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Course Philosophy

The philosophy of the Electrical Technology Department is to develop in the individual an awareness of all his/her potentials, with special emphasis on the Electrical trade.  

To develop and foster the knowledge that an individual can remain a select person, but still cooperate and associate closely with other tradesmen, groups and individuals in the course of work and recreation.

To instill a knowledge of all factors including costs of tools, and materials, time and labor, and to place the proper value and perspective on each, in regard to the whole.

To provide learning situations as close to the practical as possible with the appropriate facilities and staff.

The Electrical course offerings have been developed to present a continuous challenge to the student. All students will find, regardless of their rate of progress, that a new and exciting field is opening for them with each successful completion of a given assignment.

It follows, therefore, that not all students will complete all facets, nor will they all participate in all offerings

Course Description

The Electrical Technology program is based on the National Electrical Code.  Student instruction begins with basic competencies such as shop safety, hand tools identification/usage, Right To Know Laws, and OSHA requirements.

This course involves training in electrical theory, practice and code.  Students are taught the installation and repair of electrical systems for Residential, Commercial, and Industrial applications.  They train in the use of basic motor controls leading up to programmable logic controllers.  Upper class Students actually wire a house.  This course leads to a license in this rewarding field.

Some of the employment opportunities include:

· Apprentice Electrician

· Alarm Installation Technician

· Maintenance Electrician

· Appliance Repair Technician

· Data and Communication Technician

For students that wish to continue their education, we have an Articulation agreement with New England School of Technology.

The students are also eligible to work in a cooperative work setting, if their grades are in good standing with the school.

Course Syllabus
Electrical Technology is comprised of those students expressing a desire to pursue a challenging career as an Electrical Technician.  Our goal is to provide each student with the knowledge that with his/her abilities he/she is able to achieve success.  The Electrical Department provides a quality education for each student no matter what his/her learning style.  We believe that our graduates posse the entry-level skills needed to obtain a rewarding electrical career, with the opportunity to become a licensed journeymen and master electrician.  This course provides the student with an opportunity to gain technical knowledge, manipulative skills, work attitude, and ethics necessary for a career in the wide area of the Electrical field.

All students will be exposed to learning situations by lecture, videos, overheads, the use of textbooks, service manuals, classroom labs, periodicals, and computer workstations, with a strong emphasis toward hands- on experience.

All students will be tracked on their ability and knowledge of electrical installations and equipment in accordance with the National Electrical Codes.

In the shop setting, the student will receive a daily performance grade. Based on their workmanship and work ethic.  In the classroom setting, the grading will be governed by a daily performance grade of preparedness for class, and participation governed by a scoring rubric for grading.  Also weekly exams and homework will factor into the student’s grade.

The students will start out learning the basic fundamentals and terminology of the electrical trade.  As the student progresses they will be instructed in how to install, diagnose, and repair the various electrical systems.

Freshman Exploratory
The students, going through the ninth grade exploratory program, will be exposed to both the shop and classroom environments.  It is the desire of the Electrical Department, to expose the student to the environment and working conditions the Electrical Technician of today, will be working in.  We want the student to get a feel of the Electrical field, understanding career choices the trade provides and what they could expect to see in the future of the industry.

On the first day of exploratory the students are welcomed into the shop and classroom settings.  They will be instructed as to the proper fire drill routes and procedures.  The students will be then instructed on the shop policies, grading policies, project sheets, eye protection importance and requirements.  This will be followed by a study of shop safety during their related class time.  Students will receive a lesson in the location of key safety equipment in the shop.  This will be followed by a demonstration of the three types of splices each student will make and use.

On day two, students will be instructed on the low and high voltage projects they will be working on throughout the week.  Then they will receive instruction on the proper use of the hand tools in shop.  In the related classroom they will be studying from the textbook, as well as receiving a lecture on the basics of the electrical field, including the requirements pertaining to licensing.

On day three, students will continue working on the basic electrical projects at their own pace.  The instructor will inspect the student projects and each student will be explained any problems and the consequences if not repaired.  In the classroom they will work in the textbook on the basic theory of electricity and the math formulas pertaining to the Electrical Industry.

On day four, students will be instructed on the many methods of wiring and how they are used in the Electrical Industry.  They will continue to work hands on in the shop.  In the classroom the students will receive a review of the test they have taken and the use of the math formulas and complete the review questions at the end of unit two in the textbooks.

On day five, in the related classroom the students will take a final test on all the material covered during the exploratory cycle.  Time will be aloud in the shop for students to complete their work projects and ask any final question about the Electrical Industry.
FRESHMAN EXPLORATORY COURSE OF STUDY
Electrical Technology Exploratory
Strand 1: Safety and Health Knowledge and Skills
1.B
Demonstrate health and safety practices.

1.B.03a
Identify, describe and demonstrate personal, shop and job site safety practices and procedures.

1.B.04a
Demonstrate safe dress and use of relevant safety gear and personal protective equipment (PPE), including wrist rests, adjustable workspaces and equipment, gloves, boots, earplugs, eye protection, and breathing apparatus.

1.B.06a
Locate emergency equipment in your lab, shop, and classroom, including (where appropriate) eyewash stations, shower facilities, sinks, fire extinguishers, fire blankets, telephone, master power switches, and emergency exits.

1.B.08a
Describe safety practices and procedures to be followed when working with and around electricity.

1.B.10a
Demonstrate proper workspace cleaning procedures.

1.B.11c
Identify and describe ladder and scaffold safety practices and procedures.

1.B.14c
Identify and describe standard precautions for blood borne pathogens and the procedures for responding to and reporting exposure.

1.B.18
Observe personnel hygiene and sanitation on the jobsite.

Strand 2: Technical Knowledge and Skills
2.C
Illustrate basic concepts of electrical theory.

2.C.01
Explain what atoms are and how they are constructed.

2.C.02
Define voltage and identify the ways in which it can be produced.

2.C.03
Explain the difference between conductors and insulators.

2.C.04
Define the units of measurement that are used to measure the properties of electricity.

2.C.05
Explain how voltage, current, and resistance are related to each other.

2.C.06
Using the formula for Ohm's law, calculate an unknown value.

2.C.08
Using the power formula, calculate the amount of power used by a circuit.

2.F
Explain the MEC and Massachusetts CMRs.

2.F.01
Explain the purpose and history of the National Electrical Code (NEC) and the Massachusetts Electrical Code (MEC) amendments.

2.K
Splice and terminate conductors.

2.K.01
Describe how to make a good conductor termination.

2.K.02
Prepare cable ends for terminations and splices.

2.K.08
Explain the application of the MEC ampacity tables.
ELECTRICAL DEPARTMENT
FIRST YEAR OBJECTIVES

At the completion of the first year, the student will have been introduced to basic wiring methods and techniques, also the proper use of the basic tools and safe work habits.

SAFETY - FIRST YEAR - SHOP

I.
INTRODUCTION TO SHOP


A.
Danger to Life



1.
Shocks



2.
Falls



3.
Flying objects


B.
Danger of Fire



1.
Electrical sparks



2.
Cleaning material



3.
Fire extinguishers




a.
Types




b.
Uses




c.
Locations



4.
Waste Material 




a.
Rags 




b.
Wood chips 




c.
Dust 




d. 
Insulation 





(1) 
Building 





(2) 
Wire


C.
Safety Glasses



1.
Worn at all times



2.
Keep clean



3.
Keep free of scratches


D.
Ladders



1.
Condition




a. 
Sides, rungs, top



2.
Secure Footing



3.
Proper Balance



4.
Erecting and Taking Down


E.
Hard Hats



1.
Where and when to wear



2.
Limit of protection to wearer


F.
Equipment



1.
Use




a. 
Connections




b. 
Power on




c. 
Tags


G.
Signals



1.
Fire alarm



2.
Other communications


H.
Methods and Places of Egress
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SHOP - FIRST YEAR

I. 
Introduction to shop


A. 
Shop Procedures and Assignments



1. 
Tool crib



2. 
Clean-up



3. 
Corridor passes, leaving shop.



4. 
Discipline



5. 
Safety and fire drills


B. 
Tool Crib



1. 
Responsibilities




a. 
Maintenance of tools and equipment




b. 
Stocking tools and materials




c. 
Safety involved in tool crib, tools, and materials


C. 
Use and Care of Tools



1. 
Hand



2. 
Power




a. 
Safety devices




b. 
Grounding

II.
Basic Learner Program, Mechanical


A. 
Wood



1. 
Hand Saws




a. 
Crosscut




b. 
Rip




c. 
Keyhole



2. 
Safety



3. 
Power Saws




a. 
Circular




b. 
Jigsaw




c. 
Sawzalls




d. 
Portable Band Saw



4. 
Chisel




a. 
Wood




b. 
Masonry




c. 
Cold chisel



5. 
Nails




a. 
Common




b. 
Finish




c. 
Roofing




d. 
Masonry




e. 
Drywall




f. 
Use



6. 
Staples




a. 
Use




b. 
Insulated




c. 
Uninsulated




d. 
Low voltage staples

ELECTRICAL DEPARTMENT

III.
Wires, Splices, Connections


A. 
Western Union


B. 
T Tap


C. 
Pigtail


D. 
Taping



1.
Rubber



2.
Friction


E.
Stripping



1.
Proper Knife



2.
Angle of Cut (Method)



3.
Danger




a. 
To workman




b. 
To work




c. 
To adjacent material


F. 
Special Tools



1.
Sta-kon Pliers



2.
Strippers

3. Hy-press



4.
Roto Split

IV.
Wiring Methods, Experiences


A. 
Low Voltage, Board Work



1.
One button to ring one bell



2.
One button to ring two bells



3.
Two buttons to ring one bell



4.
Two buttons to ring two bells



5.
Three-story house with front and rear buttons, door opener, each floor



6.
Annunciator and chimes



7.
Testing, trouble shooting




a. 
Bell and battery




b. 
Flashlight tester




c. 
Meters



8.
Assembly




a.
Framing 




b.
Braces




c.
Boarding




d.
Finish



9.
Drilling




a. 
Pistol, Drill Press




b. 
Extensions




c. 
Bits
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B. 
Metal



1.
Drilling




a. 
Types of drills





1. 
Electric





2. 
Hand





3. 
Bits

4. Sharpening 


C. 
Materials



1.
Use of



2.
Construction of



3.
Strength




a. 
Wood




b. 
Metals




c. 
Concrete




d. 
Plaster



4. 
Standard Measurements 


D. 
Fasteners



1.
Toggle bolts




a. 
Size




b. 
Types




c. 
Size of tool




d. 
Location of use



2.
Inserts




a. 
Metallic




b. 
Non-metallic



3.
Bolts




a. 
Types of heads




b. 
Threads




c. 
Use in various materials




d. 
Lengths



4.
Screws




a. 
Types of heads




b. 
Types of threads




c. 
Use in various materials




d. 
Lengths



5.
Nuts




a. 
Threads




b. 
Shapes




c. 
Wrenches and uses


E. 
Switches



1.
Surface




a. 
Push





1.
Low voltage





2.
High voltage 




b. 
Construction 




c. 
Wiring, connecting, installing 




d. 
Use in circuit
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2.
Flush




a. 
Construction internal




b. 
Wiring, connecting, color code terminals




c. 
Installation in system


F. 
Cable



1.
Non-metallic



2.
Metallic



3.
Mineral insulated (introduction only)




a. 
Cutting




b. 
Installing




c. 
Stapling




d. 
Lengths, at boxes, slack



4.
Fittings




a. 
Connectors




b. 
Anti-shorts




c. 
Staples




d. 
Clamps



5.
Boxes




a. 
New work




b. 
Old work




c. 
Methods of support




d. 
Dimensions





1.
Boxes





2.
Installations




e. 
Types




f. 
Covers





1.
Flush





2.
Plaster





3.
Surface





4.
Tile



6.
Installation




a. 
Removal from coil




b. 
Cutting





1.
Non-metallic





2.
Metallic




c. 
Through holes




d. 
Surface




e. 
Restrictions





1.
Material





2.
Conditions of use




f. 
Fishing
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RELATED - FIRST YEAR

I.
Science


A.
Electron Theory




1.
Electrons, protons, neutrons, positive and negative charges



2.
Measuring electron motion, volts, amps, resistance



3.
Static, laws of attraction and repulsion


B.
Parallel and Series Circuits



1.
Ohm's Law, electrical prefixes



2.
Resistance's of wire, mil, circular mil, square



3.
Power, energy, work, watts, efficiency



4.
Voltage drop


C.
Magnetism



1.
Lines of force, polarity, saturation, left hand rule



2.
Poles


D.
Conduction



1.
Liquids, solids, gases


E.
Sources of Electricity



1.
Batteries



2.
Thermocouples



3.
Photo and solar cells


F.
Signal Systems



1.
Bell circuits



2.
Annunciators

II.
Math


A.
Practical Arithmetic



1.
Ruler measurement



2.
Addition, subtraction, multiplication and division



3.
Signs of operation



4.
Fractions



5.
Decimals



6.
Problem solving


B.
Ohm's Law



1.
Theory of electricity



2.
Current, voltage, resistance



3.
Formulas


C.
Basic Series Circuits



1.
Ohm's Law


D.
Basic Parallel Circuits



1.
Formula


E.
Wire Size



1.
Mil, circular mil



2.
Resistance, constants



3.
Formula



4.
Problems and calculation


F.
Line Drop and Loss



1.
Resistance



2.
Drop



3.
National Electrical Code carrying capacity
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III.
National Electrical Code


A.
Introduction



1.
Purpose of code



2.
Scope of code



3.
Enforcement of code


B.
General Rules



1.
Mandatory and advisory definitions



2.
Conductor gauge



3.
Mechanical execution of work



4.
Insulation resistance


C.
Wiring Methods and Materials



1.
General requirements



2.
Conductors



3.
Non-metallic sheathed cable



4.
Armored cable



5.
Electrical metallic tubing



6.
Rigid conduit



7.
Flexible metal conduit



8.
Surface raceway



9.
Boxes and fittings



10.
Switches and receptacles


D.
Blueprint Reading



1.
Purpose of blueprints



2.
Working drawings



3.
Symbols and notations



4. 
Specifications


E.
Drawing



1.
Free hand sketching



2.
Wiring diagrams



3.
Layout

IV.
Safety


A.
Rules



1.
Rules of safety in conduct of work



2.
Proper use of tools and equipment



3.
Problems of unsafe conditions



4.
No horseplay


B.
Accident Prevention



1.
Recognize hazards



2.
Assemble information



3.
Select and evaluate facts



4.
Determine a remedy



5.
Put remedy into effect


C.
Job Hazards



1.
Protection of head, eyes, face



2.
Protection of body, feet



3.
Hearing

FRESHMAN COURSE OF STUDY 

Strand 1: Safety and Health Knowledge and Skills
1.A
Define health and safety regulations.

1.A.01a
Identify and apply OSHA and other health and safety regulations that apply to specific tasks and jobs in the occupational area.

1.A.02a
Identify and apply EPA and other environmental protection regulations that apply to specific tasks and jobs in the occupational area.

1.A.03a
Identify and apply Right-To-Know (Hazard Communication Policy) and other communicative regulations that apply to specific tasks and jobs in the occupational area.

1.A.04a
Explain procedures for documenting and reporting hazards to appropriate authorities.

1.A.05a
List penalties for non-compliance with appropriate health and safety regulations.

1.A.06a
Identify contact information for appropriate health and safety agencies and resources.

1.A.07c
Describe the history, function and importance of the Occupational Safety and Health Administration (OSHA).

1.B
Demonstrate health and safety practices.

1.B.01a
Identify, describe and demonstrate the effective use of Material Safety Data Sheets (MSDS).

1.B.06a
Locate emergency equipment in your lab, shop, and classroom, including (where appropriate) eyewash stations, shower facilities, sinks, fire extinguishers, fire blankets, telephone, master power switches, and emergency exits.

1.B.07a
Demonstrate the safe use, storage, and maintenance of every piece of equipment in the lab, shop, and classroom.

1.B.08a
Describe safety practices and procedures to be followed when working with and around electricity.

1.B.11c
Identify and describe ladder and scaffold safety practices and procedures.

Strand 2: Technical Knowledge and Skills
2.A
Read and interpret prints.

2.A.01c
Explain the basic layout of a set of prints as well as the importance of the accompanying job specifications document.

2.A.02c
Recognize and identify basic print terms, abbreviations, line types, symbols and notes.

2.A.03c
Interpret and follow drawing dimensions.

2.A.04c
Determine true measurements from a print using an Architect’s scale.

2.A.05c
Read and interpret plan, elevation, section and detail views and schedules.

2.A.07c
Discuss how state and/or local code requirements apply to prints.

2.A.08 
Layout and convert schematic diagrams to wiring diagrams.

2.A.09
Layout and convert wiring diagrams to schematic diagrams.

2.A.10 
Utilize software for Control Circuit drawing.

2.C
Illustrate basic concepts of electrical theory.

2.C.05
Explain how voltage, current, and resistance are related to each other.

2.I
Explain factors relating to conductors.

2.I.01
Explain the various sizes and gauges of wire in accordance with American Wire Gauge (AWG) standards.

2.I.02
Identify insulation types according to conditions and applications.

2.I.03
Describe voltage ratings of conductors and cables.

2.I.04
Read and identify markings conductors and cables.

2.I.05
Determine the ampacity of a conductor using the tables in the MEC.

2.I.06
Select electrical conductors for specific applications.

2.I.07
Demonstrate how to size conductors for a load.

2.I.08
Explain the application of the MEC ampacity tables.

2.I.09
Demonstrate derating conductors for fill, temperature, and voltage drop.

2.I.10
State the purpose of stranded wire.

2.I.11
Describe the different materials from which conductors are made.

2.I.12
Describe the color coding of insulation.

2.M
Apply concepts used in residential wiring.

2.M.02
Demonstrate and explain the grounding requirements of a residential electric service.

2.M.04
Demonstrate and state the functions and ratings of single-pole, double-pole, three-way, four-way, and dimmer switches.

2.M.05
Explain how wiring devices are selected and installed.

2.M.07
Explain the role of the MEC in residential wiring.

2.M.09
Explain the purpose of ground-fault circuit interrupters (GFCI) and arc-fault circuit interrupters (AFCI) and tell where they must be installed.

2.M.12
Describe the installation and layout of lighting outlets.

2.M.13
Demonstrate the ability to make all installations according to manufacturers' specifications.

2.N
Demonstrate methods of overcurrent protection.

2.N.01
Explain the importance and necessity of overcurrent protection in electrical circuits.

2.N.04
Demonstrate sizing of overcurrent protection for specific applications.

2.N.05
Define the terms associated with fuses and circuit breakers.

2.N.06
Describe the operation of a circuit breaker and fuse.

2.N.07
Select the most suitable overcurrent device for the application.

2.N.09
Describe the operation of single-element and time-delay fuses.

2.S
Install and maintain lighting and luminaires.

2.S.01
Identify and define industry terminology for lighting.

2.S.02
Recognize ballasts and describe their purpose for use in fluorescent and HID lighting fixture (luminaires).

2.S.03
Recognize basic occupancy sensors, photoelectric sensors, and dimmers used to control lighting circuits and describe how each device operates.

2.S.10
Classify lighting fixtures by layout, location, fixture type, and type of service.

2.U
Describe and install low voltage and alarm systems.

2.U.04
Explain the operating principles of fire and security alarm systems.

Strand 3: Embedded Academic Knowledge and Skills 
3.A
English Language Arts

3.A.04c
Integrate relevant information gathered from group discussions and interviews for reports.
3.A.05c
Deliver formal presentations for particular audiences using clear enunciation and appropriate organization, gestures, tone, and vocabulary.  

3.A.06c
Use general dictionaries, specialized dictionaries, thesauruses, histories of language, books of quotations, and other related references as needed.
3.C 
Science and Engineering/Technology

3.C.08c
Identify and explain the purposes of common tools and measurement devices used in construction, e.g., spirit level, transit, framing square, plumb bob, spring scale, tape measure, strain gauge, venturi meter, pitot tube.
3.C.15c
Explain the relationship between resistance, voltage, and current (Ohm's Law).
3.C.16c
Identify appropriate units of measurement for current, voltage, and resistance, and explain how they are measured.
3.C.17c
Analyze circuits (find the current at any point and the potential difference between any two points in the circuit) using Kirchoff and Ohm's laws.
Strand 4: Employability Knowledge and Skills 
4.D
Demonstrate positive work behaviors.

4.D.02a
Explain the importance of following workplace etiquette/protocol.
4.D.09a
Explain the importance of taking pride in work accomplished and extrinsic and intrinsic motivators that can be used to increase pride.

4.D.10a
Value the importance of professionalism, including reliability, honesty, responsibility, and ethics.

4.D.11a
Demonstrate a respect for diversity and its benefit to the workplace.
Strand 5: Management and Entrepreneurship Knowledge and Skills
5.A
Analyze basic business practices required to start and run a company/organization.

5.A.03a
Compare and contrast types of businesses, including sole proprietorships, small businesses, companies, corporations, governmental agencies, and non-profit organizations.

5.A.04a
Describe practices that ensure quality customer service.
FRESHMAN MATH OBJECTIVES
1.
Reading a ruler
2.
Adding fractions
3.
Subtracting fractions

4.
Multiply and divide fractions

3.B
Mathematics

3.B.01c
Use a ruler, protractor, and compass to draw polygons and circles.

3.B.02c
Given the formulas, convert from one system of measurement to another. Use technology as appropriate.
ELECTRICAL DEPARTMENT

SECOND YEAR OBJECTIVES

At the completion of the second year, the student will now be more proficient at advanced wiring methods, techniques, use of power equipment, and be able to make sound judgments an to the choice of wiring methods.

SAFETY - SECOND YEAR - SHOP

I.
Relation to Other Trades


A.
Welding



1.
Sparks



2.
Flashes



3.
Wiring



4.
Grounding


B.
Carpentry



1.
Concrete forms



2.
Rods



3.
Pouring of concrete



4.
Installing conduits



5.
Building stops



6.
Temporary wiring


C.
Ladders



1.
Own




a. 
Good condition




b. 
Secure footing




c. 
Splinters




d. 
Cracks



2.
Borrowed


D.
Staging



1.
Wheel locks



2.
Properly assembled



3.
Guard rails



4.
Movement



5.
Tools and equipment secured 

II 
Wiring


A.
Temporary



1.
Proper size



2.
Ground wire



3.
Overcurrent protection



4.
Ground fault protection



5.
Disconnecting means



6.
Supporting


B.
Transformers



1.
Connections

2. Phasing


C.
Switches and starters



1.
Connections



2.
Phasing



3.
Sequence of Wires

ELECTRICAL DEPARTMENT

III. 
OSHA Requirements

VI.
Appliance Repair


A. 
Weight of object



1.
Strains



2.
Get help


B.
Broken parts


C.
Rusted or worn parts


D.
Foreign matter

VII.
OSHA. Revisions

SHOP - SECOND YEAR

I.
Work Experience, Outside Program


A. 
Individual qualifications



1.
Previous satisfactory shop experience



2.
Good conduct record



3.
High job attitude



4.
Required tools and safety devices



5.
Proper clothing

II.
Low Voltage


A. 
Signal systems



1.
Intercom



2.
Burglar alarm



3.
Fire alarm



4.
Telephones


B.
Light Control



1.
Remote low voltage



2.
Carrier


C.
Conduit, tubing



1.
Bending




a.
Hand





1.
Type of benders





2.
Specific measurements




b.
Power





1.
Hydraulic






a.
Hand pump






b.
Power pump





2.
Machine






a.
Single bend






b.
Multiple bends





3.
Measurements




c.
Number of bends in run





1.
Restrictions




d.
Fishing and pulling wires





1.
Hand fishing

2. Power fish 






a. 
Vacuum






b.
Blower






c. 
Cartridge type

ELECTRICAL DEPARTMENT



2.
Fittings




a. 
Standard




b. 
Special




c. 
Threadless




d. 
Threaded




e. 
Set screw




f. 
Indented




g. 
Pressure




h. 
Tap-on



3.
Boxes




a. 
Standard





1.
New work





2.
Old work





3.
Surface





4.
Concealed





5.
Supporting




b. Special





1.
Cast





2.
Weather-proof





3.
Gaskets





4.
Threaded





5.
Covers



4.
Installing




a. 
Supporting




b. 
Reaming




c. 
Threading




d. 
Cutting




e. 
Special application to specific type



5.
Wiring




a. Fishing




b. Feeding wires




c. Number of wires in size




d. Types of wires




e. Locations, conditions


D. 
Flexible Metal Conduit



1.
Cutting




a. 
Angle to use




b. 
Reaming




c. 
Bushings




d. 
Safety and precautions





1.
To workman





2.
To wires in cable



2.
Fittings




a. 
Standard




b. 
Special




c. 
Angle



3.
Bends




a.
 Maximum in run




b. 
Radius of bend
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4.
Supporting




a. 
Exposed





1.
Distance




b. Exceptions





1.
Flexibility



5.
Wiring




a. 
Number of wires, combinations




b. 
Size of wire permitted in raceway


E. 
Surface metal raceway



1.
Cutting




a. 
Size of blade, teeth




b. 
Reaming




c. 
Installation of bushing




d. 
Square cut




e. 
Measurements needed for cutting, bending



2.
Fittings




a. 
Special to each styles or size of raceway




b. 
Trade names




c. 
Uses




d. 
Adapting to other raceways



3.
Installing




a. 
Conditions of use




b. 
Methods used to support




c. 
Joining, grounding




d. 
Bends





1.
Special tool for each type





2.
Restrictive bending, each type



4.
Wiring




a. 
Method of installing wires with each type




b. 
Number of wires allowed




c. 
Connections of wires




d. 
Pre-wired types

III.
Services


A. 
Systems



1.
Single phase



2.
Multi-phase



3.
Multi-occupancy


B. 
Equipment



1.
Meter troughs




a. 
Inside




b. 
Outside




c. 
Gangs



2.
Cable




a. 
Types




b. 
Use




c. 
Installation




d. 
Restrictions



3.
Conduit




a. 
Rigid (pipe)




b.
E.M.T.
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4.
Fittings




a. 
As required (refer to first year)

IV.
Switches


A. 
Exposed



1.
Distances



2.
Grounds



3.
Voltage



4.
Proximity of other objects



5.
Operating handles


B.
Enclosed



1.
Operating



2.
Maintenance



3.
Opening under load (cover)


C.
Tagging



1.
Prevent unauthorized operation



2.
Assure proper person removing tag


D.
Replacing



1.
Check for voltage



2.
Check connections



3.
Check equipment after connecting

V.
Construction


A. 
New work



1.
Conduit stubs




a. 
Out of slab




b. 
Out of walls




c. 
Out of ceilings



2.
Couplings




a.
Loose




b.
Easily broken



3. General construction debris




a.
Boards with nails




b.
Holes




c.
Loose planks




d.
Ropes and wires




e.
Other tradesmen


B. 
Old work



1.
Removal of building materials




a.
Plaster




b.
Sheathing




c.
Bricks, walls



2.
Nails in boards



3.
Floors with holes, loose boards



4.
Attics with no flooring

VI.
Equipment


A. 
Motors



1.
Phasing



2.
Rotation



3.
Accidental starting
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B. 
Meters



1.
Sockets



2.
Bottom connected



3.
Current transformers



4.
Potential transformers



5.
Fusing



6.
Locating




a. 
Inside




b. 
Outside




c. 
Utility Company rules


C.
Grounding



1.
Made electrodes



2.
Water pipes




a.
 Location




b.
 Jumpers


D.
Fusible equipment



1.
Mounting



2.
Wiring



3.
Phasing (identification)



4.
Type of fuses required



5.
Size of fuse



6.
Number permitted in cabinet


E.
Circuit breakers



1.
Mounting



2.
Wiring



3.
Number permitted



4.
Response to current



5.
Heat generated under load


F.
Feeders



1.
Sizing



2.
Multiple installations



3.
Installation




a. 
Measuring




b. 
Cutting




c. 
Pulling (also equipment involved)




d. 
Attaching




e. 
Safety




f. 
Methods and equipment used



4.
Connecting




a. 
Panelboards




b. 
Meters




c. 
Racking

VII.
Appliance Installation


A. 
Water heaters



1.
Metering (required locations and types)



2.
Connections



3.
Testing (with and without water in tank)
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B.
Ranges



1.
Floor



2.
Counter



3.
Built-in



4.
Size



5.
Demand factor


C.
Dryers



1.
Circuits



2.
Proper fusing



3.
Venting


D.
Special purpose



1.
Commercial




a.
Deep fat fryers




b.
Ovens




c.
Dishwashers




d.
Garbage Disposers



2.
Residential




a.
Air conditioners




b.
Heat lamps

VIII.
Maintenance


A.
Buildings



1.
Lights



2.
Fixtures



3.
Ballasts



4.
Starters (fluorescent)



5.
Starters (motor)



6.
Switches


B.
Equipment



1.
Motors




a.
Clean




b.
Oil



2.
Starters




a. 
Clean




b. 
Repair




c. 
Replace heaters



3.
Installation




a.
New equipment




b.
Layout

IX.
Heating


A.
Electric



1.
Units




a.
Wall




b.
Ceiling (hung ceiling, suspended)




c.
Radiant




d.
Blower type


B.
Fuel type



1.
Oil



2.
Gas
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C. 
Thermostats



1. 
High voltage




a. 
Wall




b. 
Unit installed




c. 
Types and actions



2.
Safety devices




a. 
High heat




b. 
Freeze protection (fan units, water type)



3.
Low voltage




a. 
Cable




b. 
Transformers




c. 
Relays




d. 
Multi-zones




e. 
Clock controls




f. 
Mounting plates and adapters


D. 
Oil burners



1.
Type of oil 




a.
Light




b.
Heavy



2.
Type of burner




a. 
Rotary




b. 
Gun



3.
Controls




a. 
Specific for type of system




b. 
Mounting




c. 
Wiring, modifying



4.
Commercial



5.
Domestic


E. 
Gas burners

1. Controls, specific to gas burners 


F. 
Types of systems



1.
Steam




a. Controls




b. Locations



2.
Hot water




a. 
Controls




b. 
Locations




c. 
Pumps




d. 
Valves



3.
Hot air




a. 
Controls




b. 
Locations




c. 
Use of air conditioning




d. 
Special thermostats, controls


G. 
Non-electric controls



1.
Pneumatic




a. 
Thermostats




b. 
Intercontrols




c. 
Piping



2.
Fluid
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H.
Electronic controls



1.
Fire sending



2.
Timing



3.
Smoke or vapor


I.
Code and safety rules



1.
National Electrical Code



2.
State and Local



3.
Operating and test procedures

X.
Power Bending


A. 
Types of equipment


B. 
Conduit


C.
E.M.T.


D.
Measurements

XI.
Power Cutting


A. 
Hack saw


B. 
Band saw

XII.
Power Threading


A. 
Bench Machine


B. 
Portable machine


C. 
Die heads

XIII.
Fixtures


A. 
Flush



1.
Supporting



2.
Wiring



3.
Lamping


B.
Surface



1.
Supports



2.
Wiring



3.
Lamping


C.
Maintenance



1.
Cleaning



2.
Repairs




a. 
Sockets




b. 
Ballasts

XIV.
Wiring Methods


A. 
Residential



1.
New work




a. 
Installation of boxes




b. 
Installation of cables




c. 
Layout of rooms




d. 
Code rules




e. 
Blueprint reading




f. 
Cost estimates



2.
Old work




a. 
Fishing




b. 
Cutting and patching




c. 
Layout of job
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d.
Supporting boxes and cables




e.
Circuits, code requirements




f.
Study and understand existing system


B. 
Commercial



1.
New work




a. 
Layout




b. 
Types of wiring needed



2.
Old work




a. 
Additions to existing lines




b. 
Installation of conduits to fit conditions




c. 
Exposed types of wiring


C. 
Exposed Work



1.
Raceways




a. 
Neatness




b. 
Supporting




c. 
Fishing




d. 
Bends




e. 
Flat surfaces




f. 
Beam construction




g. 
Ceilings




h. 
Walls



2.
Fittings

XV.
Controls, Motors


A. 
Relays, starters



1.
System voltage



2.
Switches



3.
Push buttons


B. 
Manual


C. 
Automatic


D. 
Time clocks

XVI.
Motors


A. 
Installing


B. 
Wiring


C. 
Trouble shooting


D. 
Belts, pulleys

XVII.
Transformers


A. 
Installing


B. 
Connecting


C. 
Sizing

XVIII.
Appliance Repair


A. 
Use of test equipment



1.
Voltmeter




a. 
Live testing




b. 
Grounding



2.
Ammeter




a. 
Currant draw
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3.
Ohmmeter




a. 
Dead (non-energized) circuits




b. 
Continuity test




c. 
Resistance value





1.
Open





2.
Shorted





3.
Partial



4.
Flashlight, lamp, bell and battery




a. 
Non-energized circuits




b. 
Continuity test



5.
Frequency Injection Probe




a. 
Cable breaks




b. 
D.C. components



6.
Solid state components 


B. 
Heating Units



1.
Elements




a. 
Check for continuity




b. 
Remove dirt and dust




c. 
Replacement



2.
Safety controls 




a.
High limit




b.
Freeze-up



3.
Operation controls




a. 
Remote thermostats




b. 
Built-in thermostats




c. 
Relays




d. 
Wiring



4.
Motors




a. 
Clean and oil




b. 
Bearings




c. 
Fan blades




d. 
Overload units





1.
Remote




2.
Built-in 


C. 
Water Heaters



1.
Proper wiring, circuits



2.
Replace elements




a. 
Immersion




b. 
Wrap-around



3.
Check controls, thermostats 


D. 
Cooking Equipment



1.
Top burner units




a. 
Broken wires




b. 
Sections burned out




c. 
Replacement parts



2.
Switches




a. 
Open




b. 
Shorted




c. 
Infinite control type



3.
Thermostats




a. 
Bimetal




b. 
Capillary tube




c. 
Test, replace
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4.
Oven units




a. 
Open




b. 
Grounded



5.
Auxiliary equipment




a. 
Clocks




b. 
Fuse and holder




c. 
Receptacle outlets




d. 
Lamps and sockets




e. 
Doors, glass


E. 
Washers



1.
Controls




a. 
Rotary, push button




b. 
Limit




c. 
Timer




d .
 Circuits



2.
Motors



3.
Pumps



4.
Hoses



5.
Mechanical linkage


F. 
Dryers



1.
Controls



2.
Motors




a. 
Wiring




b. 
Bearings




c. 
Auxiliary switch for heating unit



3.
Heating units



4.
Drum, belts, bearings 


G. 
Small appliances



1.
Toasters




a. 
Cord




b. 
Electrical units




c. 
Mechanical parts



2.
Mixers -




a.
Motor




b. 
Cords




c. 
Controls



3.
Can openers




a. 
Cords




b. 
Motors




c. 
Linkage




d. 
Adjustment




e. 
Cutter blades


H. 
Dishwashers


I. 
Garbage Disposers


J. 
Air conditioners

XIX.
Motor Repair


A. 
Fractional H.P.



1.
Disassembly 




a. 
Marking 




b. 
Storing 




c. 
Diagrams
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2.
Winding




a. 
Connecting



3.
Bearings




a. 
Sleeve




b. 
Ball




c. 
Roller



4.
Centrifugal switch



5.
Cleaning, oil, grease



6.
Capacitor check



7.
Brushes, springs, holders


B. 
Large motors



1.
Multi-phase



2.
High voltage



3.
Bearings



4.
Brushes



5.
Clean, oil, grease



6.
Mounting and wiring



7.
Winding
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RELATED - SECOND YEAR

I.
Science


A. 
Job Estimating



1.
Outlets




a. 
Material




b. 
Listing




c. 
Pricing




d. 
Costs




e. 
Profits and expenses



2.
Labor




a. 
Costs




b. 
Time


B.
Signal systems



1.
Public address



2.
Radio



3.
Fire alarm




a. 
Local




b. 
Municipal



4.
Burglar alarm and protection



5.
Nurse's call


C.
Wiring methods



1.
Two-wire systems (review)



2.
Three-wire systems (review)



3.
Four-wire systems



4.
Over-current protection



5.
Grounding and bonding



6.
Lighting




a. 
Incandescent




b. 
Fluorescent


D.
Services



1.
Metering and distribution




a. 
Utility requirements




b. 
Various types commonly used




c. 
Special requirements




d. 
Demand




e. 
Off-peak


E.
Transformers



1.
Use in circuit



2.
Types



3.
Power, control


F.
Test equipment



1.
Meter movements



2.
Meter construction



3.
Continuity testers




a. 
Bell and battery




b. 
Flashlight




c. 
Ohmmeter




d. 
Megger
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4.
Voltage tester




a. 
Portable general use (Wiggy)




b. 
Accurate desk type




c. 
Lamp and socket



5.
Amperage tester




a. 
Clamp-on




b. 
Accurate desk type with shunt


G. 
Fastening



1.
Hand tools



2.
Power methods




a. 
Electric tools




b. 
Pneumatic




c. 
Explosive types



3.
Types of fasteners




a. 
Uses




b. 
Restrictions

II.
Math


A. 
Review



1.
Ohm's Law



2.
Series circuits



3.
Parallel circuits


B. 
Power



1.
Formulas



2.
Energy forms



3.
Kilowatt




a. 
Reading meters




b. 
Utility rates


C. 
Batteries



1.
Cells in series



2.
Cells in parallel



3.
Cells in series-parallel 


D. 
Efficiency



1.
Percent



2.
Factors of electrical and mechanical power



3.
Computing efficiency of electrical devices 


E. 
Three and Four-Wire Circuits

1. Current flow 




a. 
Hot wires 




b.
 Neutral



2.
Voltage divisions




a. 
Balance




b. 
Unbalance



3.
Effects of open neutrals and unbalances 


F. 
Electric Heating



1.
Sizing

2. Heat losses and factors 


G. 
Load Calculations



1.
Feeders



2.
Branch circuits



3.
Voltage drop
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4.
Number of outlets on circuit



5.
Demand factor


H.
Mechanical Power Transmission



1.
Pulleys



2.
Gears



3.
Ratio

III.
Blueprint Reading


A.
Residential (review)



1.
Symbols



2.
Circuits



3.
Wires



4.
Entrance


B.
Structural Information


C.
Service and Metering



1.
Location



2.
Size



3.
Phase



4.
Current transformers



5.
Potential transformers



6.
Panel locations



7.
Emergency service



8.
One-line diagrams


D.
Commercial and Industrial



1.
Power layout and one-line diagrams



2.
Equipment layout



3.
Conduit and cable routing



4.
Specifications


E.
Correlation with Other Trades



1.
Reading other trade blueprints

IV.
National Electrical Code (Latest Edition)


A.
Chapter 200



1.
Wiring Design and Protection


B.
Chapter 300



1.
Wiring Methods and Materials




a. 
Temporary Wiring




b. 
Conductors




c. 
Open Wiring




d. 
Concealed Knob and Tube




e. 
Mineral Insulated




f. 
Nonmetallic Cable




g. 
Service Entrance Cable




h. 
Underground Feeder Cable




i. 
Rigid Nonmetallic Conduit




j. 
Rigid Metal Conduit




k.
Electrical Metallic Tubing




l. 
Flexible Metallic Tubing




m. 
Flexible Liquid-tight Metal Conduit




n. 
Multi-outlet Assembly




o. 
Surface Raceways
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C.
Chapter 400



1.
Equipment for General Use


D.
Chapter 500



1.
Special Occupancies




a. 
Hazardous Locations


E.
Chapter 600



1.
Special Equipment


F.
Chapter 700



1.
Special Conditions




a. 
Low Voltage Circuits

V.
Safety


A. 
Avoiding Accidents



1.
Proper tool for job



2.
Tools in top shape and condition



3.
Repair or discard worn-out tools



4.
Tool box for tools, or safe storage



5.
Pride in work and tools



6.
Correct use of ladders



7.
Correct use of staging



8.
Lift correctly; know your weight limits



9.
Proper clothing and safety devices


B.
Housekeeping



1.
Proper storing of tools and materials



2.
Disposal of waste material



3.
Clean and neat work area


C.
Handling of Materials and Stock



1.
Manual and mechanical



2.
Lifting and carrying


D.
Fires



1.
Material




a. 
Electrical




b. 
Liquid




c. 
Solid



2.
Proper extinguisher to use


E.
Defects in Tools



1.
Visual inspection



2.
Electrical tests



3.
Audible changes in use


F.
First Aid



1.
Rescue




a. 
Free victim




b. 
Protect self



2.
Treatment




a. 
Speed in starting artificial respiration




b. 
Mouth-to-mouth breathing




c. 
Keep victim warm and quiet




d. 
Mechanical aids



3.
Actions




a. 
Call doctor and ambulance or police




b. 
Keep crowds away




c. 
Treat for shock




d. 
Continue treatment during transportation
SOPHOMORE COURSE OF STUDY
Strand 1: Safety and Health Knowledge and Skills
1.A
Define health and safety regulations.

1.A.01a
Identify and apply OSHA and other health and safety regulations that apply to specific tasks and jobs in the occupational area.

1.A.02a
Identify and apply EPA and other environmental protection regulations that apply to specific tasks and jobs in the occupational area.

1.A.03a
Identify and apply Right-To-Know (Hazard Communication Policy) and other communicative regulations that apply to specific tasks and jobs in the occupational area.

1.A.04a
Explain procedures for documenting and reporting hazards to appropriate authorities.

1.A.05a
List penalties for non-compliance with appropriate health and safety regulations.

1.A.06a
Identify contact information for appropriate health and safety agencies and resources.

1.A.07c
Describe the history, function and importance of the Occupational Safety and Health Administration (OSHA).

1.B
Demonstrate health and safety practices.

1.B.01a
Identify, describe and demonstrate the effective use of Material Safety Data Sheets (MSDS).

1.B.06a
Locate emergency equipment in your lab, shop, and classroom, including (where appropriate) eyewash stations, shower facilities, sinks, fire extinguishers, fire blankets, telephone, master power switches, and emergency exits.

1.B.07a
Demonstrate the safe use, storage, and maintenance of every piece of equipment in the lab, shop, and classroom.

1.B.08a
Describe safety practices and procedures to be followed when working with and around electricity.

1.B.11c
Identify and describe ladder and scaffold safety practices and procedures.

Strand 2: Technical Knowledge and Skills
2.A
Read and interpret prints.

2.A.01c
Explain the basic layout of a set of prints as well as the importance of the accompanying job specifications document.

2.A.02c
Recognize and identify basic print terms, abbreviations, line types, symbols and notes.

2.A.03c
Interpret and follow drawing dimensions.

2.A.04c
Determine true measurements from a print using an Architect’s scale.

2.A.05c
Read and interpret plan, elevation, section and detail views and schedules.

2.A.07c
Discuss how state and/or local code requirements apply to prints.

2.A.08 
Layout and convert schematic diagrams to wiring diagrams.

2.A.09
Layout and convert wiring diagrams to schematic diagrams.

2.A.10 
Utilize software for Control Circuit drawing.

2.C
Illustrate basic concepts of electrical theory.

2.C.05
Explain how voltage, current, and resistance are related to each other.

2.D
Illustrate advanced concepts of electrical theory.

2.D.08
Describe the voltage and current transients that occur in an adductive circuit.

2.D.10
Describe the voltage and current transients that occur in a capacitive circuit.

2.D.15
Explain the use of surge protection and UPS systems.

2.I
Explain factors relating to conductors.

2.I.01
Explain the various sizes and gauges of wire in accordance with American Wire Gauge (AWG) standards.

2.I.02
Identify insulation types according to conditions and applications.

2.I.03
Describe voltage ratings of conductors and cables.

2.I.04
Read and identify markings conductors and cables.

2.I.05
Determine the ampacity of a conductor using the tables in the MEC.

2.I.06
Select electrical conductors for specific applications.

2.I.07
Demonstrate how to size conductors for a load.

2.I.08
Explain the application of the MEC ampacity tables.

2.I.09
Demonstrate derating conductors for fill, temperature, and voltage drop.

2.I.10
State the purpose of stranded wire.

2.I.11
Describe the different materials from which conductors are made.

2.I.12
Describe the color coding of insulation.

2.M
Apply concepts used in residential wiring.

2.M.01
Describe how to determine electric service requirements for dwellings.

2.M.02
Demonstrate and explain the grounding requirements of a residential electric service.

2.M.03
Calculate and size service-entrance equipment.

2.M.04
Demonstrate and state the functions and ratings of single-pole, double-pole, three-way, four-way, and dimmer switches.

2.M.05
Explain how wiring devices are selected and installed.

2.M.06
Select proper wiring methods for various types of residences.

2.M.07
Explain the role of the MEC in residential wiring.

2.M.08
Compute branch circuit loads and explain branch circuit requirements.

2.M.09
Explain the purpose of ground-fault circuit interrupters (GFCI) and arc-fault circuit interrupters (AFCI) and tell where they must be installed.

2.M.10
Describe rules for installing electric space heating and HVAC equipment.

2.M.12
Describe the installation and layout of lighting outlets.

2.M.13
Demonstrate the ability to make all installations according to manufacturers' specifications.

2.N
Demonstrate methods of overcurrent protection.

2.N.01
Explain the importance and necessity of overcurrent protection in electrical circuits.

2.N.02
State the key MEC requirements regarding overcurrent protection.

2.N.03
Determine let-through current values (peak and RMS) when current-limiting overcurrent devices are used.

2.N.04
Demonstrate sizing of overcurrent protection for specific applications.

2.N.05
Define the terms associated with fuses and circuit breakers.

2.N.06
Describe the operation of a circuit breaker and fuse.

2.N.07
Select the most suitable overcurrent device for the application.

2.N.08
Explain the role of the MEC in specifying overcurrent devices.

2.N.09
Describe the operation of single-element and time-delay fuses.

2.N.10
Demonstrate alignment short circuit currents.

2.N.11
State and apply MEC tap rules.

2.S
Install and maintain lighting and luminaires.

2.S.01
Identify and define industry terminology for lighting.

2.S.02
Recognize ballasts and describe their purpose for use in fluorescent and HID lighting fixture (luminaires).

2.S.03
Recognize basic occupancy sensors, photoelectric sensors, and dimmers used to control lighting circuits and describe how each device operates.

2.S.04
Select and install contactors and relays for lighting control.

2.S.05
Troubleshoot fluorescent and HID lamps and lighting fixtures (luminaires) using checklists.

2.S.06
Describe the characteristics of light and how the human eye reacts to light.

2.S.07
Recognize the different kinds of lamps and explain the advantages and disadvantages of each type.

2.S.08
Properly select and install lamps into lighting fixtures (luminaires).

2.S.09
Recognize and install various types of lighting fixtures (luminaires).

2.S.10
Classify lighting fixtures by layout, location, fixture type, and type of service.

2.S.11
Identify the main lighting requirements associated with lighting systems used in selected applications such as office buildings, schools, theaters, etc.

2.S.12
Select the appropriate lighting fixtures for specific lighting applications using manufacturers' lighting fixture catalogs.

2.U
Describe and install low voltage and alarm systems.

2.U.04
Explain the operating principles of fire and security alarm systems.

2.U.05
Identify the components of fire and security alarm systems.

2.U.06
Install and connect components of fire and security alarm systems.

2.U.08
Explain the various codes and regulations related to alarm systems (i.e. NFPA 72).

2.U.09
Identify and install Class 1, 2, and 3 low voltage systems.

2.U.10
Explain the MEC rules in Article 725 as they relate to various low voltage circuits.

2.U.12
Prepare, install, terminate, and test teledata wiring.

Strand 3: Embedded Academic Knowledge and Skills 
3.A
English Language Arts

3.A.04c
Integrate relevant information gathered from group discussions and interviews for reports.
3.A.05c
Deliver formal presentations for particular audiences using clear enunciation and appropriate organization, gestures, tone, and vocabulary.  

3.A.06c
Use general dictionaries, specialized dictionaries, thesauruses, histories of language, books of quotations, and other related references as needed.
3.C 
Science and Engineering/Technology

3.C.08c
Identify and explain the purposes of common tools and measurement devices used in construction, e.g., spirit level, transit, framing square, plumb bob, spring scale, tape measure, strain gauge, venturi meter, pitot tube.
3.C.15c
Explain the relationship between resistance, voltage, and current (Ohm's Law).
3.C.16c
Identify appropriate units of measurement for current, voltage, and resistance, and explain how they are measured.
3.C.17c
Analyze circuits (find the current at any point and the potential difference between any two points in the circuit) using Kirchoff and Ohm's laws.
Strand 4: Employability Knowledge and Skills 
4.D
Demonstrate positive work behaviors.

4.D.02a
Explain the importance of following workplace etiquette/protocol.
4.D.09a
Explain the importance of taking pride in work accomplished and extrinsic and intrinsic motivators that can be used to increase pride.

4.D.10a
Value the importance of professionalism, including reliability, honesty, responsibility, and ethics.

4.D.11a
Demonstrate a respect for diversity and its benefit to the workplace.
Strand 5: Management and Entrepreneurship Knowledge and Skills
5.A
Analyze basic business practices required to start and run a company/organization.

5.A.03a
Compare and contrast types of businesses, including sole proprietorships, small businesses, companies, corporations, governmental agencies, and non-profit organizations.

5.A.04a
Describe practices that ensure quality customer service.
SOPHOMORE MATH OBJECTIVES

1.
Perform all operations with fractions
2.
Addition and subtraction of decimals
3.
Multiply and divide decimals
4.
Demonstrate relationships between fractions, decimals, and percentages
5.
Review of Freshman and Sophomore math objectives
3.B
Mathematics

3.B.01c
Use a ruler, protractor, and compass to draw polygons and circles.

3.B.02c
Given the formulas, convert from one system of measurement to another. Use technology as appropriate.
3.B.11c
Use dimensional analysis for unit conversion and to confirm that expressions and equations make sense.  

ELECTRICAL DEPARTMENT

THIRD
YEAR OBJECTIVES

To provide quality training in both shop and related areas that would be applicable to a variety of employment situations and living experience.

To develop an awareness of the dimensions of skills required to be an effective and cooperative member of the electrical team.

SAFETY - SHOP - THIRD YEAR

I.
Equipment


A.
Lab volt



1.
Proper voltage



2.
Instructor check



3.
Live exposed terminals



4.
Transporting modules


B.
Motors



1.
Accidental starting



2.
Proper rotation



3.
Operator safety (guards)



4.
Voltage and phase


C.
Transformers



1.
Primary and secondary connections



2.
Grounding frame



3.
Phasing


D.
Switches and Starters



1.
Connections




a.
Phasing




b.
Sequence of phase



2.
Tagging switches open

II.
Personal


A.
Proper Safety Equipment



1.
Glasses



2.
Shoes


B.
Attitude toward Rules and Regulations



1.
Self



2.
Others



3.
Instructors

ELECTRICAL DEPARTMENT

SHOP THIRD YEAR

I.
Laboratory Experience, Lab Volt, Electric Power


A.
Introduction to Equipment



1. Question and answer period



2. Student familiarity



3. Review of safety procedures


B.
Experiments



1. 
Series and Parallel Equivalent Resistance's (Group)



2. 
Resistance's in Parallel



3. 
Resistance's in Series and in Series Parallel



4. 
Safety and the Power Supply



5. 
Ohm's Law



6. 
Circuit Solution, Part 1 (Group)



7. 
Circuit Solution, Part 2



8. 
Power in D.C. Circuits, Part 1 (Group)



9. 
Power in D.C. Circuits, Part 2



10. 
The Transmission Line (Group)



11. 
The Direct Current Motor, Part 1



12. 
The Direct Current Motor, Part 2



13. 
AC Voltage and Current (Group)



14.
AC Voltage and Current Measurement




a. 
Voltmeter




b. 
Ammeter



15.
The Wattmeter



16.
Phase Angle, Real and Apparent Power (Group)



17.
Capacitive Reactance



18.
Inductive Reactance



19.
Watt, VAR, Volt-Ampere and Power Factor



20.
Vectors and Phasors - Series Circuits



21.
Vectors and Phasors - Parallel Circuits



22.
Impedance



23.
The Synchronous Motor and the Electrodynamometer



24.
The D.C. Shunt Motor



25.
The D.C. Series Motor



26.
The D.C. Compound Motor



27.
The D.C. Separately Excited Shunt Generator



28.
The D.C. Self Excited Shunt Generator



29.
The D.C. Compound Generator



30.
The D.C. Series Generator



31.
The Split-Phase Induction Motor, Part 1



32.
The Split-Phase Induction Motor, Part 2



33.
The Split-Phase Induction Motor, Part 3



34.
The Capacitor-Start Motor



35.
The Capacitor-Run Motor



36.
The Universal Motor, Part 1



37.
The Universal Motor, Part 2



38.
The Repulsion Start-Induction Run Motor



39.
The Single Phase Transformer



40.
Transformer Phasing



41.
Transformer Regulation
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42.
The Autotransformer



43.
Transformers in Parallel



44.
Distribution Transformers



45.
Three Phase Circuits



46.
Three Phase Watts, VARS and Volt-Amperes



47.
Three Phase Power Measurement



48.
Three Phase Transformer Connections



49.
The Wound Rotor Induction Motor, Part 1



50.
The Wound Rotor Induction Motor, Part 2



51.
The Wound Rotor Induction Motor, Part 3



52.
The Squirrel Cage Induction Motor



53.
The Synchronous Motor, Part 1



54.
The Synchronous Motor Part 2



55.
The Synchronous Motor, Part 3



56.
The Three Phase Alternator



57.
The Alternator Under Load



58.
Alternator Synchronization



59.
Alternator Power



60.
Phase Sequence



61.
Frequency Conversion



62.
Reactance and Frequency



63.
Three Phase to Two Phase Conversion



64.
Selsyn Control



65.
SCR Speed Control, Part 1



66.
SCR Speed Control, Part 2

II.
Controls


A. 
Investigations in Controls, Lab Volt



1. 
Introduction to Equipment




a. 
Instructor explain




b. 
Student familiarity




c. 
Question and answer period




d. 
Review of safety


2. 
Experiments, Lab Volt Equipment




a. 
Controls and definitions




b. 
Symbols and devices




c. 
Safety and the power supply




d. 
Continuity tests




e. 
Two and Three-station control




f. 
Control diagrams




g. 
Electromagnetic contactors and relays




h. 
Full-voltage control of a 3-phase induction motor




i. 
Delayed start of a 3-phase induction motor




j. 
Stop-start-jog




k. 
Definite time jogging and magnetic brake




l. 
Forward-reverse 3-phase induction motor




m. 
Primary-resistor start of 3-phase induction motor




n. 
Autotransformer starting of 3-phase induction motor




o. 
Wye-Delta starting of 3-phase induction motor




p. 
Unbalanced starting of 3-phase induction motor
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q.
Starting 3-phase wound rotor induction motor




r.
Cam-switch and drum switch controls




s.
Plugging of 3-phase induction motors




t.
Direct current contactors and relays




u.
Direct current time delay relays




v.
Cam switch control of D.C. Motor




w.
CEMF starting of D.C. Motor




x.
Definite time D.C. motor started




y.
Plugging of D.C. motor




z.
Cam switch hoist-lower control of D.C. motor




aa.
Magnetic hoist-lower control of D.C. motor




bb.
D.C. braking of 3-phase motor




cc.
3-phase Synchronous motor definite time starter




dd.
3-phase Synchronous motor automatic synchronization




ee.
3-phase Synchronous motor complete control system




ff.
Sequence timer




gg.
Starting split phase and capacitor motors




hh. 
Glossary

3. Practical Work - Boards and Full Scale 




a. 
Manual controls





1.
Push buttons





2.
Disconnect switches





3.
Isolating switches





4.
Motor starters 




b. 
Automatic controls





1.
Pressure





2.
Vacuum





3.
Temperature





4.
Air




c. 
Piping and wiring




d. 
Pilot lights




e. 
Relays





1.
Control





2.
Low voltage





3.
Overcurrent protection

III.
Outside Work Experience

IV.
Investigations in Electrical Technology, Lab Volt Equipment


A. 
Introduction to equipment



1.
Instructor explain



2.
Student familiarity



3.
Question and answer period



4.
Review of safety procedures 


B. 
Experiments, 3 HP



1.
Resistance's in parallel



2.
Resistance's in Series and in parallel



3.
Series-parallel resistive circuits



4.
The capacitor



5.
Transmission line voltage drop



6.
DC shunt generator
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7.
Separately-excited DC shunt generator



8.
Self-excited DC shunt generator



9.
Over-compound DC generator



10.
Characteristics of self-excited compound generator



11.
Differential-compound DC generator #1



12.
Differential-compound DC generator #2



13.
Series DC generator



14.
Parallel operation of DC shunt generator #1



15.
Parallel operation of DC shunt generator #2



16.
Parallel operation of compound generators



17.
Starting rheostat



18.
Shunt DC motor



19.
Compound DC motor



20.
Efficiency of DC motor



21.
AC voltage and current



22.
Inductive reactance



23.
Capacitive reactance



24.
AC circuits (vectors)



25.
Series-parallel circuits



26.
Single phase power



27.
Active and reactive power
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RELATED - THIRD YEAR

I.
Science


A. 
Electromagnetism



1.
Field strength



2.
Induction



3.
Loop



4.
Coil


B.
Resistors



1.
Tolerance



2.
Current rating



3.
Color code



4.
Resistance in industry


C. 
The D.C. Generator



1. 
Producing voltage




a. 
Magnetism




b. 
Commutator




c. 
Field windings




d. 
Self excited



2.
Armature




a. 
Windings




b. 
Brushes




c. 
Commutators



3.
Regulation 




a.
 Speed 




b.
 Rheostat


D.
The D.C. Motor



1.
Series



2.
Shunt



3.
Compound




a. 
Differential




b. 
Cumulative



4.
Speed-load torque characteristics


E.
Capacitors



1.
Charging



2.
Discharge rate



3.
Unit



4.
Effect on circuit



5.
Dielectric, plates and construction


F.
The AC Motor



1.
Single phase




a. 
Split phase




b. 
Capacitor start




c. 
Shaded pole




d. 
Repulsion start




e. 
Universal




f. 
Synchronous



2.
Polyphase




a. 
Squirrel cage




b. 
Wound rotor




c. 
Synchronous
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3.
Repairs




a. 
Commutator sanding




b. 
Commutator turning and undercutting




c. 
Care during handling




d. 
Replacing brushes




e. 
Fitting brushes




f. 
Tension



4.
Lubrication




a. 
Proper for type of bearing and service




b. 
Fittings used


G. 
A. C. Principles



1.
Sine wave, generation



2.
Cycles, frequency



3.
Values of voltage and current in sine wave



4.
Graphs



5.
Electrical degrees



6.
Instantaneous values



7.
Maximum values, effective values


8.
Phase angles, phases



9.
Resistive circuit




a. 
Power




b. 
Eddy currents




c. 
Skin effects



10.
Reactance




a. 
Inductive




b. 
Capacitive



11.
Impedance



12.
Power Factor



13.
Series Resonance


H. 
The AC Generator



1. 
Slip rings



2. 
Poles



3. 
Production of Magnetic Field



4. 
Stationery Armature AC Generator



5. 
Phases


I. 
Motor Control



1. 
Terminology and identification



2. 
Protective circuits



3. 
Relay principle



4. 
Pilot devices, switches



5. 
Manual controllers



6. 
Magnetic starters



7. 
Design of circuits



8. 
Protection of control circuits


J. 
Motor Starters



1. 
A. C.




a. 
Line voltage




b. 
Reduced voltage start




c. 
Reversing, speed control




d. 
Drum starters, hand and power




e. 
Wiring




f. 
Heaters and overload devices
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2.
D. C.




a. 
Three point for shunt and compound, series




b. 
Four point




c. 
No voltage release




d. 
Overcurrent protection

II.
Math


A.
Efficiency



1.
Review of percent



2.
Conversion factors



3.
Electrical apparatus efficiency


B.
Capacitance



1.
Series and parallel



2.
Effect of reactance



3.
Effect of impedance


C.
A. C. Circuits



1.
Resistance, inductance, capacitance



2.
Components in series and parallel



3.
Vectors



4.
Resonance


D.
Generator and Motor Theory



1.
Field losses



2.
Armature losses



3.
Speed



4.
Belts and coupling

III.
Blueprint Reading - Commercial


A.
Motor Control Diagrams



1.
Circuits



2.
Symbols



3.
Line and schematic


B.
Mechanical Construction



1.
Hidden lines



2.
Exploded views



3.
Shop and working drawings


C.
Appliances



1.
Wiring



2.
Installation and mechanical repair

IV.
Code


A.
Chapter Four



1.
Appliances



2.
Motors and Controls



3.
Generators



4.
Transformers



5.
Capacitors



6.
Resistors and Reactors

V. 
Safety


A.
Equipment



1.
Safe handling



2.
Exposed parts (live)
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3.
Operation hazards of motors, generators



4.
Guards



5.
Connections



6.
Double check circuit, methods used to check 

B. Constant Reminder to Live Safely at All Times 


C. 
O.S.H.A. Course



1.
Slides



2.
Student lecture

JUNIOR COURSE OF STUDY
Strand 1: Safety and Health Knowledge and Skills
1.B
Demonstrate health and safety practices.

1.B.01a
Identify, describe and demonstrate the effective use of Material Safety Data Sheets (MSDS).

1.B.04a
Demonstrate safe dress and use of relevant safety gear and personal protective equipment (PPE), including wrist rests, adjustable workspaces and equipment, gloves, boots, earplugs, eye protection, and breathing apparatus.

1.B.05a
Illustrate appropriate safe body mechanics, including proper lifting techniques and ergonomics.

1.B.10a
Demonstrate proper workspace cleaning procedures.

Strand 2: Technical Knowledge and Skills
2.A
Read and interpret prints.

2.A.01c
Explain the basic layout of a set of prints as well as the importance of the accompanying job specifications document.

2.A.02c
Recognize and identify basic print terms, abbreviations, line types, symbols and notes.

2.A.03c
Interpret and follow drawing dimensions.

2.A.04c
Determine true measurements from a print using an Architect’s scale.

2.A.05c
Read and interpret plan, elevation, section and detail views and schedules.

2.A.06c
Identify, develop and complete material quantity takeoff sheets.

2.A.07c
Discuss how state and/or local code requirements apply to prints.

2.A.08c 
Layout and convert schematic diagrams to wiring diagrams.

2.A.09c
Layout and convert wiring diagrams to schematic diagrams.
2.A.10
Utilize software for Control Circuit drawing.
2.D
Illustrate advanced concepts of electrical theory.

2.D.02
Calculate, using Kirchhoff's voltage law, the voltage drop in series, parallel, and combination circuits.

2.D.03
Calculate, using Kirchhoff's current law, the total current in series, parallel, and combination circuits.

2.G
Install raceways, boxes, and fittings.

2.G.01
Describe various types of cable and raceways.

2.G.02
Identify and select various types and sizes of raceways.

2.G.03
Identify and select various types and sizes of cables.

2.G.04
Identify and select various types of raceway fittings.

2.G.05
Identify various methods used to install raceways.

2.G.06
Explain MEC raceway requirements.

2.G.07
Describe the different types of nonmetallic and metallic boxes.

2.G.08
State MEC requirements for box and raceway fill.

2.G.09
Calculate the required box size for any number and size of conductors.

2.G.10
Demonstrate the radius rule when installing conductors in pull boxes.

2.G.11
Properly locate, install, and support boxes of all types.

2.G.12
Describe the MEC regulations governing pull and junction boxes.

2.G.13
State the MEC requirements for boxes supporting luminaries.

2.G.14
Explain how boxes and fittings are selected and installed.

2.G.15
Demonstrate procedures for installing raceways and boxes on various surfaces.

2.G.16
Demonstrate procedures for installing raceways and boxes underground.

2.G.17
Demonstrate procedures for installing raceways and boxes in flush installations.

2.G.18
Describe the purpose of conduit bodies.

2.G.19
Install the different types of fittings used in conjunction with boxes.

2.G.20
Describe the installation rules for installing boxes and fittings in hazardous areas.

2.H
Demonstrate procedures used in raceway bending.

2.H.01 
Identify various raceways.

2.H.02
Identify the methods of hand bending raceway.

2.H.03
Identify the parts of electric and hydraulic benders.

2.H.04
Demonstrate process of different bending methods.

2.H.05
Determine raceway bends using mathematical formulas.

2.H.06
Make 90º bends, back-to-back bends, offsets, kicks, and saddle bends.

2.H.07
Cut, ream, and thread conduit.

2.I
Explain factors relating to conductors.

2.I.03
Describe voltage ratings of conductors and cables.

2.I.04
Read and identify markings conductors and cables.

2.I.05
Determine the ampacity of a conductor using the tables in the MEC.

2.K
Splice and terminate conductors.

2.K.01
Describe how to make a good conductor termination.

2.K.02
Prepare cable ends for terminations and splices.

2.K.03
Select and install lugs and connectors onto conductors.

2.K.04
Train cable at termination points.

2.K.05
Explain the requirements of the MEC in making cable terminations and splices.

2.K.07
Describe the importance of using proper bolt torque when bolting lugs onto busbars.

2.L
Apply concepts relating to commercial and industrial wiring.

2.L.01
Demonstrate and describe three-phase services.

2.L.02
Describe various types of electric service for commercial and industrial installations.

2.L.03
Explain the purpose of GFPE for services and where they must be installed.

2.L.04
Calculate and select service-entrance equipment as per MEC rules.

2.L.06
Install wiring devices according to MEC regulations.

2.L.07
Identify and follow MEC regulations governing installation of wiring devices.

2.L.08
Identify and describe safety switches and disconnects.

2.L.09
Install main disconnect switches, panelboards, and overcurrent protection devices.

2.L.10
Identify the circuit loads, number of circuits required, and installation requirements for distribution panels.

2.L.11
Identify and state the function of switchgear.

2.L.12
Identify special locations and equipment.

2.M
Apply concepts used in residential wiring.

2.M.13
Demonstrate the ability to make all installations according to manufacturers' specifications.

2.N
Demonstrate methods of overcurrent protection.

2.N.01
Explain the importance and necessity of overcurrent protection in electrical circuits.

2.N.02
State the key MEC requirements regarding overcurrent protection.

2.N.03
Determine let-through current values (peak and RMS) when current-limiting overcurrent devices are used.

2.N.04
Demonstrate sizing of overcurrent protection for specific applications.

2.N.05
Define the terms associated with fuses and circuit breakers.

2.N.06
Describe the operation of a circuit breaker and fuse.

2.N.07
Select the most suitable overcurrent device for the application.

2.N.08
Explain the role of the MEC in specifying overcurrent devices.

2.N.09
Describe the operation of single-element and time-delay fuses.

2.N.10
Demonstrate alignment short circuit currents.

2.N.11
State and apply MEC tap rules.

2.P
Identify and use motor controls.

2.P.01
Demonstrate the operating principles of motor controls and control circuits.

2.P.02
Select motor controls for specific applications.

2.P.03
Connect a simple control circuit.

2.P.04
Connect motor controllers for specific applications.

2.P.05
Connect control transformers in conjunction with motor control circuits.

2.P.06
Explain MEC regulations governing the installation of motor controls.

2.P.07
Install motor control circuits following MEC requirements.

2.P.08
Install contactors and relays according to the MEC requirements.

2.P.09
Interpret motor control diagrams and schematics.

2.P.10
Size and select thermal overload relays and other protective devices for motor controls.

2.P.11
Describe how overload relays operate.

2.S
Install and maintain lighting and luminaires.

2.S.01
Identify and define industry terminology for lighting.

2.S.02
Recognize ballasts and describe their purpose for use in fluorescent and HID lighting fixture (luminaires).

2.S.03
Recognize basic occupancy sensors, photoelectric sensors, and dimmers used to control lighting circuits and describe how each device operates.

2.S.04
Select and install contactors and relays for lighting control.

2.S.05
Troubleshoot fluorescent and HID lamps and lighting fixtures (luminaires) using checklists.

2.S.06
Describe the characteristics of light and how the human eye reacts to light.

2.S.07
Recognize the different kinds of lamps and explain the advantages and disadvantages of each type.

2.S.08
Properly select and install lamps into lighting fixtures (luminaires).

2.S.09
Recognize and install various types of lighting fixtures (luminaires).

2.S.10
Classify lighting fixtures by layout, location, fixture type, and type of service.

2.S.11
Identify the main lighting requirements associated with lighting systems used in selected applications such as office buildings, schools, theaters, etc.

2.S.12
Select the appropriate lighting fixtures for specific lighting applications using manufacturers' lighting fixture catalogs.

2.T
Illustrate concepts relating to distribution system transformers.

2.T.01
Describe transformer operation.

2.T.03
Describe the operating characteristics of the various types of transformers.

2.T.04
Connect a multi-tap transformer for the required secondary voltage.

2.T.05
Explain MEC regulations governing the installation of transformers.

2.T.06
Compute transformer sizes for various applications.

2.T.10
Calculate and install overcurrent protection for transformers.

2.T.11
Ground specialty transformers according to MEC requirements.

2.T.14
Demonstrate and describe reasons for both wye- and delta-connected units.

2.U
Describe and install low voltage and alarm systems.

2.U.01
Identify basic electronic system components and schematic diagrams and ladder logic.

2.U.02
Describe the basic materials of solid state devices.

2.U.03
Describe and identify the basic types of solid state devices and their use in circuits.

2.U.04
Explain the operating principles of fire and security alarm systems.

2.U.05
Identify the components of fire and security alarm systems.

2.U.06
Install and connect components of fire and security alarm systems.

2.U.07
Explain start-up procedures for fire and security systems.

2.U.08
Explain the various codes and regulations related to alarm systems (i.e. NFPA 72).

2.U.09
Identify and install Class 1, 2, and 3 low voltage systems.

2.U.10
Explain the MEC rules in Article 725 as they relate to various low voltage circuits.

2.U.11
Explain the cable hierarchy for cable as they relate to fire, communications and other cable systems in a building.

Strand 3: Embedded Academic Knowledge and Skills 
3.A
English Language Arts

3.A.02c
Apply steps for obtaining information from a variety of sources, organizing information, documenting sources, and presenting research in individual projects:
3.A.04c
Integrate relevant information gathered from group discussions and interviews for reports.
3.A.05c
Deliver formal presentations for particular audiences using clear enunciation and appropriate organization, gestures, tone, and vocabulary.  

3.A.06c
Use general dictionaries, specialized dictionaries, thesauruses, histories of language, books of quotations, and other related references as needed.
3.C 
Science and Engineering/Technology

3.C.08c
Identify and explain the purposes of common tools and measurement devices used in construction, e.g., spirit level, transit, framing square, plumb bob, spring scale, tape measure, strain gauge, venturi meter, pitot tube.
3.C.11c
Differentiate the factors that affect the design and building of structures, such as zoning laws, building codes, and professional standards.
3.C.15c
Explain the relationship between resistance, voltage, and current (Ohm's Law).
3.C.16c
Identify appropriate units of measurement for current, voltage, and resistance, and explain how they are measured.
3.C.17c
Analyze circuits (find the current at any point and the potential difference between any two points in the circuit) using Kirchoff and Ohm's laws.
Strand 4: Employability Knowledge and Skills 
4.B
Communicate in multiple modes to address needs within the career and technical field.

4.B.01a
Apply strategies to enhance effectiveness of all types of communications in the workplace.

4.B.02a
Apply reading skills and strategies to work-related documents.

4.B.03a
Locate information from books, journals, magazines, and the Internet.

4.B.04a
Apply basic writing skills to work-related communication.

4.B.05a
Write work-related materials.

4.B.08a
Apply basic skills for work-related oral communication.

4.D
Demonstrate positive work behaviors.

4.D.02a
Explain the importance of following workplace etiquette/protocol.
4.D.03a
Demonstrate willingness to learn and further develop skills.

4.D.09a
Explain the importance of taking pride in work accomplished and extrinsic and intrinsic motivators that can be used to increase pride.

4.D.10a
Value the importance of professionalism, including reliability, honesty, responsibility, and ethics.

4.D.11a
Demonstrate a respect for diversity and its benefit to the workplace.
Strand 5: Management and Entrepreneurship Knowledge and Skills
5.A
Analyze basic business practices required to start and run a company/organization.

5.A.03a
Compare and contrast types of businesses, including sole proprietorships, small businesses, companies, corporations, governmental agencies, and non-profit organizations.

5.A.04a
Describe practices that ensure quality customer service.
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FOURTH YEAR OBJECTIVES

To train and prepare the student for gainful employment and to eventually become a licensed electrician.

To thoroughly familiarize the student with the commercial standards and the Code for the Electrical Trade.

SAFETY - SHOP - FOURTH YEAR

I.
Personal


A. 
Live Terminals on Test Equipment


B. 
Test Cords

C. Sparks

II. 
Equipment


A. 
Rotating Machinery



1. 
Guards in place



2. 
Proper rotation



3. 
Cords




a. 
Proper connections




b. 
Not tangled




c. 
Final check before making alive


B. 
Meters



1. 
Proper connections



2. 
Proper scale setting



3. 
Correct meter

4. Cords not tangled 


C.
Required Safety Devices 

III. 
Application of O.S.H.A.

SHOP - FOURTH YEAR

I. 
Lab-Volt-Equipment


A. 
Experiments



1. 
Three-Phase Circuits



2. 
Three-Phase Power #1



3. 
Three-Phase Power #2



4. 
Three-Phase Power #3



5. 
Three-Phase Reactive Circuits



6. 
Three-Phase Inductive Circuits



7. 
Power Factor of a Three-Phase Motor



8. 
Three-Phase Alternator



9. 
Three-Phase Alternator Under Load



10. 
Synchronization of an Alternator



11. 
Alternator Connected to an Infinite Buss



12. 
Parallel Operation of Alternators

ELECTRICAL DEPARTMENT



13.
Wound Rotor Induction Motor



14.
Squirrel Cage Induction Motor #1



15.
Squirrel Cage Induction Motor #2



16.
Wound Rotor Induction Motor #1



17.
Wound Rotor Induction motor #2



18.
The Transformer #1



19.
The Transformer #2



20.
The Transformer #3



21.
Auto-Transformer #1



22.
Auto-Transformer #2



23.
Distribution Transformer



24.
Transformers in Parallel



25.
Transformers in Three-Phase Circuits



26.
The Scott Connection



27.
Variable Coupling Transformer



28.
The Synchronous Condenser



29.
The Synchronous Motor



30.
Frequency Converter



31.
Power Factor Correction



32.
Ward Leonard System #1



33.
Ward Leonard System #2


B. 
Transformers



1.
Test Bench



2.
Practical wiring and connections




a.
Dry type




b.
Oil filled




c.
Air-cooled




d. 
Boost-buck



3.
Applications




a.
Low energy




b.
Power




c.
Insulating




d.
Metering


C. 
Solid State



1.
Controls




a.
Dimmers




b.
Reduced voltage



2.
Equipment operation




a.
Small tools

b. Motor rectification

II.
Outside Work Experience

III. Application of O.S.H.A. 


A. 
Job Related

ELECTRICAL DEPARTMENT

RELATED - FOURTH YEAR

I. 
Science


A. 
Transformers



1.
Losses



2.
Leakage



3.
Hysteresis Loss



4.
Eddy current



5.
Saturation



6.
Cooling




a. 
Air




b. 
Oil




c. 
Water



7.
Feeders




a.
High voltage problems




b.
Spacing



8.
Grounding




a.
System




b.
Equipment



9.
Sizes




a.
Moving




b.
Storage




c.
Mounting positions and installation


B. 
Emergency Power



1.
Manual switching



2.
Automatic switching and control



3.
Sources




a.
Batteries




b.
Generators




c.
Non-interruptible service


C. 
Motors and Generators



1.
Large motor characteristics and requirements



2.
Comparison of AC and D.C. motors




a.
Size, physical




b.
Torque




c.
Control




d.
Reliability and maintenance


D. 
Transformers



1.
Power distribution



2.
Instrument




a.
Current




b.
Potential



3.
Isolating



4.
Auto



5.
Connections



6.
Phasing



7.
Losses and efficiencies



8.
Input-output



9.
Ratings


E.
Meters



1.
Calibration and accuracy



2.
Multirange meters



3.
Powered meters



4.
Accuracy in readings on various scales

ELECTRICAL DEPARTMENT

II.
Math


A. 
Trigonometry for AC Electricity



1.
Function of a right angle



2.
Table of functions



3.
Angles


B.
Inductance in AC Circuits



1.
Inductance in coils



2.
Reactance in coils



3.
Impedance in coils



4.
Measurements


C.
Transformers



1.
Inductance in transformer



2.
Current in transformer



3.
Efficiency of transformer



4.
Impedance of transformer


D.
Power Factor



1.
Definition



2.
Causes of low power factor



3.
Correction of low power factor



4.
Effect of low power factor




a. 
Motors




b. 
Lights




c. 
Metering




d. 
Billing



5.
Condenser and capacitors




a. 
Application




b. 
Protection




c. 
Effect



6.
Transformers and autotransformers




a. 
Application




b. 
Restrictions


E.
Motor Calculations



1.
Conductor sizes



2.
Overcurrent protection, branch circuit and running



3.
Sizing motors to loads



4.
More than one motor on branch circuit


F.
Formula Review and Computation Check



1.
Parallel circuits



2.
Series circuits



3.
Three and four-wire systems

III.
Code


A. 
Chapter 400



1.
Transformers



2.
Capacitors



3.
Generators



4.
Resistors and reactors



5.
Storage batteries



6.
Motors and controls


B.
Chapter 900



1.
Tables



2.
Examples

ELECTRICAL DEPARTMENT

IV.
Employment and Graduation Information


A. 
Monetary Usage



1.
Gold Standard



2.
Silver



3.
Federal Reserve



4.
Inflation and Recession



5.
Investment and Profits



6.
The Customer



7.
The Employer



8.
The Taxpayer


B.
The Electrical Industry



1.
Growth



2.
Opportunities



3.
Contracting



4.
Competition, Prices-and Profits


C.
Massachusetts Apprenticeship Laws



1.
Apprentice Training Programs



2.
Journeyman Supervision



3.
Requirements for State License




a. 
Journeyman




b. 
Master


D.
Labor Laws



1.
Fair Labor Standards Act, as Amended, 1966



2.
McNamara-O'Hara Service Contract Act of 1965



3.
Employment Act 1946



4.
Taft-Hartley Act 1947


E.
Wages



1.
Deductions




a. 
Federal




b. 
State




c. 
Social Security (FICA)




d. 
Pension and Saving Plans



2.
Health and Welfare




a. 
Workman's Compensation




b. 
Unemployment Compensation




c. 
Medical and Hospitalization




d. 
Annuities


F.
Co-op Program

V.
Safety


A. 
Review and Comments on all Safety Rules and Regulations


B. 
OSHA - Occupational Safety and Health Act

SENIOR COURSE OF STUDY
Strand 2: Technical Knowledge and Skills
2.A
Read and interpret prints.

2.A.01c
Explain the basic layout of a set of prints as well as the importance of the accompanying job specifications document.

2.A.02c
Recognize and identify basic print terms, abbreviations, line types, symbols and notes.

2.A.03c
Interpret and follow drawing dimensions.

2.A.04c
Determine true measurements from a print using an Architect’s scale.

2.A.05c
Read and interpret plan, elevation, section and detail views and schedules.

2.A.06c
Identify, develop and complete material quantity takeoff sheets.

2.A.07c
Discuss how state and/or local code requirements apply to prints.

2.A.08c 
Layout and convert schematic diagrams to wiring diagrams.

2.A.09c
Layout and convert wiring diagrams to schematic diagrams.

2.A.10
Utilize software for Control Circuit drawing.

2.D
Illustrate advanced concepts of electrical theory.

2.D.14
Explain 'power factor' as it relates to AC circuits.

2.E
Use electrical test equipment.

2.E.01
Perform measurement of current using the ammeter / clamp-on.

2.E.02
Perform measurement of voltage using the voltmeter.

2.E.03
Perform measurement of resistance using the ohmmeter.

2.E.04
Measure circuit properties using the volt-ohm-multimeter (VOM).

2.E.05
Measure power using the wattmeter.

2.E.06
Explain the operation of and describe the Megohmmeter.

2.E.07
Explain the operation of and describe the induction tester / proximity tester.

2.G
Install raceways, boxes, and fittings.

2.G.20
Describe the installation rules for installing boxes and fittings in hazardous areas.

2.I
Explain factors relating to conductors.

2.I.01
Explain the various sizes and gauges of wire in accordance with American Wire Gauge (AWG) standards.

2.I.02
Identify insulation types according to conditions and applications.

2.I.03
Describe voltage ratings of conductors and cables.

2.I.04
Read and identify markings conductors and cables.

2.I.05
Determine the ampacity of a conductor using the tables in the MEC.

2.I.06
Select electrical conductors for specific applications.

2.I.07
Demonstrate how to size conductors for a load.

2.I.08
Explain the application of the MEC ampacity tables.

2.I.09
Demonstrate derating conductors for fill, temperature, and voltage drop.

2.I.10
State the purpose of stranded wire.

2.I.11
Describe the different materials from which conductors are made.

2.I.12
Describe the color coding of insulation.

2.K
Splice and terminate conductors.

2.K.01
Describe how to make a good conductor termination.

2.K.02
Prepare cable ends for terminations and splices.

2.K.13
Identify and apply manufacturers' specifications to all installations.

2.L
Apply concepts relating to commercial and industrial wiring.

2.L.01
Demonstrate and describe three-phase services.

2.L.02
Describe various types of electric service for commercial and industrial installations.

2.L.07
Identify and follow MEC regulations governing installation of wiring devices.

2.L.08
Identify and describe safety switches and disconnects.

2.L.09
Install main disconnect switches, panelboards, and overcurrent protection devices.

2.L.10
Identify the circuit loads, number of circuits required, and installation requirements for distribution panels.

2.L.11
Identify and state the function of switchgear.

2.N
Demonstrate methods of overcurrent protection.

2.N.01
Explain the importance and necessity of overcurrent protection in electrical circuits.

2.N.02
State the key MEC requirements regarding overcurrent protection.

2.N.03
Determine let-through current values (peak and RMS) when current-limiting overcurrent devices are used.

2.N.04
Demonstrate sizing of overcurrent protection for specific applications.

2.N.05
Define the terms associated with fuses and circuit breakers.

2.N.06
Describe the operation of a circuit breaker and fuse.

2.N.07
Select the most suitable overcurrent device for the application.

2.N.08
Explain the role of the MEC in specifying overcurrent devices.

2.N.09
Describe the operation of single-element and time-delay fuses.

2.N.10
Demonstrate alignment short circuit currents.

2.N.11
State and apply MEC tap rules.

2.O
Illustrate theories of and applications relating to motors.

2.O.01
Define terms relating to motors.

2.O.02
Describe the various types of motor enclosures.

2.O.03
Describe how the rated voltage of a motor differs from the system voltage.

2.O.04
Describe the basic construction and components of a three-phase squirrel cage induction motor.

2.O.05
Describe the basic construction and components of single-phase motors and operating characteristics.

2.O.06
Explain the relationships among speed, frequency, and the number of poles in a three-phase induction motor.

2.O.11
Describe the component parts and operating characteristics of a three-phase synchronous motor.

2.O.12
Define torque, starting current, and armature reaction as they apply to DC motors.

2.O.13
Explain how the direction of rotation of a DC motor is changed.

2.O.14
Describe the design and characteristics of a DC shunt, series, and compound motor.

2.O.15
Describe dual-voltage motors and their applications.

2.O.16
Describe the methods for determining various motor connections.

2.P
Identify and use motor controls.

2.P.01
Demonstrate the operating principles of motor controls and control circuits.

2.P.02
Select motor controls for specific applications.

2.P.03
Connect a simple control circuit.

2.P.04
Connect motor controllers for specific applications.

2.P.05
Connect control transformers in conjunction with motor control circuits.

2.P.06
Explain MEC regulations governing the installation of motor controls.

2.P.07
Install motor control circuits following MEC requirements.

2.P.08
Install contactors and relays according to the MEC requirements.

2.P.15
Explain how mechanical and solid state controllers operate.

2.P.16
Describe manual, semi-automatic and automatic control circuits.

2.P.17
Test control circuits.

2.P.18
Identify and state the functions of limit switches and relays.

2.P.19 
Explain applications of PLC, VFD, USD and other computerized controls.

2.R
Illustrate principles of grounding.

2.R.01
Explain the purpose of grounding according to the MEC.

2.R.02
Distinguish between a short circuit and a ground fault.

2.R.03
Define the MEC ground-related terms.

2.R.04
Distinguish between system grounding and equipment grounding.

2.R.06
Explain the MEC requirements for the installation and physical protection of grounding electrode conductors.

2.R.12
Demonstrate effectively grounded and its importance in clearing ground faults and short circuits.

2.R.14
Explain the MEC requirements for grounding at more than one building.

2.S
Install and maintain lighting and luminaires.

2.S.01
Identify and define industry terminology for lighting.

2.S.02
Recognize ballasts and describe their purpose for use in fluorescent and HID lighting fixture (luminaires).

2.S.03
Recognize basic occupancy sensors, photoelectric sensors, and dimmers used to control lighting circuits and describe how each device operates.

2.S.04
Select and install contactors and relays for lighting control.

2.S.05
Troubleshoot fluorescent and HID lamps and lighting fixtures (luminaires) using checklists.

2.S.06
Describe the characteristics of light and how the human eye reacts to light.

2.S.07
Recognize the different kinds of lamps and explain the advantages and disadvantages of each type.

2.S.08
Properly select and install lamps into lighting fixtures (luminaires).

2.S.09
Recognize and install various types of lighting fixtures (luminaires).

2.S.10
Classify lighting fixtures by layout, location, fixture type, and type of service.

2.S.11
Identify the main lighting requirements associated with lighting systems used in selected applications such as office buildings, schools, theaters, etc.

2.S.12
Select the appropriate lighting fixtures for specific lighting applications using manufacturers' lighting fixture catalogs.

2.T
Illustrate concepts relating to distribution system transformers.

2.T.01
Describe transformer operation.

2.T.02
Explain the principle of self and mutual induction.

2.T.03
Describe the operating characteristics of the various types of transformers.

2.T.04
Connect a multi-tap transformer for the required secondary voltage.

2.T.05
Explain MEC regulations governing the installation of transformers.

2.T.06
Compute transformer sizes for various applications.

2.T.07
Explain types and purposes of grounding transformers.

2.T.08
Identify power transformer connections.

2.T.09
Identify specialty transformers.

2.U
Describe and install low voltage and alarm systems.

2.U.01
Identify basic electronic system components and schematic diagrams and ladder logic.

2.U.02
Describe the basic materials of solid state devices.

2.U.03
Describe and identify the basic types of solid state devices and their use in circuits.

2.U.04
Explain the operating principles of fire and security alarm systems.

2.U.05
Identify the components of fire and security alarm systems.

2.U.06
Install and connect components of fire and security alarm systems.

2.U.07
Explain start-up procedures for fire and security systems.

2.U.08
Explain the various codes and regulations related to alarm systems (i.e. NFPA 72).

2.U.09
Identify and install Class 1, 2, and 3 low voltage systems.

2.U.10
Explain the MEC rules in Article 725 as they relate to various low voltage circuits.

2.U.11
Explain the cable hierarchy for cable as they relate to fire, communications and other cable systems in a building.

2.U.12
Prepare, install, terminate, and test teledata wiring.

Strand 3: Embedded Academic Knowledge and Skills

3.A
English Language Arts

3.A.06c
Use general dictionaries, specialized dictionaries, thesauruses, histories of language, books of quotations, and other related references as needed.

3.A10c
Read, comprehend, and follow written technical directions for repairs, procedures and processes.
3.B
Mathematics
3B.02c
Given the formulas, convert from one system of measurement to another. Use technology as appropriate.
3.C
Science and Engineering/Technology

3.C.08c
Identify and explain the purposes of common tools and measurement devices used in construction, e.g., spirit level, transit, framing square, plumb bob, spring scale, tape measure, strain gauge, venturi meter, pitot tube.
3.C.15c
Explain the relationship between resistance, voltage, and current (Ohm's Law).
3.C.15c
Identify appropriate units of measurement for current, voltage, and resistance, and explain how they are measured.
3.C.16c
Analyze circuits (find the current at any point and the potential difference between any two points in the circuit) using Kirchoff and Ohm's laws.
3.C.18c
Distinguish between vector quantities (velocity, acceleration, and force) and scalar quantities (speed and mass).
3.C28c
Define and interpret elevation and topography components in drawings and technical documents.
Strand 4: Employability Knowledge and Skills 

4.A
Develop employability skills to secure and keep employment in chosen field.

4.A.05a
Create professional cover letters, resumes, and portfolios in a variety of formats (print and electronic) .
4.A.08a
Demonstrate employability skills needed to get and keep a job

4.B
Communicate in multiple modes to address needs within the career and technical field.
4.B.01a
Apply strategies to enhance effectiveness of all types of communications in the workplace.

4.B.02a
Apply reading skills and strategies to work-related documents.

4.B.03a
Locate information from books, journals, magazines, and the Internet.

4.B.04a
Apply basic writing skills to work-related communication.

4.B.05a
Write work-related materials.

Resources
Text Books

Senior Text
Electrical Wiring Industrial, by Robert L. Smith & Stephen L. Herman


Copyright 2008, Publisher – Delmar

Junior Text
Electrical Wiring Commercial, by Ray C. Mullin & Robert L. Smith


Copyright 2008, Publisher – Delmar

Sophomore Text
Electrical Wiring Residential, by Ray C. Mullin


Copyright 2008, Publisher – Delmar

Freshmen Text
Electrical Construction Wiring, by Walter N. Alerich


Copyright 1971, Publisher – American Technical Publishers, Inc.

Exploratory Text
Electricity 1, by Thomas Kubala


Copyright 2001, Publisher – Delmar

All Years
National Electrical Code, prepared by the National Electrical Code Committee, Copyright 2008, Publisher – National Fire Protection Association

All Years
Benfield Conduit Bending Manual, by Jack Benfield


Copyright 1980, Publisher – McGraw Hill, Inc.

Videos

Residential Wiring by the “Code”

The Benfield Bending Technique

Computer Software
National Electrical Code 2008

National Electrical Code Handbook 2008
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