activities listed in WHSCC Choices for Life, Health
and Safety (K-12); Sections: E17 and E19

Note: This maferial is best presented after students
are faught the fundamental principles of electricity
including Ohm’s Law since, in order to understand
the importance of elecirical safely, a basic
knowledge of current, volfage and resistance is
required.

9 Introduction to Electronics 110



INTRODUCTION TO ELECTRONICS 110

GCO 4 Display safety consciousness in working with electronic equipment

Suggestions for Learning/Assessment:

Through on-going teacher, peer and self
evaluation, students demonstrate an
understanding of outcomes.

The teacher observes student conduct while in
the lab to determine their proficiency in
preventing accidents and their adherence to lab
safety rules.

The teacher prepares a test for students on
basic safety procedures, the physiology of
electricai shock and immediate response
procedures.

Resources:

Gates, Earl D. Introduction to Electronics. 4% ed.
DELMAR, Thompson Learning, 3 Columbia
Circle, PO Box 15015, Albany, NY 12212-5015
« ISBN 0-7668-1698-2
+ Pages xvi to xvii

WHSCC Choices for Life, Health and Safety (K-12)
» Sections E17 and E19

hitp:/iwww. allaboutcircuits.comivol _1/chpt 3/1.htmi
+ “The Importance of Electrical Safety”
« This is a highly recommended website that
explains using Ohm’s Law to calculate
harmful levels of voltage and current.

@ Introduction to Electronics 110




INTRODUCTION TO ELECTRONICS 110

GCO 5 Demonstrate and apply an understanding of the basic theory of DC

circuits and components

Specific Curriculum Qutcomes:
Students will be expected to:

Identify the parts of the atom and
understand the relationship between
the valence shell and conductors,
insutators and semiconductors.

State the definition of cumrent, law of
electrostatics and coulomb.

Callculate current when given time
and guantity of charge.

State the definition of voltage and
give examples of six energy sources
that can be converted to electrical
energy.

Calculate total voltage and current
rating of cells in series, parallel and
series-parallel.

Using cell ratings, compute the
lifespan of calls and batteries in a
given load.

Suggestions for Teaching/Learning:

The teacher provides a short review of basic atamic
theory and introduces valence shells, conductors,
insulators and semiconductors.

The teacher divides students into small groups to
generate a guiz based upon students' prior
knowledge and teacher’s inclusive cutline of points
to be covered. As per Assignment # 4.

Explain current calculation using:

Q
1=t

Explain current flow and voltage using a water
pressure/flow analogy.

The teacher demonstrates energy conversions using
photocells, crystal, dynamo and potato (or lemon)
battery, etc.

The teacher explains total voltage and current
ratings of cells in series, paraliel and series-parallel.

The teacher demonstrates safe use of the multimeter
and scales of measurement in DC voltage settings.

The students complete battary lab,
Using real life examples, the teacher demonstrates

mathematical calculations for determining Iifespan of
batteries. Provide practice worksheets.

9 Introduction to Electronics 110



INTRODUCTION TO ELECTRONICS 110

circuits and components

GCO 5 Demonstrate and apply an understanding of the basic theory of DC

Suggestions for Learning/Assessment:

Through on-going assessment, the teacher
looks for consistent and cormect usage of metric
prefixes and units of measurement.

The teacher observes students to determine
correct usage of schematic symbols fo
represent components and circuits.

The teacher checks for correct use of meters
and safe working habits.

The teacher prepares a test for students using
applicable labs and worksheets contained in the
Appendices as a guide.

The teacher explains assignment # 4. Create
Your Own Quiz - Atomic Theory Review
(Teacher decides best questions or best
compiete quiz to be used for entire class.)

Resources:

Gates, Earl D. Introduction to Electronics. 4™ ed.
DELMAR, Thompson Learning, 3 Columbia
Circle, PO Box 15015, Albany, NY 12212-
50156
- ISBN 0-7668-1698-2
» Pages3to13and17t0o 27

http:/fervww. allaboutcircuits. com/vol 1/chpt 3/8.htm
t
“Safe Meter Usage”
» This is a highly recommended resource
detailing safe use of the multimeter.

Lab Manua! for Infroduction fo Electronics

Lab 1-1: Fundamentals of Electricity
Lab 1-2: Current

Lab 1-3: Voltage

Lab 1-8A: Connecting Cells and Batteries
Lab 1-6B: Connecting Cells and Batteries

Appendix A
« Assignment# 4: Create Your Own Quiz -
Atomic Theory Review

Appendix C
« Lab1-8C: Cell Configurations

Appendix B
« Worksheet #2: Cell Ratings

@ Introduction to Electronics 110
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INTRODUCTION TO ELECTRCNICS 110

GCO 5 Demonstrate and apply an understanding of the basic theory of DC
circuits and components (continued)

Specific Curricuium OUutcomes:
Students will be expected fo:

« Demonstrate an understanding of
resistance as a characteristic of
electrical circuits, short circuits and
open circuits.

« Interpret colour codes of carbon
composition resistors and caiculate
min and max tolerance.

+ Caiculate and measure total
resistance in series, parallel and
series-paraliel.

Suggestions for Teaching/Learning:

The teacher defines resistance, types of resistors,
rheostats, and potentiometers.

The teacher explains short and open circuits.

The teacher demonstrates how to determine resistor
value and calculate tolerance of resistors from the
colour code. Provide practice worksheets.,

The students create their own mnemonic aid for the
calour code.

The teacher demonstrates safe use of the multimeter
and scales of measurement in ohmmeter setfings.

The teacher explains breadboards and their use in
building temporary circuits.

The students complete familiarization activity.

The students decode resistors, confirm by measuring
with an ohmmeter and indicate if the resistor falls
within tolerance.

The teacher iilustrates how to solve for Ry in series,
parallel and series-parailel.

The students construct series, parallel and series-
parallet resistor configurations and confirm
calculated totals by measuring with an ohmmeter.

11
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INTRODUCTION TO ELECTRONICS 110

GCO 5 Demonstrate and apply an understanding of the basic theory of DC
circuits and components (continued)

Suggestions for Learning/Assessment:

The teacher prepares a test for students using
applicable labs and worksheets contained in the
Appendices as a guide.

Through on-going assessment, the teacher
checks for consistent and correct usage of
-metric prefixes and units of measurement.

Through on-going assessment, the teacher
checks for correct usage of schematic symbols
to represent components and circuits.

The teacher observes students to ensure
correct use of meters and safe working habits
are followed.

Resources:

Gates, Earl D. Introduction to Efectronics. 4™ ed.
DELMAR, Thompson Learning, 3 Columbia
Circle, PO Box 15015, Albany, NY 12212-
5015
« ISBN D-7668-1698-2
« Pages3to13and 171027

Lab Manual for Iniroduction to Elecfronics:
« Lab 14: Resistance
Lab 1-8: Resistors Colour Code
Lab 1-9: Resistors in Series
Lab 1-10; Resistors in Parallel
Lab 1-11: Resistors in Series-Paralle
Lab 1-12. Resistor Measurements
Lab 1-13; Resistor Measurements in
Series
« Lab1-14;
Parallel
« Lab 1-15; Resistor Measurements in
Series-Parallel

Resistor Measurements in

Appendix B
« Worksheet # 3: Resistor Colour Code

Appendix C
«  Familiarization Activity: XK-150 Trainer
and Multimeter

Q Introduction to Electronics 110
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INTRODUCTION TO ELECTRONICS 110

GCO 5 Demonstrate and apply an understanding of the basic theory of DC
circuits and components (continued)

Specific Curriculum Cutcomes:
Students will be expected fo:

« Discriminate between series, parallel
and series-parallel circuits, and
identify the common characteristics of
each type of circuit.

+ Interpret simple schematic diagrams
including basic components.

» Analyze circuits with respect to
Ohm’s, Kirchoff's and Watt's Laws by
applying each in mathematical
computation.

Suggestions for Teaching/Learning:

The teacher explains the relationship between
current, voltage and resistance as defined by Ohm's
Law and demonstrate sclving for an unknown
quantity when any two are given.

The teacher provides practice worksheets.

The teacher explains the relationship between
power, current and voltage as defined by Watt's Law
and demonstrate solving for an unknown guantity
when any two are given.

The teacher provides practice worksheets.

The teacher explains the two derivative formulae
combining Ohm's and Watt's Laws.

The teacher provides practice worksheets.

The teacher explains schematics and use of
symbols.

The teacher explains series, parallel and series-
parallel circuit analysis using Ohm' Law, Watt's Law
and Kirchoff's Voitage and Current Laws.
Demonstrate using a chart to collate data.

The teacher provides practice worksheets.

The teacher demonstrates safe use of the multimeter
and scales of measurement in ammeter settings.

The students construct series, paraliel and series-
parallel circuits, calculate all quantities, and confirm
calculations by measuring with a multimeter.

13
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INTRODUCTION TO ELECTRONICS 11

GCO 5 Demonstrate and apply an understanding of the basic theory of DC
circuits and components (continued)

Suggestions for Learning/Assessment:

The teacher prepares a test for students using
applicabie labs and worksheets contained in the
Appendices as a guide.

Through on-going assessment, the teacher
checks for consistent and correct usage of
metric prefixes and units of measurement.

Through on-going assessment, the teacher
checks for correct usage of schematic symbols
to represent components and circuits.

The teacher observes students to ensure
correct use of meters and safe working habits
are followed.

Resources:

Gates, Earl D. introduction to Electronics. 4™ 2d.
DELMAR, Thompson Learning, 3 Columbia
Circle, PO Box 15015, Albany, NY 12212-
5015
« |SBN 0-7668-1698-2
« Pages50to60and 7410 78

Lab Manual for Infroduction fo Electronics:
Lab 1-16: Ohm's Law

Lab 1-17: Power

Lab 1-18: Series DC Circuits

Lab 1-19: Parallel DC Circuits

Lab 1-20: Series-Parallel DC Circuits
Lab 1-21: Current in a Series Circuit

Lab 1-22; Voltage in a Series Circuit
Lab 1-23; Currentin a Parallel Circuit
Lab 1-24; Voltage in a Parallel Circuit
Appendix B
« Worksheet # 4: Ohm's Law
- Worksheet # 5. Watt's Law

+ Worksheet #6:
Combined

+« Worksheet#7:

+ Worksheet # &:

»  Worksheet#9:
One

»  Worksheet # 10: Parallel Circuits — Part
Two

» Worksheet # 11: Series-Parallel Circuits —
Part One

«  Worksheet # 12: Series-Parallel Circuits —
Part Two

Ohm's and Wait's Laws

Series Circuits — Part One
Series Circuits — Part Two
Parallel Circuits — Part

@ Introduction to Electronics 110
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INTRODUCTION TO ELECTRONICS 110

GCO 6 Interpret and summarize the relationship between magnetism and 5

electricity i
Specific Curriculum Outcomes: Suggestions for Teaching/Learning:
Students wilf be expected fo:
« State the domain theory of The teacher provides magnets and iron filings to
magnetism and the properties and small groups of students. Students observe and
characteristics of magnetism. record the characteristics of magnetic lines of flux

and present findings to whole class.

« Determine the purpose and operation
of a relay. The teacher explains domain theory, types of

magnets, characteristics of magnetism (reluctance,

» Determine the purpose and operation | retentivity and permeability}, magnetic induction and
of a solenoid. magnetic shielding.

« Determine the purpose and operation | The student teams compete to buiid the strongest

of a generator. electromagnet and in doing so, verify the three
variables that determine the sirength of
+ Demonstrate an understanding of electromagnets and predict the direction of the North
Faraday's Law. pole using the left-hand rule for coils.

As per Lab 1-25A.
« Determine the purpose and operation

of a motor. The teacher demonstrates the operation of relays
and sclenoids, comparing and contrasting both.
Teacher defines NO and NC contacts and SPST.
SPDT, DPST and DPDT relay switches.

The students complete Lab 1-258: Relays.

The teacher divides students into small groups to
generate a quiz on magnetic theory. As per
Assignment # 6.

The teacher explains the operation of an AC
generator, DC generator, Faraday's Law, the left-
hand rule for generators and electric motors.

The students conduct informal research on the
operation of bicycle dynamos and couid be assigned
to build their own version.

The students conduct informal research using the
listed web sites as a starting point.

The teacher provides materials and students build
their own mini-motor from directions listed on the
website, “A Motor in 10 Minutes” (re: Resources).

15 @ Introduction to Electronics 110



INTRODUCTICN TO ELECTRONICS 110

electricity

GCO 6 Interpret and summarize the relationship between magnetism and

Suggestions for Learning/Assessment:

The teacher prepares a test for students using
applicable labs and worksheets contained in the
Appendices as a guide.

Through on-going assessment, the teacher
checks for correct usage of schematic symbols
to represent components and circuits.

The teacher observes students to ensure
correct use of meters and safe working habits
are followed.

The teacher explains assignment # 5. Create
Your Own Quiz - Magnetic Theory

{Teacher decides best questions or best
complete quiz to be used for entire class.)

Resources:

Gates, Earl D. Iniroduction to Electronics. 4™ ed,
DELMAR, Thompson Learning, 3 Columbia
Circle, PO Box 15015, Albany, NY 12212-
5015
+ |SBN 0-7668-1698-2
« Pages 94 to 105

http://electronics. howstuffworks.com/relay.htm
« “Hew Relays Work"

http://home.howstuffworks.com/doorbell2. htm
« “How Doorbells Work®

hitp:/iwww.wyic.com/how-gen-works. htm
« “How An Electric Generator Works"

hitp:/iwww.gcsescience.com/pme21.htm
« ‘“Bicycle Dynamo Information”

hitp://'www.schoolscience. co.uk/content/S/physics/

copperfcopelech4pgi.html
= “Electricity From Movement”

http./electronics. howstuffworks.com/motor1 .htm
« "How Electric Motors Work™

http:/iwww.scitoys.com/scitoys/scitoys/electrofelect
ro. htmi#motor
» "“A Motor in 10 Minutes”

Lab Manual for Infroduction to Electronics
« Lab1-25: Magnetism

Appendix C
« Lab 1-25A: Building an Electromagnet
= Lab 1-25B: Relays

Appendix A
+ Assignment# 5: Create Your Own Quiz -
Magnetic Theory

@ Introduction to Electronics 110
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INTRODUCTION TO ELECTRONICS 110

GCO 7 Demonstrate and apply an understanding of the basic theory of AC

circuits and components

Specific Curriculum QOutcomes:
Students will be expected fo:

Demonstrate an understanding of
basic AC voltage and current
characteristics.

Perform caiculations to determine
peak-to-peak, peak and RMS
({Effective) values for AC voltage and
current.

Perform calculations t¢ determine
unknown quantities in AC resistive
circuits using Ohm's and Watt's
Laws.

Understand the theory of operation of
inductors and their uses in AC
circuits.

Calculate total inductance in series,
parallel and series-parallel circuits.

Perform calculations to determine
inductive reactance.

Understand the theory of operation of
capacitors and their uses in AC
circuits.

Calculate total capacitance in series,
paraliel and series-paralla! circuits.

Perform calculations to determine
capacitive reactancs.

Perform calculations to determine
inductive and capacitive reactance.

Understand the theory of the
operation of transformers.

Perform calculations te determine
turns ratio, number of turms, and

voltage, current and power in the
primary and secondary windings.

Suggestions for Teaching/Learning.

The teacher explains the use of an oscilloscope and
shows students 112 V., different DC voltages and
signals of various frequencies. |

Using the oscilloscope, teacher explains peak-to-
peak, peak, effective (RMS) value and frequency.

The teacher demonstrates the calculations required
to convert between peak, peak-to-peak and RMS
values. Provide practice sheets.

The teacher explains AC resistive circuits and
demonstrates the use of Ohm's and Watt's Laws in
solving for unknown values. Provide practice sheets.

The students calculate power and current draw for
different househoid appliances, lights, etc.
Students determine loading on household circuits
according to circuit breakerffuse ratings.

The teacher explains theory of inductors, their uses
and Lenz's Law and demonstrates calculating total

inductance in various configurations and calculating
inductive reactance. Provide practice sheets.

The students construct apparatus to test Lenz's Law
and complete inductor lab.

The feacher explains theory of capacitors and their
uses, and demonstrates calculating total capacitance
in various configurations and calculating capacitive
reactance. Provide practice sheets.

The students compiete capacitor lab.

The teacher explains theory of transformers and their
uses, and demonstrates calculating turns ratio,
number of turns and voltage, current and power in
the primary and secondary windings. Provide
practice sheets.

The students complete transformer lab.

17
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INTRODUCTION TO ELECTRONICS 110

circuits and components

GCO 7 Demonstrate and apply an understanding of the basic theory of AC

Suggestions for Learning/Assessment:

The teacher prepares a test for students using
applicable iabs and worksheets contained in the
Appendices as a guide.

Through on-going assessment, the teacher
checks for comrect usage of schematic symbols
to represent components and circuits.

The teacher observes students to ensure
correct use of meters and safe working habits
are followed.

Resources:

Gates, Earl D. Introduction to Efectronics. 4™ ed.
DELMAR, Thompson Learning, 3 Columbia
Circle, PO Box 15015, Albany, NY 12212-5015
« ISBN 0-7668-1698-2

AC Circuits - Pages 121 to 128

Resistive AC Circults - Pages 138 to 144

Inductance — Pages 106 to 111

Inductive AC Circuits — Pages 152 to 157

Capacitance — Pages 11210 118

Capacitive AC Circuits - Pages 143 to 151

Transformers — Pages 165 to 174

hitp:/Awww.ndt-
ed.org/TeachingResources/NDT Tips/LenzLaw.htm
« Lenz's Law Demonstration Apparatus

Lab Manual for infroduction to Efectronics
Lab 1-26: Inductance

Lab 1-27: Capacitance

Lab 1-28: Capacitor Application
Lab 2-1: Alternating Current

Lab 2-3: AC Measurements

Lab 2-6: Capacitors in AC Circuits
Lab 2-9: Inductors in AC Circuits
Lab 2-14: Transformers

Lab 2-15:; Transformer Ratios

Appendix B

« Worksheet # 13: AC Conversions
Worksheet # 14: AC Resistive Circuits
Worksheet # 15: Inductor Configurations
Worksheet # 16: Inductive Reactance
Worksheet # 17: Capacitor Configurations
Worksheet # 18: Capacitive Reactance
Worksheet # 19: Transformers

Appendix C
« Lab 1-26A: Inductors
+ Lab 1-28A: Capacitors

@ Introduction to Electronics 110
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APPENDIX A

ASSIGNMENT # 1: HISTORY OF DEVELOPMENT IN ELECTRONICS

Choose and research one cf the significant contributors* to the development of
electricity/electronics as discussed in class. Your assignment should contain information
about his or her life and times, a description of the discovery/work/invention and the
science behind it, and the impact of the contribution.

OR

Research the ancient Egyptian {Babyton) battery. Your presentation should include a
description of the battery, facts about its discovery, a critical analysis of its authenticity,
and your opinion on the impact it would have had on our world of today if battery
technology had been developed from this point in history instead of from the 1800’s.

You can choose any of the following presentation methods:

1. A four hundred word essay {about two typewritten, double-spaced pages of
text, not including diagrams or images)
A poster display on a full sheet of Bristol board
A PowerPoint presentation (15 slides minimum)
A 15 minute oral presentation to be delivered in class (delivery nofes are to be

passed in prior to your presentation)

IMPORTANT!! No matter which delivery method you choose, you must inciude a
typewritten cover sheet and a bibliography page with citations of works consulted and
works quoied using the MLA style. A very good reference for using the MLA style can
be found at http./Awww.geocities.com/Athens/Oracle/4184/

* Including, but not limited 1o, Wiliam Gilbert, Count Allesandro Volta, Georg Ohm, Andre Ampere, Guglielmo Marconi,
Michael Faraday, Dr. Lee DeForest, H.C. Oersted, James Maxwell, James Watt and Heinrich Hertz,
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ASSIGNMENT # 2: ETHICS IN TECHNOLOGY

Read and think about the following issues and write a minimum of one paragraph
in response to each. There are no right or wrong answers; your responses shouid
show that you have given careful thought to the issues.

1. A cell phone small enough for ants to use is obviously not a practical application of the
newest nanotechnology. (At least not until they learn to falk!} So what is? Think alcng
the lines of medical applications, communications, entertainment, etc. and describe
practical purposes for tiny, yet complex, circuitry. Let your imagination run wild.

2. And... just because we can build a nanotechnology probe capable of human cell
repair at the molecular level, should we be messing with creation? What are the
possible consequences? Can our ethics keep up with the incredibly fast pace of
technological progress?

3. Aot of R&D (research and development) in technology is government funded which s
contreversial because R&D dollars are sometimes being re-directed away from social
programs. Should a country's government spend billions of doliars on expanding the
technology required for space exploration or weapens building, for example, when some
of its citizens do not have access to medical care or adequate housing?

4. Forty years ago, Gene Roddenberry, the writer/creator of the criginal Star Trek TV
series, dreamed up many ahead-of-his-time devices fike laser weapons and the flip-open
communicator of “Beam me up, Scotty” fame that looks remarkably similar to the cell
phones we use today. Do writers of science fiction foretell the future of technology? Or
do they kelp to shape it? Would the cell phone look like it does today if we hadn't first
seen Captain Kirk's communicator on TV many years ago?

B. Most of the new cell phones in use today are equipped with GPS (Global Positioning
System) which means that any time you use your cell phone, it is possible for someone to
tell exactly where you are on the face of the planet. This is very useful if you are lost or
hurt, for example. and need emergency services to respond to your distress call. GPS
technology is also used in wrist bands for persons at high risk for being lost (Alzheimer’s
patients and children, for example) and can even be implanted into the body in
microchips. This technology makes it is possible to never have another lost person or
pet. But, what about personal freedoms and privacy? Do you want to be traceable at all
times? Do the benefits outweigh the possible loss of freedom?
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ASSIGNMENT # 3: CAREER CHOICES IN ELECTRICITY/ELECTRONICS

Name: Profession or Trade:
Due Date: Teacher’s Initials:

1. Choose a trade or profession that requires knowledge and skills in
electricity/electronics. Get your teacher's approval of your choice.

2. Design a 20 slide (minimum) PowerPoint presentation on the trade or profession.
Your presentation must include:

an introduction slide,

information about the trade or profession
(such as typical tasks, education/certification
required, where you can get training, expected
salary, etc.),

a conclusion slide, and

e a bibliography slide that lists all of the sites you
visited to get information and pictures.

3. You can do most of your research in the Bridges program.

4. Remember, it's PowerPoint — not PowerParagraph. Information should be
presented in point form. Spelling and grammar count! Animations, sounds and slide
transitions are required but must be part of a good design that enhances the
information rather than being an annoying distraction. Backgrounds and font styles
must be the same throughout the presentation.

5. Links to websites can be installed by clicking on the Slide Show menu and then
on Action Buttons.

6. If you need a refresher on how to use PowerPoint, visit the tutorial located at
www.actden.com/pp/index.htm.

7. Save your work often!

8. Your presentation will be marked on the following criteria. Maximum point score is
42,
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Criteria

Focus-
Content
{Information)

Organization
{Overall order,
flow, and
transitions)

Introduction

Conclusion

Slide Show -

Layout and
Presentation

Citations

Graphics,
Sound andfor
Animation

Needs
Developing
{0 marks)

Fresentation is
confusing and
needs more
information

Details and
examples show
confused
crganization; hard
to follow

Introduction is not
apparent

Cornclusion is not
apparent

Toc many extras
(e.g. transitions).
Message not the
most important
characteristic

No way to check
validity of
information.

The graphics,
sounds, and/or
animations are
unrelated to the
content.

Graphics do not
enhance
understanding of
the content, or are
distracting
decorations that
create a busy
feeling and detract
from the content.

23

Developing
(2 marks)

Ideas are scattered
and need further
development

Details and
examples show
incorrect
organization

Introduction is vague

The closing slide
attempts to
summarize and draw
a conclusion

Too many 'added
extras' which detract
from the message.
Some organization
shown

Some information,
photos and graphics
do not use proper
MLA citations.

Some of the
graphics, sounds,
and/or animations
seem unrelated to
the topicitheme and
do not enhance the
overall concepts.
Images are too
largefsmall in size.
Images are poorly
cropped or the
colour/resolution is
fuzzy.

Competent
(4 marks)

Developed ideas
and essentially
accurate
information

Information in
logical order

Introduction
contains a focus

The closing slide
summarizes and
draws a conclusion

QOrganization
apparsnt and
appealing

Sources are
documented.
Possible to check
on the accuracy of
information.

The graphics,
sound/and or
animation visually
depict material and
assist the
audience in
understanding the
flow of information
or confent.

Images are proper
size, resolution

Highly
Competent
(6 marks)

Sophisticated,
substantial, well-
developed ideas

Information is
presented in
effective order;
transitions help
presentation flow
smoothly

Introduction has a
sharp, distinct focus

The closing slide
summarizes and
draws a clear and
effective conclusion

A high degree of
originality,
organization and
eye appeal

All sources of
information are
clearly identified and
credited using MLA
citations throughout.

The graphics, sound
and/or animation
assist in presenting
an overall theme
and make visual
connections that
enhance
understanding of
concept, ideas and
relationships.

All images are
proper size and
resolution, and
enhance the
content. There is a
consistent visual
theme.
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ASSIGNMENT # 3:
CAREER CHOICES IN ELECTRICITY/ELECTRONICS

Using the Bridges program, research three different trades/professions where a
minimum basic knowledge of electricity/electronics is required. Complete individual
career profile essays on each which include:

s an introduction that gives a basic description of the
trade/profession,

+ information about the trade such as typical tasks,
education/certification required, where you can get
training, expected salary,

s a conclusion that indicates current employment
opportunity status and outlook for the
trade/profession.

A minimum of three paragraphs is required, type-written and double-spaced. The data
submitied in the information paragraph may be bulleted. Use the same format for all
three trades/professions.
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ASSIGNMENT # 4: CREATE YOUR OWN QUIZ —

ATOMIC THEORY REVIEW

Due Date:

Quiz Date:

Each assigned team will design a quiz for the class on atomic theory which tests for an
understanding of all of the key points listed below.

The quiz must include a minimum of three sections. Each section will be of different
questioning types (multiple choice, fill in the blank, word match, draw and label a
diagram, etc.) You must also include a separate answer key.

The best and fairest quiz will be selected to be photocopied and given to the entire class.
You will not know which team ‘won’ until you see the quiz. You may find yourself taking
the same quiz that your team wrote!

Key Points:

» Definitions of atom, ion, nucleus, shells, proton, neutron, electron, atomic
number, valence shells, insulator, conductor, and semi-conductor.
« Model of an atom showing location of particles and their charges.
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ASSIGNMENT # 5; CREATE YOUR OWN QUIZ — MAGNETIC THEORY

Due Date:

Quiz Date:

Each assigned team will design a quiz for the class on magnetic theory which tests for an
understanding of all of the key points listed below.

The quiz must include a minimum of three sections. Each section will be of different
questioning types {multiple choice, fill in the blank, word match, draw and label a
diagram, etc.) You must also include a separate answer key.

The best and fairest quiz will be selected to be photocopied and given tc the entire class.
You will not know which team ‘won’ until you see the quiz. You may find yourself taking
the same quiz that your team wrote!

Key Points:

- Definitions of magnet, artificial magnet, permanent magnet, temporary magnet,
electromagnet, retentivity, reluctance, permeability, relay, solenoid, NO and NC
contacts.

» Explain domain theary, magnetic induction and magnetic shielding.

« List the factors that determine strength of an electromagnet.
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ASSIGNMENT # 6: CREATE YOUR OWN QUIZ —
SEMICONDUCTOR THEORY

Due Date:

Quiz Date:;

Each assigned team will design a quiz for the class on semiconductor theory which tests
for an understanding of all of the key points listed below.

The quiz must include a minimum of three sections. Each section will be of different
guestioning types (multiple choice, fill in the blank, word match, draw and label a
diagram, etc.) You must also include a separate answer key.

The best and fairest quiz will be selected to be photocopied and given to the entire class.
You will not know which team ‘won’ until you see the quiz. You may find yourself taking
the same quiz thai your team wrote!

Key Points:

Definitions of intrinsic and extrinsic materials, covalent bonding, doping,
pentavalent and trivalent materials, negative temperature coefficient, majority
and minority carriers, electron-hole pairs, N-type and P-type materials, PN
junction diodes and LED’s.

« Explain/draw and label full and half wave rectifiers.

= Explain why current limiting resistors are required for diode circuits,

« Draw and label schematic symboils for diodes, LED's, and NPN and PNP
transistors.
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APPENDIX B

WORKSHEET #1: CALCULATOR PRACTICE

Use your calculator to perform the following operations. If required, round your answers fo five decimal

places. Write your answers in the spaces provided.

1. -%%- = {Use inverse key.)

2 ——1— = {Use inverse key.)
" 0.000289 v

3 1 + 1 {Use inverse key.)
' 0.00421 27.9 Y

4 347x10°+629x10%=

27.9x10° _
4.35x10°

8. 18x10° x22.9x10°=

{Use exponent key.)

{Use exponent key.)

{Use exponent key.)

7. m—1;1—05— = (Use inverse and exponent keys.)
8 1 ! = (Use inverse and exponent keys.)

" 123x10°  456x10° ? ¥
3 . i + L {Use inverse and parenthesis keys.)

' 478 | 892 125 ° e

1
10.
1 N . 1 .
2.46 x10° 129 x10° 356 x10°
_ {Use inverse, exponent and parenthesis keys.)

@ Introduction to Electronics 110
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ANSWERS

1

1. — =0.00214
467
2. — 1 -3480.20761
0.000289
1 1
+ ' -237.56553

3.
0.00421 27.9
4. 3.47 x 10° + 629 x 10° = 4 099 000

27.9x107

8. 18x 10° X 22.9x10°=412 200
1

7. ——=0.00021
473x10° 0
8 1 + L =0.00103
" 1.23x10° 456x10°
9. T o[+ 1 =0.01710
478 |[B892 125
1
10.
T (.1 o oa77.16473

2.46x10° tzgxma 356 x10°
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WORKSHEET # 2: CELL RATINGS

1. What is the maximum current a cell rated at 1500 mA-hr can supply for 5 hours?

2. How long can a cell rated at 700 mA-hr provide 10 mA of current?

3. Max's flashlight draws 200 mA of current and uses a single AA cell to operate.
Max buys a cell rated at 1800 mA-hr. How long will his flashiight work?

4. Max decides to buy better quality cells for his flashlight and chooses one with a
2400 mA-hr rating. How long will his flashlight work with this more expensive cell?

5. Schmo finds a new watch in his cereal box that draws
2.5 mA of current during normal use but draws 200
mA when the alarm rings. The watch came with a cell
rated at 500 mA-hr. If Schmo doesn't use the alarm,
how long will his watch run after he turns it on?

6. When silly Schmo tries to turn on his new watch for
the first time, he accidentally turns on the alarm
instead. How long does Schmo have to figure out how
to turn off the alarm before it drains the battery?
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ANSWERS

1 M=300m,q

5hr

The cell can supply 300 mA for 5 hours.

o 100mA-hr ., ..
10 mA
The cell can provide 10 mA for 70 hours.
3. 1800mA-hr o .
200 mA
Max’s flashlight will work for 9 hours.
4 2400 mA- hr =12 br
200 mA
Max's flashlight will work for 12 hours with the more expensive
cell.
5. S00mA-hr _ 500 pr
2.5 mA
Schmo's watch will run for 200 hours or 8 days and 8 hours,
S00mA-hr _,
200 m

Schmo has 2.5 hours to figure out how to turn off the alarm
before it drains the battery. (Moral of the story: always read the
instructions first!)
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WORKSHEET # 3: RESISTOR COLOUR CODE

VALUE COLOUR CODE

20 KQ + 5% Red Black Orange Gold

34Q0+2%

100 KO £ 10%

0.730+1%

8.7 MQ £ 20%

910 Q £ 5%

47 MQ £ 10%

820 MQ £ 20%

550 KQ £ 5%

47KQ 2%

16Q+1%

COLOUR CODE VALUE TOLERANCE RANGE

Yellow, yellow, yellow, red | 440 KQ 12 % 431.2 KQ to 448.8 KQ

Red, blue, brown, silver

Brown, black, red, gold

Gray, blue, silver, brown

Orange, green, orange, red

[ Violet, violet, violet, no
colour

White, yellow, black, gold

Gray, brown, green, red

Red, orange, yellow, gold

Green, yeliow, gold, brown

Gray, gray, red, no colour
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ANSWERS

VALUE COLOUR CODE
20KQ =5% Red Black Orange Gold
340+2% Orange Yellow Gold Red
100 KQ + 10% Brown Black Brown Silver
0.730+1% Violet Orange Silver Brown
8.7 MQ = 20% Gray Violet Green No colour
910 Q + 5% White Brown Brown Gold
47 MQ + 10% Yelfow Violet Biue Silver
820 MQ £+ 20% Gray Red Violef No colour
550 KQ + 5% Green Green Yellow Gold
47 KQ +2% Yellow Violef Red Red
16Q+1% Brown Blue Black Brown
COLOUR CODE VALUE TOLERANCE RANGE _u
Yellow, yellow, yellow, red | 440 KQ +2 % 431.2 KQ to 448.8 KO |
Red, blue, brown, silver 260 0Q +10% 234 (2 to 28602
Brown, black, red, gold 1 KO + 5% 9500 to 1.05 KQ
Gray, blue, silver, brown 0860 +1% 0.8514 (1 {0 0.8686 O
Orange, green, orange, red 35K +2% 34. 37(5 ;0_557KQ
Vialet, violet, violet, no | 5 1) 4 209 616 MQ to 924 MO
colour
White, yellow, black, gold 94 0 +5% 8930109870
Gray, brown, green, red 8.1MQ +2% 7.838 M(2 to 8.262 M(2
Red, orange, yellow, gold 230 KQ + 5% 2185 KQ to 241.5 KQ
Green, yellow, gold, brown 540+1% 5.346 Qo 5,454
Gray, gray, red, no colour | 8.8 KQ +20% 7.04 KQQ fo 10.56 KQ
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1. 1=100 mA

2. k=1.8mAEr= ?
lr=7?

4q |T=7

5 k=2A

6. r=46.3 mA

7. Iy =100 pAEr= ?

8. =928 mA

9. |T= ?

10. k=29 mA Er= ?

lr = 100 mA
Ir=1.8mA
lr= ?
lr=?
lh=2A

I = 46.3 mA
Iy = 100 pA
. k=928 mA
b= ?

. lr=29mA

© @ N O RN =

iy
o

WORKSHEET # 4: OHM'S LAW

Ey=7 Rr=100Q Er=

Ry =54 KQ Er=
Er=250V Rr=5000 Iy =
ET=50V R‘r=7.6 MQ IT =
ET=100V RT= 7 RT=
ET=50V RT= ? RT=

Rr=100Q Er=
ET=10V RT= ? RT=
Er=120V Rt =100 KQ It =

Rr=12.3 KQ Er=

ANSWERS

Er= 7 Rr=100Q Er=_10V

ET= ? Rf=54 KQ E1'= 897.2V
Er=250V Ry =500 Q ir =_500 mA
Er=50V Ry =7.6 MQ Iy = _6.58 pA

Er=100V Rr=7? Rr=_500Q
E;=50V Rr= 7 Ry=_1.08 KD

Er=7? Rr=1000Q Er=_10mV
Er=10V Rr=? Rr=_10.80Q
Er=120V Rr =100 KQ lr =_1.2mA

Er= ? Rr=123 KQ Er=_357V

@ Introduction to Electronics 110
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WORKSHEET #5: WATT'S LAW

1. Pr=1W =7 Er=10V Ir=
2. P+ =500 mW lr=7? ET=100V It =
3. Pr=7 lt=784pA Er=50V Pr=
4 Pr=7 lt=400mA Er=10V Pr
5. Pr=2W Ir=100A Er= 7 Er=
6. Pr =500 mW l+=28 mA Er=7 Er=
7. PT=4W I+ =100 mA Er=17 Er=
8. Pr=35KW Ir= 7 Er=240V Ir=
9. Pr=7 lr=30A Er=300V Pr=
10. PT=10W |T= ? ET=120V IT—
ANSWERS
1. Pr=1W k=7 Er=10V It = 100 mA
2. Pr=500mW |1=7 Er=100V It = 5 mA
3 Pr=7 Iy =784 pA Er=50V Pr=__39.2mW
4 Pr=7 It = 400 mA Er=10V Pr = 4W
5 Pr=2W ir=100A =7 Er= 20 my
B Pr=500mW k=28mA Er= 7 Er= 179V
7. Pr=4W Ir =100 mA Er=17 Er= 40V
8. Pr=35KW lr= 7% Er=240V Iy = 14.6 A
9 Pr=7? h=30AE;=300V Pr= 9 KW
10. Pr=10W k= ? Er=120V Ir= 83.3 mA
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WORKSHEET # 6: OHM’S AND WATT'S LAWS COMBINED

g
|

= = e o e =

1. Pr=10W Er=10V Rr= 7 Rr=

2. Pr=642 mW Er=120V¥ Ry=7? Rr=

3. Pr=10W Er=7? Rr=750 Er=

4, Pr=250W Er="? Ry=22KQ Er=

5. Pr=? Er=35mV Rr=80Q Pr=

6. Pr=7? Er=150V Rry=4KQ Pr=

7. Pr=10W lr=5mA Rr=7? Ry=

8. Pr=427mW Iy = 870puA Rr=7? Rr=

9.  Pr=150W It =7 Rr=1KQ It =

10. Pr=1.9mwW lr=7? Rr=7700 Ir =

11. Pr=7? I+ = 5mA Rr=4700Q Pr=

12. Pr=? |t =236A Rr=5M2 Pr=

ANSWERS

1. Pr=10W Er=10V Rr= "7 Ry=__10

9]

2. Py =642 mW Er=120V Ri=7? Rr=

22.4 KO

3. PT=10W ET= ? RT=75Q ET=

274V

4. P; =250 W Er=7? Rr=22KQ Er =

742V

5. Pr=? Er =355 mV RT=BQPT=M
36
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563 W

KO

mA

10.
mA
1.

P\'=10W

Pr=427 mW

564KO

Pr=150 W

Pr=19mwW

11.8 mW

12.

64.8 MW

Er=150V

Ir= 65mA

870 pA

5mA

36A

Ry=4 KO P:=
Rr= ? Rr=_400
Rr= 7 Ry =
Rr=1KQ I- = _387
Ry=770Q b =_1.57
Rr =470 Q Pr=
Rr =5 MQ Pr=

37
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WORKSHEET # 7: SERIES CIRCUITS - PART ONE

Solve for all unknown values in the following circuits. Round each answer to three significant figures and
use metric prefixes where possible. Do not use rounded values in calculations. Each answer must include
the correct metric prefix and unit of measurement to be considered correct.

Ry =2.2 KO
R, =150 &
Ra=
Er= 2
100 v 22K0
Ra=
470 Q
|
vWW
R, =1KO
Ry =47 KQ
VWW\
Er= .
=
vy | 10 KQ
R3=
6.8 KQ
Ry=
52 KO
VWA
R5=1Kﬂ

R | E
R, 470 Q
R; 1 KO
R; 2.2KQ
Totals 20V
R | E P
R, 150 Q
R; 2.2 KQ
R, 470 Q
R, 1KQ
Totals 100V
R | E P
R, 4.7 KQ
R 10 KQ
[ R, |s6ska
R, 52 KQ
Rs 1KQ
Totals 250V
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ANSWERS

R | E P
Ry 4700 | 545mA | 256V 14 mW
R, TKQ |545mA | 545V | 28.7 mw

R, 22KQ |545mA | 12V 65.3 mW

Totals | 3.67KQ |545mA| 20V 109 mW

R4 1500 |262mA| 3.93V | 103 mwW

R, 22KQ |1262mA| 576V | 151 W

R; 470Q |262mA| 123V | 322 mW

R, TKQ |262mA| 26.2V | 685 mwW

Totals | 3.82KQ |262mA| 100V | 262W

R, 47KQ | 3.38mA| 158V | 529 mw

1MMKQ 1336mA| 336V | 113 mW

B8KQ [338mA| 228V | 76.6 mW

e

52KQ |3.36mA| 174V | 586 mW

Rs TKQ |336mA| 336V | 11.3mwW

Totals | 745KQ | 3.36 mA| 250V | 839 mw
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WORKSHEET # 8: SERIES CIRCUITS - PART TWO

Solve for all unknown values in the following circuits. Round each answer fo three significant figures and
use metric prefixes where possible. Do not use rounded values in calculations. Each answer must include
the cosrect metric prefix and unit of measurement to be considered correct.

Epi=12V R | E P
Rr=5Ka| M R, 12V
- Ik = 4 MA R, 4 mA
A R; 51.2 mW
Pgrs = 51.2 mW Totals | 5KQ
2.
Ere=25V R | E P
WV
Ry = R
ongl 1
o R2 = Rz
22KQ
L R
WAN
Ers= 19V Totals
Prs =950 |.IW
3.
Ry = 500 0
YWW R | = b
R,=450 0
2 R1
_— R;
Ry =500 Rs
|R3 =2 mA R4
YWV | Totals
R, =3.5KQ
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Er1=24V

4,
AAA
R.=11.5KQ
RT = —
30 KO
Pra=12.5 mW
Ers =6V
Prs= 30 mW
VWA
Prs = 300 mwW
R | E P
R4
R
Rs
R4
Rs
Totals
4]
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ANSWERS

1. R i E P
R | 3000 | 4ma | 12v | a8mw
Re | 15Ka | 4ma | 6v | 24mw
Re | 32ka | 4ma | 128v |512mw
Totals | 5ka | 4mAa | 20v | somw
2.
R i E p
Re | 50ka | 5pa | 25v |125mw
R, | 22ka | spa | 11v | 550 0w
Rs | 38KQ | 5pA | 1.9V | 950 W
Totals | 56KkQ | 5pA | 28V | 14mw
3.
R | E P
R1 5000 | 2mA 1v | 2mw
R: | 4500 | 2mA |900mv | 1.8mw
Rs 500 | 2mA | 100mv | 200 uw |
Re |35ka | 2ma | 7v [ 1amw
Totals | 45KQ | 2mA | ov | 18mw
4
R 1 E P
R, | 48k | 5mA | 2av | 120mw
R: | 112Ka| 5mA | 575v | 288 mw |
R: | 5000 | 5mA | 25V | 12.5mw
Re | 12KQ | 5mA | 8v | 30mw
Rs | 12k | smA | 60v | 300mw
Totals 30 KQ 5mA 150 V 750 mW
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WORKSHEET # 9. PARALLEL CIRCUITS - PART ONE

Solve for all unknown values in the following circuits. Round each answer to three significant figures and
use metric prefixes where possible. Do not use rounded values in calculations. Each answer must include
the correct metric prefix and unit of measurement to be considered correct.

R ! E P
ET =
Ry = Rz = Rs= R 2KQ
SN 2] 5KQ 10 KO !
=~ R | 5KQ
1 R:; |10KQ
Totals 20V
R E
Er= R, |4700
30V Ry =

A 2400 R, |4700

= Rs |10KQ

.[ R, | 5K

Totals acv
R E
£ = R, 5KQ
120V Ri= Rz =
e 5 KQ 4KO R, 4 KQ
- R. 3KQ
T R, 2 KQ
R; 1KQ
Totals 120V
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ANSWERS

R | E P
R, | 2ka [10ma[z20v | 200mw
R, | 5k | 4ma [20v | somw
R, | 10ka | 2mA [20v | 40mw
Totals | 1.25Ka | 16 ma | 20v | 320 mw
R | E P
R, |4700[s38mal3ov]| 191w
R, | 4700 |638ma|30v| 191w
R, |10ka| 3ma [30v ] somw
R, | 5ka | 6mA |30V [180mw
Totals | 2200 [ 137ma [ 30v | 41w
R ! E P
R, | 5Ka | 24ma | 120v | 288w
R, | 4ka | 30ma | 120v | 36w
R, | 3ka | 40ma [ 120v | 48w
R, | 2ka |[eoma | 120v | 72w
R, | 1ka [120ma| 120v | 144w
Totals | 4380 | 274mA | 120v | 328w |
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WORKSHEET # 10: PARALLEL CIRCUITS - PART TWO

Solve for all unknown values in the following circuits. Round each answer to three significant figures and
use metric prefixes where possible. Do not use rounded values in calculations. Each answer must include

the correct metric prefix and unit of measurement to be considered correct.

. = |R2 = d Rs =
1 Sika 4.3 mA 10 KO
— é Pr = 2
- < BmwW
2
s R, = R, = R
17 2~ =]
MY Saska 35K0
— g Era =
- 25V
3.
|1' =
285 m R Rz = Irs = =
i 12K0D 45 750 Q
= Pre =
.’ 13.3W
|
435

R | E P
R, 1KQ
R, 43 mA 86 mwW
R; {10KQ
Totals
R I E P
Ri
R;
R,
“Totals
R I E
R
HRZ SN . e
R; 1
R,
Totals
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R(= Pr2 = Rs = Ry = P Prs =
10 KQ goemw 15 KQ »37 KQ 2 55.6 mw
Ir1 =
SmA <

— '

R1

Rs

Totals
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ANSWERS

" R I E P
R, 1kQ | 20mA [20v ] 400 mw
R, |465ka} 43mA |20v] 86 mw
R;, | 10ka | 2ma [20v] 40mw
Totals | 7600 | 26.3ma [20v | 526 mw
2
R | E P
R, |2s5ka| 1ma |25v]| 25mw
R, |35Kka|714malf2sv]i17amw
R, | 7850 |319mA|25v| 796 mw
Totals | 625Q | 40mA {25V| 1W
3. R | E P
R, |423Ka|236ma[100v]238wW
R, | 12KQ |832mA 100V |831w
R, |222Kka| 45mA [100v 440w
R, | 7500 | 133mA [ 100V ] 133w
Totals | 3500 | 285mA | 100v 285w
4
R | E P
R, | 10ka | smA [s0v]| 250 mw
R, | 229kal218ma[sov| 100 mw |
R, | 15K |333mA [s0v] 167 mw
R, | 37kQ [1.35mA[s0v]67.6 mw
Rs | 45K |1.11mA[s0v] 556 mw
Totals | 3.85kQ | 13mA |50V 649 mw
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WORKSHEET # 11: SERIES-PARALLEL CIRCUITS — PART ONE

Solve for all unknown values in the following circuits. Round each answer to three significant figures and
use metric prefixes where possible. Do not use rounded values in calculations. Each answer must include
the correct metric prefix and unit of measurement to be considered correct.

1. Ri=5KQ

Totals

ET = —

120 -

Ry
Rz
Ry
Ra

Totals
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3. Ry =150 0

25V = 2.2KQ 470 O

oV ==

Rs=1KQ

R:
Rs

Rs
Totals
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ANSWERS

" R | E P
R, | 5KQ |667mA| 333V | 222mw
R, | 5KQ |333mA| 167V | 556 mw
R, | 5KQ |333mA| 167V | 556 mw
Totals | 7.5KQ | 667mA| 50V | 333 mw
2.
R | E P
R, | 10kQ |741mA| 741v [549mw
R, | 62K |741mA| 459V | 340mw
Rs | 22Ko |102ma | 224v [228 mw
R, | 96ka |102ma| 976V | 993 mw
Totals | 683K | 176mA | 120v | 211w
3.
R | E P
R, | 1500 |163mA| 244V | 30.7 mw
R, | 22K0 |286mA| 63V | 18mw
R: | 4700 |134mA| 63V | s4amw
R, | 1KQ |163mA| 163V | 264 mw
Totals | 154Ka | 163mA | 25V | 407 mw
4,
R | E P
R, | 25ka [795ma| 19.0v | 158 mw
R, | 47KQ |259mA | 122V | 31.5mw
R, | 4700 |536mAf| 252V [ 13.5mw
R, | 1.8KQ |536mA| 965V | 51.7 mw
R, | 1Ko |795ma| 795v [ e32mw
Totals | 503KQ | 7.95mA | 40v | 318mw

@ Introduction to Electronics 110

50



WORKSHEET # 12: SERIES-PARALLEL CIRCUITS — PART TWO

Solve for all unknown values in the following circuits. Round each answer to three significant figures and
use metric prefixes where possible. Do not use rounded values in calculations. Each answer must include
the correct metric prefix and unit of measurement to be considered correct

1.
PR1 =3.32W
ET =
100V == Ro= Eps =
— 500 O 146V
R | E P
R4
R.
Rs
Totals
2.
lrs = Irs =
17 mA 11.4 mA
— ERa =
= 25V
Pra =
136 miw
|
R | E P
Ri
R,
Rs
Tofals
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R:=10 KQ

120V

|R4 =6.58 mA

Ry

R.

Rs

Totals

|R5 =

50 mA

R,

R:

Rs

Ry

Rs

Totals
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ANSWERS

R | E P
R, | 22Ka |389mA| 854v | 332w
R, | 5000 [202mA| 146V | 426 mw
R, |151ka|968mA| 146V | 141 mw
Totals { 257KQ [ 389mA | 100V | 380w
R | E P
R 1kQ | 17mA | 17v | 280 mw
R, | 4710 | 177ma | 8v | 13emw
Ry [219KQ|114mA| 25V | 285 mw
Totals | 8800 |284mA| 25v | 710mw
R | E P
Ry | 10KQ [658mA| 658V | 433mw
R, 5KQ |201mA| 101V | 204mw
R, |222k0|457mA| 101V | 464 mw
R, |671KQ|658mA| 442V | 291 mW
Totals | 182K [ 658 mA | 120V | 790 mW
R | E P
Ry |218KQ|21.7mA| 474V | 1.03W
R, 9950 [217mA| 216V | 469 mw
R, |47ka [147ma| sov | 101w |
Ry |497Ka|364mA| 181V | 659W
Rs 5K | somA | 250v | 125w
Totals | 289K [ 86.4mA | 250v | 216w
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WORKSHEET # 13: AC CONVERSIONS

1. What is the peak-to-peak value of a current sine wave that reaches a maximum positive alternation

of 1.52 mA?
2. What is the peak value of an AC voltage with a peak-to-peak value of 120 V?
3. An AC voltage has a peak value of 42 V. What is its effective value?
4. An AC current has a peak value of 100 mA. What is its RMS value?
5. What is the peak-to-peak value of an AC current of 2.4 A?

6. What is the peak-to-peak value of an AC voltage of 50 V?

7. In the diagram below, what are the RMS, peak and peak-to-peak values of the current sine wave
displayed, given that each vertical division on the oscilloscope equals 2 mA?

8. In the diagram below, what are the RMS, peak and peak-to-peak vaiues of the voltage sine wave
displayed, given that each vertical division on the oscilloscope equals 25 V?
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ANSWERS

. lpe=lpx2 lep=1.52mA X 2 lpp = 3.04 mA

The peak-to-peak value of a current sine wave that reaches a maximum positive alternation
of 1.52 mA is 3.04 mA.

. EP=EE Erp=120V Er =60V

2 2
The peak value of an AC voltage with a peak-to-peak value of 120 Vis 60 V.

. Erws = Epx 0.707 Erms = 42V x 0.707 ERME =20.694V

An AC voltage with a peak value of 42 V has an effective value of 29.7 V.

. IRMS = 'p x 0.707 IRMS =100 mA x 0.707 IRMS =70.7 mA

An AC current with a peak value of 100 mA has an RMS value of 70.7 mA.

. lqus = lp x 0.707 24A=1>x0707 2.4A=!Bx%

0.707
24A=1p 3.304625 A=
0.707
lpp=ipx2 lpp = 3.304625 A x 2 lpp=6.78925 A

The peak-to-peak value of an AC current of 2.4 A is 6.79 A.

6. Erns =Ep x 0.707 50V = EPX 0.707 50 V=EPXO.707 /
0

707 8707
50V=Ep 70.721357 V = Ep
0707
Eep=Epx2 Epp =71721357Vx2 Epp= 141.4427 Vv

The peak-to-peak value of an AC voltage of 50 Vis 141 V.

T le=4mA lp=8mA

lrus = Ip X 0.707 lrus = 4 mA x 0.707 lrms = 2.828 mA

The RMS value is 2.83 mA, the peak value is 4 mA and
the peak-to-peak value is 8 mA.

8. Ep=50V Epp=100V

ERMS = Ep x 0.707 E—RMS =580V x0.707 Egns =35.35V

The RMS value is 35.4 V, the peak value is 50 V
and the peak-to-peak value is 100 V.
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WORKSHEET i# 14: AC RESISTIVE CIRCUITS
1. What are the effective voltage drops across two resistors, 2.2 KQ and 5 KQ, connected in series with 30
Ve applied?
2. What is the effective current value in a circuit having a source of 120 V¢ and a resistive load of 1.2 KQ?

3. Find the effective current value for each of the following circuits:

a.
112 V,\c Ry =
743
b. 200 Ve
4 R.‘ = R2 =
:: 2.2KO 4.8KQ
<
c.
—VW—
50V R, =10KQ
q Ra= Rs =
:: 7.8KQ 14 KQ
«
ANSWERS
1. |t = 4.166667 mA Ert = 4.166667 mA x 2.2KQ =917V Ery = 4.166667 mA x5 KQ =
208V
2. 100mA
3. 148mA
4. 133 mA
5. 3.33mA
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WORKSHEET # 15: INDUCTOR CONFIGURATIONS

Find the Ly of the following inductor configurations.

1. Ly=72.4 mH
L1 = |_2 = |_3 =
. 762mH Y 22.1mH 3 479 wH
5=
259 mH
A
1,=38H
3.
L1 =578 mH l,= Ly=

342 mH 751 mH

— Y
L1 = 46 mH
Ly =
L= 879 uH
22.7 mH
L3 =
4.6 mH
m_
ta= 751 mH

ANSWERS

1. The total inductance of this configuration is 4.13 H.
2. The total inductance of this configuration is 12.6 mH.

3. The total inductance of this configuration is 812 mH.
(L. = 2349881 mH)

4. The total inductance of this configuration is 1.18 mH.
(La=1.38mHand Lg = 8.01 mH)

5. The total inductance of this configuration is 126 mH.
{(La= 5479 mH and Lg=4.413687 mH})
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WORKSHEET # 16: INDUCTIVE REACTANCE

1. Find the inductive reactance of a 825 pH inductor at:

a. 450 Hz
b. 2KHz
c. 97.5KHz

2. Find the inductive reactance of a 450 mH inductor at:
a. 450 Hz
h. 2KHz
¢ 97.5KHz
3. What is the effect of increasing the frequency on the resulting inductive reactance? Why?
4. What is the effect of increasing the size of the inductor on the resulting inductive reactance? Why?
5. Find the inductive reactance of three 800 pH inductors in series at 1.8 KHz.
6. Find the inductive reactance of three 800 pH inductors in parallel at 1.8 KHz.

7. How much current flows in a circuit with an inductive reactance of 200 Q when 50 V¢ at 50 Hz is
applied?

8. What voltage must be applied to a circuit having an inductive reactance of 975 Q to cause 25.6 mA of
current?

9. What is the inductive reactance of a circuit with 480 mA of current and 72 V¢ applied?
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ANSWERS

1. a X =2mflL b. X =2mfL
= (2m){450 Hz)(825 uH) = {2}2 KHz)(825 |H)
= 2332630 = 10.36726 Q

The inductive reactance is 2.33 Q
The inductive reactance is 10.4 Q2
c. X =2mfL
= (2m)(97.5 KHz)(825 uH)
= 50540372 Q

The inductive reactance is 505 Q

2. a X =2wfL b. X, =2wfL
= (2m){450C Hz)(450 mH) = (21)(2 KHz)(450 mH)
= 12723450 = 5654.867 0

The inductive reactance is 1.27 KQ
The inductive reactance is 5.65 KQ
c. X =27fL
= (2){97.5 KHz){(450 mH)
= 275674.755

The inductive reactance is 276 KQ
3. The inductive reactance increases because it is directly proportional to frequency.
4. The inductive reactance increases because it is directly proportional to the amount of inductance.

5, LT= L1+L2+L3 XL=2'I'I'fL

= 800 uH + 800 pH + 800 uH (2m)(1.8 KHz)(2.4 mH)

27.14336 O

H

2400 pH

2.4 mH The inductive reactance is 27.1 Q
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X =2mfL

Lr= 1 +1+1
b L L = (2mm)(1.8 KHz){ 266.6666 pH)
1 =
i T+ 1 PR 3.015928
800 pH 800 pH 800 pWH
= 266.6665 uH The inductive reactance is 3.02 {2
7. = E = 50 Vae = 250 mA The current in this circuit is 250 mA
X 2000Q
8. 1= E E=1xX = 256mMAx975Q = 24.96 Ve
X The voltage applied to this circuit is 25 V¢
9, I=E X =E = 72V, = 1500
XL | 480 mA The inductive reactance of this circuit is 250
Q
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WORKSHEET # 17: CAPACITOR CONFIGURATIONS

Find the C; of the fellowing capacitor configurations.

]
Cy =120 pF
Cp = 254 pF
i1
i1
Cs= 50 pF
11
3 11
Ci= 25 F
——Cz: ——Cs:
== 55LF o450 uF
5 C1= 25 uF

)
]

-

150 nF

p

L= Ca= | Ca=
—l.256 uF 452 nF __98& nF
4.
1 Al
C1 = C3 =
I 40 nF I 650 pF
Cz = C4 =
25 nF 500 pF
ANSWERS

. The total capacitance of this configuration is 31 pF.
. The total capacitance of this configuraticn is 2.69 uF.

. The total capacitance of this configuration is 23.8 uF.

(Ca = 505 uF)

4. The total capacitance of this configuration is 15.7 nF

(Ca=15.38462 nF and Cg = 282 608696 pF)

. The total capacitance of this configuration is 1.12 pF.

{Ca= 58.16327 nF and Cp = 2.558163 uF)
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WORKSHEET # 18: CAPACITIVE REACTANCE

. Find the capacitive reactance of a 450 pF capacitor at:

a. 50Hz
b. 2 KHz
c. 15 KHz
2. Find the capacitive reactance of a 12 pF capacitor at:
a. 50Hz
b. 2 KHz
c. 15 KHz
3. What is the effect of increasing the frequency on the resulting capacitive reactance? Why?
4. What is the effect of increasing the size of the capacitor on the resulting capacitive reactance? Why?
5. Find the capacitive reactance of three 800 pF capacitors in series at 400 Hz.
6. Find the capacitive reactance of three 800 pF capacitors in parallel at 400 Hz.
7. How much current flows in a circuit with a capacitive reactance of 48 KQ when 50 Vac at 50 Hz is
applied?
8. What voltage must be applied to a circuit having a capacitive reactance of 500 £ to cause 25.6 mA of
current?

9. What is the capacitive reactance of a circuit with 875 pA of current and 890 mVac applied?
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2

ANSWERS

1 S
b. Xe=2wfC

a. Xe=2wicC
1 1
= (2m)(2 KHz){(450 pF)

= (2m)(50 Hz){450 pF)

= 7073.55302 0 = 176.83883 Q
The capacitive reactance is 7.07 KQ The capacitive reactance is 177 Q
1
¢ Xc=2m7iC
1
= {2m){10 KHz)(450 pF}
= 3536777 0
The capacitive reactance is 35.4 Q
1
i b. Xe=2wfC
a Xe=2wfC
L 1
= (2350 Hz)(12 pF) = (2m){2 KHz){12 pF)
= 6.631456 0

= 265.258238 0
The capacitive reactance is 265 Q The capacitive reactance Is 6.63 D

c. Xg =2mfC
The capacitive reactance is 1.33 Q

9
= (2m{10 KHz)(12 uF)

= 1.32629 O

3. The capacitive reactance decreases because it is inversely proportional to frequency.
4. The capacitive reactance decreases because it is inversely proportional to the amount of capacitance.

5. 1
Cr= A+t
c, C GC; Xe=2wfC
1 1
- T+ 1+ 1 = (2m}{400 Hz)( 266.66667 pF}
800 yF 800 puF 800 uF
= 1.492078 Q

= 266.66667 uF
The inductive reactance is 1.49 Q
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1
6. Cr=Ci+Ca+Cy Xe=2wfC

= 800 uF + 800 uF+ 800 uF 1
= (2m)(400 Hz){ 2.4 nF
- panF (2m)(400 Hz)( 2.4 nF)
= 165786.39905 O
The inductive reactance is 166 MQ
7. I=E = 50 Vac = 0.0010416667 A
Xc 48 KQ
The current in this circuit is 1.04 mA
8. 1= E. E=1xX¢ = 256 mA x 500 Q = 12.8Vae
Xc
The voltage applied to this circuit is 12.8 V¢
9, i= E Xe=E = 890 mVye = 1017.14286 Q
Xe | 875 A

The inductive reactance of this circuit is 1.02 KQ
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WORKSHEET # 19;: TRANSFORMERS

1. What is the furns ratio of a transformer having 2275 turns on the primary winding and 15 925 turns on
the secondary winding? What kind of transformer is it?

2. What is the turns ratio of a transformer having 23 760 turns on the primary winding and 17 820 turns on
the secondary winding? What kind of transformer is it?

3. A transformer has a turns ratio of 5 with 15 000 turns on the secondary winding. How many turns are
on the primary winding? What kind of transformer is it?

4. A transformer has a turns ratio of 0.25 with 2400 turns on the primary winding. How many tums are on
the secondary winding? What kind of transformer s it?

5. A transformer has a turns ratio of 1 with 1225 turns on the primary winding. How many turns are on the
secondary winding? What kind of transformer is it?

6. Atransformer with a turns ratio of 7 has 10 V¢ applied. What is Eg?
7. Atransformer with a turns ratio of 0.625 has an |5 of 420 mA. What is Ip?
8. What is the Ps of a transformer with an Ep of 50 Ve and an Ip of 2 mA?

9. Solve for all unknown values for a transformer with a turns ratio of 2, Np = 36 300, Ps = 44 W and Ep =
220 Vac.

PRIMARY SECONDARY

V|—=|mZ

10. Selve for all unknown values for a transformer with a turns ratio of 0.04, Ng = 130,
Is=23mAandEg=24 Vac.

PRIMARY SECONDARY

O[—|M|Z
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ANSWERS

. Turnsratio= Ng = 15926 = 7
Np 2275

The turns ratio is 7. The transformer is a step-up.

. Tumsratio= Ns = 17820 = 0.75
Np 23760

The turns ratio is 0.75. The transformer is a step-down.

. Tums ratio = Ng Ne= _Ng = =15000 = 3000
Ne turns ratio 5

There are 3000 turns on the primary. The transformer is a step-up.

. Turns ratic = Ng Ns = N x turns ratio
Np = 2400x 0.25
= 600

There are 600 turns on the secondary. The transformer is a step-down.

. Turns ratio = Ng Ns = Np x turns ratio
Np = 1225 x 1
= 1225

There are 1225 turns on the secondary. The transformer is an isolation type.

. Es

. Pp

= Ep x turns ratio
= 10 VAC x7
=70 VAC
The voltage felt across the secondary winding of this transformer is 70 Vac.
ls= [ lp = lg x turns ratio
turns ratio = 420 mA x 0.625
= 262.5mA
The current in the primary winding is 263 mA.
= lpxEp Pg = Pp
= 2 mA x 50 Vac Pg = 100 mwW
= 100 mW

The power in the secondary winding is 100 mW.
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PRIMARY SECONDARY
N 36 300 326 700
E 220 Ve 1980 V¢
| 20 mA 222 mA
P 14 W 4.4W
Pe= Pg - - -
_ k=P =44W = 20mA
Pp= 44W B 220V,
Eg =255\;( turns ratio lg = I = 20 = 222 mA
= o X g _‘E‘_. b
= 1980 Vo turns ratio 9
Ns= Np x furns ratio
=36300x 9
= 326 700
10.
PRIMARY SECONDARY
N 3250 130
E 860 V,qc 2.4 VAC
I 920 pA 23 mA
P 55.2 m\W 55.2 mw
Np = Ng : = 130 = 3250 Ep = Ee = 24V = 60Vag
tums ratic  0.04 turns ratio 0.04
lo = I3 x turns ratio Pe= lpXEp
= 23 mA x 0.04 = 920 JAXBO V¢
= 920 pA = 852 mwW
Ps = Pp
Ps= 55.2 mW
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APPENDIX C

LAB 1-6C: CELL CONFIGURATIONS

Objective: To predict by calculation and confirm by measurement the total voliage of cells in series,
parallel and series-parallel configurations.

Materials/Equipment Required: four C or D cells 22 gauge hook up wire
wire strippers masking tape
Multimeter

Procedure:

1. Label each cell as A, B, C and D using small pieces of masking tape.

2. Using the multimeter, measure and record each cell's voltage in the data table provided. Be
sure to place the red lead on the anode and the black lead on the cathode, and to use the lowest
possible scale for accuracy.

Series Configurations
3. Draw the schematic for cells A and B connected in series indicating the cathode and ancde of
the battery (combined cells).
4. From the measureaments taken in Step 2, calculate and record Ey for this configuration, showing
your equation, in the space provided.
5. Using small pieces of masking tape to hold hook up wire in place, connect the cells in series.
6. Using the multimeter, measure the battery voltage and record it in the space provided.
7. Repeat Steps 3 to 6 for cells B, C and D in series.

Parallel Configurations

8. Draw the schematic for cells C and D connected in parallel indicating the cathode and anode of
the battery.

9. From the measurements taken in Step 2, calculate and record Ex for this configuration, showing
your equation, in the space provided.

10. Using small pieces of masking tape to hold hock up wire in place, connect the cells in parailel.
11. Using the muitimeter, measure the battery voltage and record it in the space provided.

12. Repeat Steps 8 to 11 for cells A, B and C in parallel.

Series-Parallel Configurations

13. Draw the schematic for two parallel strings of two cells in series. One string is to have cells A
and B in series. The other string is to have cells C and D in series.

14. From the measurements taken in Step 2, caiculate and record Er for this configuration,
showing your equation, in the space provided.

15. Using small pieces of masking tape to hold hook up wire in place, connect the cells in series-
parallel.

16. Using the multimeter, measure the battery voltage and record it in the space provided.

Conclusion
17. Wirite three conclusions/observations concermning cell configurations proven by this lab.

1
Data Summary:

Cell A Cell B Cell C Ceil D
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Cells A and B in series

Schematic:

Calculation of Eq: Measurement of Ey

Cells B. C and D in series

Schematic:

Calculation of Eq: Measurement of Ey

Cells C and D in parallel

Schematic:

Calculation of Ex: Measurement of E+

Cells A, B and C in parallel

Schematic:

Calculation of E: Measurement of Er

Cells A B. C and D in series-parallel

Schematic:

Calculation of Eq: Measurement of E;:

Conclusions:
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FAMILIARIZATION ACTIVITY

Objectives: Familiarization with the XK-150 Digital/Analog Trainer and M-3800 multimeter by
completing the following activities:
a. set up and measure the variable power supply for specified voltages,
and
b. build and test simple LED (Light Emitting Diode} circuits.

Materials and Equipment Required: a

XK-150 Digitai/Analog Trainer e

M-3800 multimeter ]

22 gauge jumper wire (red and black) LED I

Two Light Emitting Diodes (LED’s), of any colour

Two resistor with colour bands of red, red, red, gold.
{The resistor body colour does not matter.)

Procedure: Resistor

PART A
O 1. Make sure the trainer is turned OFF but plugged into the wall supply.

O 2. Make sure the multimeter Is turned OFF. Insert the black meter lead into the COM jack of the meter
and the red meter lead into the VIQ jack. Set the multimeter to the 200 DCV scale.

1 3. Insert the red meter lead into the hole on top of the red binding post of the power supply.
r1 4. Insert the black meter lead into the hole on the top of the black binding post of the power supply.

[1 5. Rotate the positive power supply control to its full
counter-clockwise position (OFF).

[J 6. Turn ON both the multimeter and the trainer.

[0 7. You should read approximateiy 1.2 V on the meter.
The power supply does not turn all the way downfo O V.

[1 8. Slowly rotate the control knob to its full clockwise
position while observing the reading on the meter. You
should read about 18 V.

1 9. Adjust the power supply to have an output of 10.0
V.

O 10. Turn the meter scale to 20 DCV and observe the
meter reading. The measurement is accurate to two decimal places.

O 11. Turn the meter scale to 1000 DCV and observe the reading. The measurement is only accurate to
the nearest whele volt.

DO 12. Turn the meter scale back to 20 DCV and adjust the power supply to 2.20 V.
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0O 13. Momentarity turn the multimeter switch to the 2 DCV scale and Flat side on case
observe the reading. Since the maximum voltage for the scale has —’.’%__ indicates

been exceeded, the meter shows a 7 on the far left of the display. DO + % negative lead
NOT overload the meter for any longer than it takes to observe the o'd

overload reading.

O 14. Turn OFF both the meter and the trainer. Remove the meter leads from the trainer and turn the
power supply down to its full counter-clockwise position.

PART B:
O 1. Loosen the cap on the red and black binding posts. =T v

O 2. Insert a 4" length of black jumper wire through the hole in
the black binding post and tighten the cap. Insert the other end
of the wire into hole 20-a.

O 3. Insert a 4" length of red jumper wire through the hole in
the red binding post and tighten the cap. Insert the other end of
the wire into hole 7-a.

O 4. Insert one end of the resistor into hole 7-b and the other
end into hole 10-b. DIAGRAM A

O 5. Insert the negative end of the LED into hole 20-c and the
positive end inte hole 10-c. Your set up should look like DIAGRAM A,

The diode and the resistor are in series. They are conrected, end to end, in row 70

since the holes ¢ to e are the same electrical point.

01 6. Switch the multimeter to the 20 DCV scale. Turn ON .
both the trainer and the multimeter. g
1 7. Setthe it IFi e R,
. power supply o 5 V. The LED should be lit. I it ¥y 5 LE
does not light, turn off the equipment and check all of your XS INEE S -
connectiens. Make sure the leads of the LED are not reversed. // . - :‘n

~

: ‘-—Eﬁ:ﬁ:‘.ﬁr- —

B 8. Measure the voltage across holes 7-a and 20-a by
touching the red meter lead to the bare wire geing into hole 1-a
and touching the black meter lead to the bare wire going into
hole 20-a. (The tips of the meter leads are too big to insent

into the holes. Forcing them in will damage the breadboard! um
The measurement is just as accurate by touching the bare - rao A
wires instead.) e S Sy e
DO 9. Measure the voltage across the resistor. It should be DIAGRAM B
approximately 3.3 V.
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O 10. Measure the voltage across the diede. It should be approximately 1.7 V.
O 11. Turn OFF hoth the meter and the trainer.

0O 12. Insert the other resistor in holes 7-e and 10e. Your set-up should look like DIAGRAM B.

The two resistors are now connected in parallel. Both left sides are connected in row I

and both right sides are connected in row 0.

O 13. Switch the multimeter to the 20 DCV scale. Tumn ON both the trainer and the multimeter.

C1 14. Setthe power supply to 5V. The LED should be Iit. If it does not light, turn off the equipment and
check all of your connections. Make sure the leads of the

LED are not reversed. s R
0O 15. Measure the vcltage across each resistor. The 1 i "‘u : - N e
measurements will be the same (approximately 3.2 V) otz . A Ll

because the resistors are in parallel.
O 16. Turn OFF both the meter and the trainer.

O 17. Move the black jumper wire to hole 30-a.

O 18. Insert a second diode in series in the circuit by _!_¥!
ingerting the positive lead of the diode into hole 20-d and
the negative lead in hele 30-d. Your set-up should look like _
DIAGRAM C.

DIAGRAM C

The two resistors are connected in parallel and the two diodes are in series.

0 19. Switch the muitimeter to the 20 DCV scale. Turn ON both the trainer and the multimeter.
O 20. Measure the voltage across the resistors. It should be approximately 1.4 V.

O 21. Measure the voltage across both diodes. It should be approximately 3.6 V with each individually
measuring about 1.8 V.

1 22. Turn the trainer OFF and disassemble the circuit.
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LAB # 1-25A: BUILDING AN ELECTROMAGNET

Objective: To build the strongest electromagnet possible from the materials given.

Materials/Equipment Reguired: two C or D cells 22 gauge hook up wire {2 meters)
wire strippers masking tape
iron nails paperciips or metal washers
Procedure:

1. Using only materials listed, construct an electromagnet and test its strength by determining how
many paperclips or metals washers it can pick up.

2. Experiment with different cell configurations, wire-wrapping techniques and cores to strengthen
your magnet.

3. Record your best number of paperclips and/or washers. (Note: You may have to prove this
number in head-to-head competition!)

4. Using the left-hand rule for coils, determine and mark the North pole. Gheck with another team
to verify attraction and repulsion of their electromagnet.

5. After the competition, disassemble your electromagnet.

6. Check for retentivity of magnetism in the nail. Bang it on a hard surface and re-check for
retained magnefism.

7. Complete questions below.

Questions

1. Write out the steps you took to improve the strength of your electromagnet and the results

2. What are the three factors that determine the strength of an electromagnet?

3. Describe the left-hand rule for coils.

4. Why did the nail retain magnetism?

5. Why does striking the nail cause it to loose its magnetism?
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LAB 1-25B: RELAYS

Objective: To observe the operation of a relay in a circuit.

Materials/Equipment Regquired:

wire

protoboard with power supply

DPDT relay (OMRON G5V-2)

1 K resistor

Procedure:

1. Construct the circuit shown to the right on your
protoboard using the variable positive DC supply for Eq
and a regulated 5V supply for E, (The regulated 5V
supply is located in the upper right quarter of your
trainer.} Insert the relay so that it straddles the bridge
between the two groupings of connection points. You
can use the grounding post from the trainer's generator
for the LED circuil's ground. Make sure the LEDs
negative side is connected to ground.

2. Start with the DC voltage supply tumed all the way
down to its lowest voltage. Siowly turn up the voltage
until the relay pulis-in {(energizes and causes the LED to
light). If you listen closely, you may be able to hear the
relay energize. You should repeat this siep a few times to
get the averags voltage.

3. Measure and record the pull-in voltage across the
relay coil.

4. Slowly turn down the voltage untii the relay drops-out

e

LED {any colour}

hook

.|||-

F.

up

(de-energizes and causes the switch to open). Again, repeat this a few times to get the average

voltage.

5. Measure and record the drop-out voltage across the relay coil.

6. Rebuild and test the circuit using the NC contacts of K.

Pull-in voltage:

Drop-out voitage:

Questions:

1. How does using the NC contacts in step 6 differ from using the NO contacts?

2. Describe the construction and operation of a DPDT relay.

3. Describe two basic, practical appiications for relays: one using the NO contacts and one using

the NC contacts.
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LAB 1-26A: INDUCTORS

Objective: To observe the operation of an inductor in a circuit.

Materials/Equipment Required: protoboard with power supply hook up wire
neon lamp push
button switch
112 Ve step-down transformer

Procedure:

1. Construct the following circuit on your protobeard using the primary winding of the transformer
as the inductor.

|
15 Vg

-

2. Depress the switch and release it. The neon lamp should !ight when the circuit is opened.

Questions

1. Explain why the lamp lights when the switch is opened.

2. Explain what would happen if the neon lamp was replaced with a spark plug.
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LAB 1-28A: CAPACITORS

Objective: To observe the operation of a capacitor in a circuit.

Materials/Equipment Required: protoboard with power supply hook up wire

LED 220 Q
resistor

1 KQ resistor 1000 WF
capacitor
Procedure:

1. Construct the following circuit on your protoboard. Make sure to observe the correct polarity for
both the LED and the capacitsr.

2200 1KQ

Iy

i
1

10 Ve

o v

2. Turn the trainer ON for a few seconds and then turn it OFF. Observe that the LED remains lit
for a few seconds after the circuit power is turned off.

Questions
1. Explain why tha LED stays lit after the trainer is turned off.

2. How does a capacitor store electrical energy?
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Calculating Imgedance' Using Vector Addition

xL=20ﬂ

The combined opposition to alternating current caused by inductance,
capacitance and resistance is known as impedance {Z). Circuits €R=Gn -
having all three characteristics are known as LCR circuits. For this

examination of calculating impedance, we will consider only series

LCR circuits. |_ !

Xp=50n

You may remember seeing the memory aid ELI the ICE man in this unit. The ELI reminds us
that voltage (E) leads current (I} through an inductor (L). The ICE reminds us that current (I)
leads voltage (E) through a capacitor (C). Therefore, there is a 180° phase difference betwsen
the current through inductors and capacitors in an LCR circuit. The curmrent through resistors
however, is in phase with the applied voltage.

A vector diagram shows the magnitude and the direction of a quantity simultaneously. The
following vector diagram is of the three oppositions in the above LCR circuit.

Because X_ and X; are 180° out of phase, to find the ¥ =20 o T
net reactance, Xner, of the circuit is simply a matter of

subfraction;
=60 g

Xner = Xe = XL
Xner=50Q-200 Xp=50a0

xNET =30Q J

The net reactance of the circuit is capacitive in characteristic since there is a greater vaiue of X¢
in the circuit than X_. This means that the Xy=r value is drawn in the X direction.
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The redrawn vector diagram is shown using the Xyer value.

R=60.n
XHET
=30 n

4 HE triangle, you can use Pyihagorean’s Theorem to
T . calculate the third side. This will solve for the
=30 4 magnitude of the circuit impedance.

" =6t 0o Tﬂ_% When you know any two sides of a right angle

72= R2 .+ xHETz
Z= "'”iﬂ.z + x“ETz

Z=*s0.n2+ 300

2

Z = ) 4500

Z = &7.082039 n

The phase angle of the series circuit {angle 8) is the angle whaose tangent equals Xyer divided by
R. The angle is negative in this example since the circuit's characteristic is capacitive. To find

the angle, we apply the tan formuia as follows:

_ opposite side tan & = XHET

tan 8 = = Gjacent side R
=30 0
tan § = S04
an== son
tan 8= -0.5
Z§=-26.6"
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Now, looking at our example circuit again, if we give | a
value of 522 mA, since we know that current is common in a
é R=60.n Series circuit, the value of the current is the same for each of
"’D the components.

With this value, we can calculate each of the voltage drops

' I I around the circuit.

Xe=50an
Ex.=Ix Xy, Exc=IxX¢ Er=1xX.
Ext=522mAx20Q Exc=522mA x50 Q Er=522mAx60 Q
Exy, =10.44 V¢ Exc=26.1 Vac Egr =31.32 Vi

From Kirchoffs Voliage Law, we know that the sum of the voltage drops in any closed loop
equals the applied voltage. BUT, since we’re looking at an LCR circuit here, we must find their

vectored sum.

Fyxn =
144V,
To find the vector sum of the voltage drops, first sketch -
the vector diagram and find Exxer. Ep=31.32 Vac
Exner = Exc - Ex.
Exc =
EXNET =261 VAC -10.44 VAC 261 VAC
Exner = 15.66 Vac

Then redraw the vector diagram with the calculated Exyer value:

.

ER =31.32 Hﬁ‘:
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Find the vector sum by using Pythagorean's Theorem:

Eg = 31.32 Ugck& S 72 _ ER2+ IE:l‘.']'-IE'l'2
E 2
- z = “JEp? + ExNET

=15.66 Vo

Z=J31.32 Vg2 +15.66 Vpol

Z =" f1226.178

Z = 35.168
The applied voltage is 35 Vac.

Find angle B by using the tan formula:

_ opposite gide tan 8 = ExHET

tan & = < Gjacent side Ep
-15.66 ¥
tan 8= oo CAC
TS v,
tan8=-0.5
£ 8=-26.6"

As you've probably noticed, it is the same angle we calculated earlier because the ratios
are identical.

Since this circuit's overall reactance is capacitive, and in a capacitive circuit current lzads
voltage (ELI the ICE man), we know that the applied voltage of 35 Vac lags the current by
26.6°.

In a series circuit, the reference is the current since current is common in series. That
explains the negative angle. And while we're here, solving for parallel LCR circuits is
similar except, you guessed it, voltage is common and the total current is the vectored
sum of the branch currents.
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Impedance is defined as the ratio of the applied effective voltage (E) to the effective current (1) in
the circuit. As a formula:

' . . o R Deleted:
7Z=E This formula should be very familiar to you since it is v
— similar to the Ohm's Law formula with the Z substituted for
I the R in Ohmr's Law.

Once you know any two of the quantities, finding the third is as simple as using this formula. In
the example shown, it wasn't really necessary to calculate the applied voltages with vectors, it
was shown just to reinforce the concept (and because adding vectors is fun!). With the current
value, we could have solved for the applied voltage once we had calculated Z and angie 6 back
on the second page.

Z =-I§ The negative angle tells us that the applied voltage of 35 Vac
lags the current by 26.6°. Problem solved!

E=ZxI

E =67.082032 nx 522 mA

E=350168 Vac

To sum up, to solve for all quantities in a series LCR circuit, either the total impedance or the
applied voltage must be added by vector addition, depending upon which quantity you are given.
Current is commoen and is the reference point for the resulting angle. With any two quantities, you
can use the impedance formula to find the third.

For parallel LCR circuits, voltage is the common reference point, and impedance or the branch
currents must be added by vectoring. Again with any two quantities, you can solve for the third
with the impedance formula.

Series-parallel LCR circuits are solved by using redrawn equivalent circuits and the applicable
method, either series or parallel.

One last point, when the inductive reactance and the capacitive reactance in a circuif are equal
{XL = X¢). the circuit is said to be at resonance. Because they cancel each other out, the circuit
becomes purely resistive and draws the most current. The reactances become equal at one
specific frequency which is known as the circuit's resonant frequency.

At resonant frequercy, the energy stored in the circuit’s capacitors equals the energy stored in
the inductors but the maximums for each happen at alternate half cycles in the alternating
current. The resuitis that the during the half cycle when the inductors magnetic field is
collapsing, the counter emf produced charges the capacitor to its full amount. During the next
half cycle, the capacitor's discharge buflds the maximum magnetic field around the inductor. This
passing back of forth of energy is known as oscillation. While it would seem that the energy
transferred could be perpetual, there is a slight loss, or damping, during the oscillations. To
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prevent damping and sustain oscillation, the circuit requires a constant supply of AC energy from
the source.

Circuits that are designed to oscillate at a specific resonant frequency are known as oscillators.
When you tune a radio to a specific frequency, you are varying inductors and capacitors in the
antenna circuit of the radio to their resonant frequency which is the carrier frequency of the radio
station. The radio waves cause the antenna circuit to oscillate and the signal is strengthened
(maximum current is produced at resonance) before being "decoded” by the subsequent radio
circuits. That is why you can stfill hear a weak signal when a radio is tuned slightly above or
below the resonant {station) frequency — maximum curmrent is not yet reached.

Resonant frequency {£,) is calculated by a formula that is derived from X, = X because, as just
stated, at resonance the reactances are equal in magnitude. The formuta for calculating the
resonant frequency of a circuit is:

To determine the resonant frequency of a circuit, the value of
the total circuit inductance or the value of the total circuit

1
f - e capacitance, you simply manipulate the equation to isolate the
0 = 2Ta/LLC  unknown and use your calculator to do the rest. Remember
that, at resonance a circuit is purely resistive and the voltage
and current are in phase.
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APPENDIX D

Problems

1. Determine the applied voltage and the phase angle of the following circuit. Does the
voltage lead or lag the current? (Hint: There is no capacitor in the circuit so X¢ = 0 Q1)

3 marks
EXL= 40 Ve

The applied voltage of Vac
Ep=30V¥
R AC leads/lags the current by

2, Determine the applied voltage and the phase angle of the following circuit. Does the
voitage lead or lag the current?

3 marks
Exc=50Vac

The applied voltage of Vae
leads/lags the current by ¢
ER= 120 ¥p e

3, Determine the impedance, phase angle and effective current of the following circuit. The
internal resistance of the inductor is 22 Q. (Hint: The internal resistance of the coil must
be used to determine the total resistance of the circuit.)

4 marks

L= 200 mH
22

- The applied voltage of leads/lags the current by _°
0 VaC . o _
500 Hz f=100 o Z=___ __Q 1=

4. A 300 mH inductor draws 120 mA when it is connected to a 60 Vac, 250 Mz source.
Determine the reactance and the resistance of the inductor.

60 Vac _ XL
o E% o

2 marks

[l
©
-

[
o}
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5. Determine the impedance, phase angle and effective current of the following circuit:
4 marks

C=220 pF
The applied voltage of leads/lags the current by

250 Vo Y _ Z= Q 1=_
1.5 Kiz R= 470K

8. Determine the impedance, phase angle and effective current of the following circuit:

4 marks
L=28H
50 The applied voltage of Icadsflags the current by °.
z= o 1=
:ﬁnﬂ?c A R=170.n
C=50 uF

7. Determine the impedance, phase angle and source voltage of the following circult that
draws 250 mA:

4 mares
L= “I“Sll! mH
- The applied voltage of ______ ___Vacleads/lags the current by
500 Hz R.=300.0
= &
C = 500 nF

8. Determine the resonant frequency of a series antenna circuit which has a resistance of 20
Q, an inductance of 280 uH and a capacitance of 70 pF.
2 marks

9. What inductance must be placed in series with a 20 pF capacitor to produce a circuit with
a resonant frequency of 3.0 KHz?
3 marks

10. What capacitance must be placed in series with a 500 uH inductor to produce a circuit
with a resonant frequency of 1.5 MHz?
3 marks
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Answers to Problems

1. Determine the applied voltage and the phase angle of the following circuit. Does the
voltage lead or lag the current? (Hint: There is no capacitor in the circuit se X =0 Q.)

3 marks
Eyy =40 Vac
n_| The applied voltage of 50 Ve
é Ep=30¥pe leads/tags the current by 53.1__°,

|

2. Determine the applied voltage and the phase angle of the following circuit. Does the
voltage lead or lag the current?
3 marks

Exc=50Vac
The applied vollage of 130 V¢

leads/lags the current by _ 22.6_°.
ER =120 ¥y

3. Determine the impedance, phase angle and effective current of the following circuit. The
internal resistance of the inductoris 22 0. (Hint; The intemnal resistance of the coil must be
used to determine the total resistance of the circuit.)

4 marks
L= 200 mH
22wy
vy '_1 The applied voltage of leads/tass the current by _79_°
Ve n - =
500 Hz R=100 i Z=_ 640_Q [= 46.9 mA_
4. A 300 mH inductor draws 120 mA when it is connected fo a 60 Vac, 250 Hz source.
Determine the reactance and the resistance of the inductor,
2 marks
60 Vac - Xp=_471_0 R=_168__Q
250 He L =300 mH
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5. Determine the impedance, phase angle and effective current of the following circuit:
4 marks

C= 220 pF
I—J The applied voltage leads/lags the current by _45.7_°

i
i

250 Yac
1.5 KHz

Redrokn | Z=_613_0 1=_371pA _

6. Determine the impedance, phase angle and effective current of the following circuit:

4 marks
L=20H
50 .. The applied voltage of leads/lags the current by _68.7_°.
I Z=_606_ O I=_363 mA__
::BH:;;C i R=170 n
C=50 uF

7. Determine the impedance, phase angle and source voltage of the following circuit that
draws 250 mA:

4 marks
L= 'Isf'ﬂ mH
- . The applied voliage of 99V, teadsilags the current by _24,6__°,
!
500 Hz ? R=300 0 L=_396 0O
i
C = 500 nF

8. Determine the resonant frequency of a series antenna circuit which has a resistance of 20
0, an inductance of 280 pH and a capacitance of 70 pF. 2 marks
1.14 MHz

9. What inductance must be placed in series with a 20 uF capaciior to produce a circuit with
a resonant frequancy of 3.0 KHz? 3 marks
141 pH

10. What capacitance must be placed in series with a 500 pH inducter to produce a circuit
with a resonant frequency of 1.5 MHz? 3 marks
225 pF
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