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Course:
AG-AMII-01.422

   Agriculture Mechanics II

Unit 2:
Electrical Wiring
Lesson 2:
Basic Wiring 

Georgia Performance Standards:     AG-AMII-2 c, d , f, g, h-n
Academic Standards:          ELA9RC2, ELA12LSV1, ELA9RL5, ELA10W3,  MM1A3,  MA1P1,  MA1P3, SCSh2, SCSh3, SCSh4, SP1, SPS5, SPS7 

National Standards:
Objectives: 

a. Identify electrical symbols used in diagrams and floor plans.

b. Select service entrance equipment for different jobs.

c. Identify types of circuits and outlets.

d. Plan electrical circuits.

e. Select service entrance equipment for a specific job.

f. Select materials to wire a branch circuit.

g. Select appropriate grounding materials for a specific wiring system.

h. Draw a wiring diagram using appropriate symbols according to National Electrical Code.

i. Install service entrance equipment.

j. Install branch circuits.

k. Install grounding materials.

Teaching Time:
10 hours
Grades: 9-12

Essential Question: How do you wire electrical circuits?
Unit Understandings, Themes, and Concepts:

Students will gain an understanding of the different symbols, circuits, and materials used in diagrams and basic floor plans.
Primary Learning Goals: Students will be able to identify, select, plan, and draw the different components of wiring systems and floor plans.
Students with disabilities: For students with disabilities, the instructor should refer to the individual student's IEP to insure that the accommodations specified in the IEP are being provided within the classroom setting. Instructors should familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation within any given instructional activity or requirement.

Assessment Method/Type:

____ Constructed Response

____ Peer Assessment

_X__ Combined Methods


____ Selected Response

____ Informal Checks


____ Self Assessment
Annotation: 

	Agriculture Mechanics Technology II

Unit 6 Electrical Wiring
	01.422-6.2
	Basic Wiring
	Addresses topics of: National Electric Code, Underwriters Laboratory, Electrical Symbols, Types and numbers of circuits, Overcurrent protection, Service Entrance requirements, and Grounding.

Activities include diagramming circuits, locating approved electrical items, and sizing overcurrent protection.  

Ten 50- minute segments.
	NEC

Safety

UL




References:

Electrical Wiring. AAVIM.  Winterville, Georgia

http://www.aavim.com/
National Electrical Code.  National Fire Protection Association.
http://www.nfpa.org/
Agricultural Wiring Handbook, Rural Electric Resource Council. http://www.rerc.org/
EMC Student Guide To Wiring

http://aged.ces.uga.edu/Ag%20Mechanics%20Resources/WIRING%20GUIDE-2008.pdf
Materials and Equipment:

Electrician Tool Kit, various electrical devices, service entrance panel, circuit breakers, electrical wires, service entrance cable, bare copper ground wire, solderless connectors, box grounding clips and/or screws

PowerPoints:

Three_Way_Switch_Course_01422-6 PPT
Switches_Buster_H

Switches_and_Circuits PPT

Special_Purpose_Electrical_Switches_Buster_H

gfci1

Single_Pole_Switch_Course_01422-6

GFCI-W

GFCI_Receptacles_Buster_H

GFCI

Electrical_Switches_and_Receptacles_Buster_H

Web Resources:

http://www.rerc.org/
Georgia Performance Standards:
AG-AMII-2 d,e,f,g
AG-AMII -2:  Students will demonstrate skills in basic electrical wiring.

a. Select service entrance equipment for different jobs.

b. Explain the theory of operation for branch circuits.

     c. Identify types of circuits and outlets.

     d. Plan electrical circuits.

Academic Standards:
    ELA9RC2,ELA12LSV1, ELA9RL5, ELA10W3,  MM1A3,  MA1P1,  MA1P3, SCSh2, SCSh3, SCSh4, SP1, SPS5, SPS7 

ELA9RC2 The student participates in discussions related to curricular learning in all subject areas.

ELA12LSV1 The student participates in student-to-teacher, student-to-student, and group verbal interactions.

ELA9RL5 The student understands and acquires new vocabulary and uses it correctly in reading and writing.

ELA10W3 The student uses research and technology to support writing. 

MM1A3. The student solves simple equations.

MA1P1. The student solves problems (using appropriate technology).

MA1P3. The student communicates mathematically.

SCSh2 The student uses standard safety practices for all classroom laboratory and field investigations.

SCSh3 The student identifies and investigates problems scientifically.

SCSh4 The student uses tools and instruments for observing, measuring, and manipulating scientific equipment and materials.

SP1 The student analyzes the relationships between force, mass, gravity, and the motion of objects.

SPS5 The student compares and contrasts the phases of matter as they relate to atomic and molecular motion.

SPS7 The student relates transformations and flow of energy within a system.

Teaching Procedure

Introduction and Mental Set

Exhibit a circuit containing a service entrance panel, receptacle, single pole switch and light fixture.  Identify all parts of the circuit:  


service entrance cable


service entrance cable strap


box cable connectors


service entrance panel


main breaker


neutral bar


circuit breaker


grounding conductor


conductors


staples (or other means of cable support)


boxes for installing devices


attachment of equipment grounding conductor to metal boxes


wire nuts (or other splicing devices)


receptacle


different colored terminals on receptacle


light fixture


different colored terminals on light


single pole switch

Explain that each part of the circuit that has been identified is intended to be wired in a specific way.  When installing electrical circuits, the parts of the circuit must be carefully selected to ensure that the circuit will be as safe as possible.  Then, each part must be wired to conform to the requirements of the National Electrical Code.

During this lesson and the ones to follow, students will learn to select materials for and install electrical circuits.

Discussion 
A.    Whenever any electrical installations are made, it is very 
important to always follow the standards for safety.  

See Lesson AG-AG-AMI-01421-3.1 Demonstrating Electrical Safety.  

B.     BASIC WIRING PRINCIPLES



1.
Circuit Requirements




a.
Grounding Requirements





a.
For safety reasons, circuits must have an adequate 




equipment ground.





b.
The equipment grounding conductor (bare or green insulation) must be connected by approved means to each receptacle, switch, and metal box.





c.
The equipment grounding conductor is never a current carrying conductor under normal conditions.




b.
Conductor Requirements





a.
All circuits must have at least two current carrying conductors.  Some will have more than two.





b.
A 120 volt circuit will have one ungrounded (hot) conductor and one grounded (neutral) conductor.  A 240 volt circuit will have two ungrounded (hot) conductors.





c.
The grounded (neutral) conductor will be the white wire.  This conductor is never connected to a circuit breaker (or fuse) or a switch.  The grounded conductor must run continuously throughout the circuit to each outlet on a 120 volt circuit.  The grounded conductor may be spliced throughout the circuit, but it must not be terminated except at the last outlet on the circuit.


2.
Device Terminal Identification




a.
Circuit Polarity – Most outlets are designed for polarization, or the connection of the grounded conductor to corresponding terminals 




throughout the circuit.




b.
Terminal Identification – The terminals on outlets are usually color coded to insure the polarity of the circuit.





(1).
The brass colored terminals are for the connection of the ungrounded (hot) conductors.





(2).The silver colored terminals are for the connection of the grounded (neutral) conductors.





(3).The green terminals are for the connection of the equipment grounding conductors.



3.
Wiring Receptacles – Most receptacles will be duplex receptacles.  Duplex 




receptacles have two outlets or receptacles for supplying power.




a.
Terminals on Grounding Type Receptacles 




(page 102 in Electrical Wiring)





(1).
Grounding type duplex receptacles have five terminals.  Two terminals on one side of the receptacle are brass colored.  The two terminals on the other side of the receptacle are silver colored.  The fifth terminal is green and is for connection of the equipment grounding conductor.





(2).The two brass terminals are connected together with a bar.  The two silver terminals are also connected together with a bar.  Therefore, a conductor can be connected to only terminal on each side of the receptacle and energize both receptacles or outlets in a duplex receptacles.  The other terminal on each side of the receptacle is used to continue the circuit on to other outlets.  The ungrounded (black) conductor is connected to the brass terminals and grounded (white) conductor is connected to the silver terminals.




b.
Installing a Receptacle That Is Not On the End of a Circuit




Two wire cable with ground will be used in wiring receptacle circuits.  



Two wire cable with ground has one conductor with black insulation, one conductor with white insulation, and a bare conductor (or may have green insulation).





(1). 
Attach the grounded (white) conductor in the cable supplying the receptacle to one of the silver terminals.  Attach the white conductor in the cable that runs out of the box (to another outlet) to the other silver terminal.





(2). Attach the ungrounded (black) conductor in the cable supplying the receptacle to one of the brass terminals.  Attach the black conductor in the cable that runs out of the box (to another outlet) to the other brass terminal.





(3). If the receptacle is being installed in a metal box, splice the two equipment grounding (bare) conductors in the two cables and two 6 inch pieces of bare wire (jumpers) together.  Attach one of the jumpers to the green terminal on the receptacle.  Connect the other jumper to the metal box.




c.
Installing a Receptacle That Is On the End of a Circuit.  Two wire with ground will be used.




(1).
 Attach the grounded (white) conductor in the cable supplying the receptacle to one of the silver terminals.





(2). Attach the ungrounded (black) conductor in the cable to one of the brass terminals.





(3). If the receptacle is being installed in a metal box, splice the equipment grounding (bare) conductor in the cable and two 6 inch jumpers together.  Attach one of the jumpers to the green terminal on the receptacle.  Connect the other jumper to the metal box.



4.
Wiring Single Pole Switches and Lights – Use a single pole switch when a light(s) or other outlet is to be controlled from only one location.  Refer to Chapter 9-  Electrical Wiring.



a.
Terminals on a Single Pole Switch





(1).
Single pole switches have two current carrying terminals.  These two terminals are brass colored.





(2).Single pole switches also have a grounding terminal.  Like all grounding terminals, it is green colored.





(3).Switches do not have a silver colored terminal since a grounded conductor is never connected to a switch.




b.
Terminals on a Light Fixture





(1).
Most light fixtures have two current carrying terminals.




(2).
Since a light fixture is an outlet, one of the terminals is silver colored.  The grounded (white) conductor in the circuit is connected to the silver colored terminal.




(3).
The other terminal is brass colored.  If the light fixture is switch controlled, the ungrounded (hot) conductor from the switch is connected the brass colored terminal.




(4).
Some light fixtures may have a green grounding terminal.




c.
Principles of Wiring A Single Pole Switch and Light





(1).
 There are two methods of wiring a single pole switch and light.  The source may run through the switch first, or the source may run through the light first. 





(2). Regardless of the method of wiring the switch and light, the grounded (white) conductor must be connected to the silver terminal on the light 





(3). For a single pole switch to work, one of the current carrying (brass) terminals must be “hot” at all times.  It makes no difference which of the brass terminals is “hot”.  To make one 





terminal “hot” at all times, connect the ungrounded (black) conductor that originated in the service entrance panel to the terminal.





(4). There must be a switch leg between the switch and the light that it controls.  Therefore, the other brass terminal on a single pole switch must be connected directly to the light that the switch controls.  A black wire is connected between this brass terminal on the switch and the brass terminal on the light .




d.
Wiring a Single Pole Switch and Light With the Source Through the Switch




Two wire cable with ground will be used





(1).
The grounded (white) conductor must run directly to the silver terminal on the light.  Therefore, splice the white wire in the source cable and the white wire in the cable between the switch and the light together.





(2).  Attach the ungrounded (black) conductor in the source cable to one of the brass terminals on the switch.





(3). Attach the black conductor in cable between the switch and light to the other brass terminal on the switch and to the brass terminal on the light.  





(4). If the switch is being installed in a metal box, splice the two equipment grounding (bare) conductors in the two cables and two 6 inch pieces of bare wire (jumpers) together.  Attach one of the jumpers to the green terminal on the switch.  Connect the other jumper to the metal box.





(5).  If the light is being installed in a metal box, connect the bare conductor in the cable to the metal box.




e.
Wiring a Single Pole Switch and Light With the Source Through the Light




Two wire cable with ground will be used.





(1).
Attach the grounded (white) conductor in source cable to the silver terminal on the light.





(2).Splice the ungrounded (black) conductor in the source cable to the white conductor in the cable between the light and switch.  Since the grounded conductor will not be connected to the switch, this white wire can be used as an ungrounded (hot) wire.  This wire has lost its identity as a grounded conductor.  





Therefore, the wire must be re-identified by wrapping black tape around the white insulation. 





(3).  Attach the white conductor in the cable between the light and the switch to one of the brass terminals on the single pole switch.  The white wire must also be re-identified at the switch by taping with black tape.





(4).  Attach the black conductor in the cable between the light and the switch to the brass terminal on the light and to the other brass terminal on the switch.





(5).  If metal boxes are used, ground both boxes and the switch with the bare equipment grounding conductor.



5.
Wiring Three Way Switches and Lights – Three way switches are used in pairs.  Use two three way switches when a light(s) or other outlet is to be controlled from two locations.  Refer to Chapter 10 in Electrical Wiring.



a.
Terminals on a Three Way Switch





(1).
Three way switches have three current carrying terminals.  

(2). One terminal is known as the common terminal.  It is usually identified on the switch by the terminal being a darker color than the other two current carrying terminals, or the word “common” will stamped on the switch by the terminal.  This terminal is called the common terminal because regardless of the position of the switch toggle, the common terminal is making contact with one of the other current carrying terminals at all times. (Demonstrate with a continuity tester.)





(3).  The other two current carrying terminals are called carrier or traveler terminals.  They are usually brass colored, and both are the same color.





(4). Three way switches also have a grounding terminal.  Like all grounding terminals, it is green colored.





(5).  Three way switches do not have a silver colored terminal since a grounded conductor is never connected to a switch.




b.
Principles of Wiring Three Way Switches and Lights





(1).
Since three way switches are used in pairs, a circuit with two three way switches and a light will require three boxes.  The light and two three way switches can be in any sequence.  The source can run through either switch or through the light.  The light may be at either end of the circuit or between the switches.  The sequence does not matter as long as the correct type of cable is installed between the boxes.  Three wire cable with ground must be installed between the two three way switches.  Three wire cable has one white wire, one black wire, one red wire, and one bare (or green) wire.
 





(2). Regardless of the method of the sequence of the switches and light, the grounded (white) conductor must be connected to the silver terminal on the light 





(3). For three way switches to work, the common terminal on one of the three way switches must be “hot” at all times.  It makes no difference which of common terminals is “hot”.  To make one common terminal “hot” at all times, connect the ungrounded (black) conductor that originated in the service entrance panel to the terminal.





(4). There must be a switch leg between the common terminal on the other three way switch and the light that it controls.  Therefore, the common terminal on the other three way switch must be connected directly to the light that the switches control.  A black wire is connected between this common terminal on the switch and the brass terminal on the light.





(5). The two carrier or traveler terminals on one three way switch must be connected to the two carrier terminals on the other three way switch.




c.
Steps in Wiring Three Way Switches and Light




Based on the principles of wiring three way switches and lights, there are four steps to follow in wiring the switches and light.  If these four steps are followed, a person can wire three way switches and lights in any sequence, and the installation will work.





(1).
 Connect the white wire from the source to the silver terminal on the light.





(2). Connect the black wire from the source to the common terminal on one of the switches (can be connected to the common terminal of either switch).





(3). Connect the black wire from the brass terminal of the light to the common terminal on the other switch.





(4).  Connect the two remaining terminals on one switch to the two remaining terminals on the other switch.




    (Ground switches and metal boxes with the bare




 equipment grounding conductor.)




d.
Wiring Three Way Switches With the Source Through the Light




Use two wire cable with ground as the source cable to the light. Use two wire cable with ground between the light and the first three way switch.  Use three wire cable with ground between the two three way switches.





(1).
 Attach the grounded (white) conductor in source cable  to the silver terminal on the light.





(2). Splice the ungrounded (black) conductor in the source cable to the white conductor in the cable between the light and switch.  Since the grounded conductor will not be connected to the switch, this white wire can be used as an ungrounded (hot) wire.  This wire has lost its identity as a grounded conductor.  





Therefore, the wire must be re-identified by wrapping black tape around the white insulation. 





(3).  Splice the white conductor in the cable between the light and the switch to the white conductor between the two three ways switches.  The white wires must also be re-identified at the switch by taping with black tape.





(4).  Attach the white conductor in the cable between the two switches to the common terminal  on the second switch.





(5).  Attach the black conductor in the cable between the light and the switch to the brass terminal on the light and to the common terminal on the three way switch.





(6). If metal boxes are used, ground both boxes and the switch with the bare equipment grounding conductor.





(7).  At both switches, there will be a red and a black conductor remaining.  Both switches also have two carrier terminals.  Attach the black and red conductors to the carrier terminals on both three way switches.  





(8).  Ground all metal boxes and both switches with the bare equipment grounding conductor.



6.
Wiring Four Way Switches - Four way switches are used in 



Combination with three way switches when a light(s) or other



outlet is to be controlled from more than two locations.  Refer to 


Chapter 10 in Electrical Wiring.




a.
Terminals on a Four Way Switch





(1).
Four way switches have four current carrying terminals. 





(2). The four terminals are paired in two sets of   terminals.  There is no common terminal on a four way switch.





(3).  Four way switches also have a grounding terminal. 




b.
Principles of Wiring Four Way Switches 





(1).
 Four way switches must be installed between two three way switches.  As many four way switches as desired may be installed between the three way switches.





(2).  Four way switches are wired with the traveler or carrier conductors.  The wiring of the two three way switches must be maintained.





(3).  Most four way switches are installed by attaching the two traveler conductors from one three way switch to the two terminals on one end of the four way switch.  The two traveler conductors from the other three way switch are then attached to the two terminals on the other end of the four way switch.





(4).  Some four way switches are installed by attaching the two traveler conductors from one three way switch to the two terminals on one side of the four way switch.  The two traveler conductors from the other three way switch are then attached to the two terminals on the other side of the four way switch.





(5).  Manufacturers of four way switches will include a diagram to indicate if the switch is “end” wired or “side” wired. 





(6). Regardless of how the four way switch is wired, the 2  conductors from the SAME cable go to a pair of  terminals (end or side) on the four way switch.






c.
Wiring A Four Way Switches in Combination With Two Three Way Switches  



Follow same procedure as wiring three way switches and install a four way switch between the two three way switches.  Use the traveler conductors between the two three way switches to install the four way switch.  Maintain the common terminal connections on the three way switches.

Summary

The understanding of wiring electrical circuits based on the requirements of the National Electric Code, Local EMC=s, Georgia Power, and Local Wiring Codes are important for the installation to be safe.  The skills you have developed in this class should be used when working with electrical installations around the home.  Remind students of all the safety rules they should follow when working on electrical circuits.
Evaluation

Written Exam





Completed Laboratory Exercises

Completed Wiring Diagrams

6.4.1

Study Guide Questions #1
1.
The most common type of receptacle is:

A.
single receptacle type.

B.
single receptacle with a switch.

C.
duplex receptacle with weatherproof cover.

D.
standard grounding duplex receptacle.

2.
Self-contained kitchen ranges normally require a heavy duty _____ ampere 125/250- volt receptacle.

3.
Match the following:

_____ connect brass receptacle terminal screw to:
1.  bare wire

_____ connect silver receptacle terminal screw to:
2.  black wire

_____ connect green receptacle terminal screw to:3.  white wire

4.
The grounding wire must always be connected to every metal box.

A.
true

B.
false

5.
Those receptacles in which are inserted into holes in the back of the receptacle rather than being looped around screws on the sides are called __________ receptacles.

A.
black hole

B.
alternate

C.
back wired

D.
easy wire

6.
By removing the break-off connection tab between the brass terminals of receptacle, you:

A.
create a short circuit

B.
make it possible to connect a separate

C.
have a reduced utility bill

D.
make it a fire hazard

6.4.1

Study Guide Questions #1
7.
Match the following appliances according to their classification by placing the appropriate letter code by each appliance:

A = portable

_____ built-in oven

 

B = stationary
_____ self-contained range

C = fixed


_____ coffee maker

_____ mixer

_____blender

_____clothes dryer
_____window air conditioner

_____ water heater
_____ garbage disposal

8.
Stationary and ____________ appliances are generally wired on separate circuits.

9.
Most dryers are wired with No. 8 wire in a 60- amp circuit.

A.
true

B.
false

10.
A junction box is used only for:

A.
installing lighting fixtures overhead

B.
making wiring connections

C.
temporary connections

D.
electrical loads in excess of 30 amperes

11.
When connecting water heaters, you usually make the connections directly to the conductors in the water heater and connect the grounding wire to the metal case.

A.
true

B.
false

12.
The purpose of the switching device which controls the time-of-day operation of heaters and other heavy demand appliances is to:

A.
spread energy distribution among the various circuits of the box.

B.
allow the appliance to operate during the periods when demand on the power company lines are lower.

C.
enable the use of smaller wires.

D.
maintain a more uniform voltage.

6.4.1

Study Guide Questions #1

13.
Most clothes dryers can be plugged into a 120- volt receptacle and do not require a separate circuit.

A.
true

B.
false

14.
In most central heating installations, the responsibility of the electrician is to:

A.
perform the complete wiring and installation job

B.
perform the rough-in wiring

C.
wire up to the sep only

D.
recommend gas heat

6.4.2

Study Guide Questions #2
1.
The four mounting methods which cover the installation of most lighting fixtures are:

A.
mounting direct to ______________

B.
mounting________________to box

C.
mounting fixtures to ____________

D.
mounting_______________fixtures

2.
Closet fixtures must have at least:

A.
6 inches clearance where combustible materials may be stored.

B.
12 inches clearance where combustible materials may be stored.

C.
18 inches clearance where combustible materials may be stored.

D.
24 inches clearance where combustible materials may be stored.

3.
Lighting fixtures should utilize the fixture to stud mounting when:

A.
the fixtures are heavy.

B.
the fixtures are at the end of a long wirerun.

C.
the fixtures have heavy ampere demand.

D.
the fixtures are light.

4.
A code provision requires that no thermal insulation may be installed within _____ inches of a recessed fixture enclosure, wiring compartment or ballast.

5.
To allow free circulation of air the recessed fixture must have at least _____ inch clearance from combustible material.

A.
1

B.
2

C.
1 2

D.
2

6.4.3

Study Guide Questions #3

1.
Most switches used in lighting circuits are one of the following types: toggle type, rocker type, push button type.

A.
true

B.
false

2.
Two additional types of switches for special purposes of effect are the_______________ switch and the ______________ switch.

3.
Three-way switches are so called because:

A.
they control lights from three locations.

B.
they have three terminals on the switch.

C.
they can be used on only three circuits per building.

D.
they are operated with a rotary button with three positions for different levels of lighting intensity.

4.
Four-way switches are operated from four locations.

A.
true

B.
false

5.
Unlike receptacles, the pigtail grounding wire is not normally required to be connected from box to switch.

A.
true

B.
false

6.
If an outlet is at the end of a circuit the bare wire connects to:

A.
the outlet terminal

B.
the white wire

C.
the grounding screw in the outlet box

D.
no connection is necessary, just tape and push in the box

7.
The white wire in a cable may be connected to a switch without identification only when it is used for the ___________ switch.

6.4.3

Study Guide Questions #3

8.
In connecting, a single pole switch with an incoming and an outgoing cable in the box, you would connect:

A.
a black and white wire to the two terminals, the remaining two wire (black and white) are connected with a wire nut.

B.
the two white wires to the two terminals on the switch, the two black wires together.

C.
the two black wires to the two terminals, and the two white wires are connected with a wire nut

D.
none of the above

9.
A switch loop is required when:

A.
one switch is used in a circuit

B.
the power source enters the lighting outlet box first

C.
the power enters the switch box first

D.
none of the above

10.
A white wire connected to a black wire or to a switch is considered to be hot.

A.
true

B.
false

11.
Three-way switches are used only in pairs.

A.
true

B.
false

12.
You can identify the common or pivot terminal on a three-way switch because:

A.
it has a reverse thread

B.
it has a hex-type head

C.
it is always at the back of the switch, by itself

D.
it is usually alone and a different color from the other two terminals or it is labeled

13.
For wiring between three-way switches, you must use:

A.
three wire cable with ground

B.
two wire cable with ground

C.
four wire cable with ground

D.
the same as from the source to the first three-way switch

6.4.3

Study Guide Questions #3

14.
Traveler, or switching wires in three way switch installations connect:

A.
the switches to the light fixture

B.
the switches to the source

C.
the switches to each other only

D.
one switch to the light fixture, the other to the source

15.
A good way to identify the two terminals for traveler wires is:

A.
they will normally be a different color than the common terminal.

B.
they are larger in size than the common terminal.

C.
they are smaller than the common terminal.

D.
they are always silver.

16.
Four way switches are used only in combination with two three-way switches.

A.
true

B.
false

PRE-TEST

1.
The purpose of the National Electrical Code is to assure the _________ installation of electrical wiring.


A.

economical


B.

fast


C.

safe


D.

efficient

2..
A wiring installation may meet minimum National Electrical Code requirements for safety and still not be efficient or convenient.


A.

true


B.

false

3.
The National Electrical Code _______________________________________ .


A.

is updated every year


B.

is updated every three years


C.

is updated every ten years


D.

has never needed to be updated

4.
If a product bears the _____ stamp or tag, you may be sure it meets minimum safety standards.


A.

UFEC



B.

U.L.


C.

U.C.


D.

all of the above

5.
Every circuit must contain________ or more conductors.


A.

4



B.

1


C.

2


D.

3

6.
All individual circuits in a residence must be 240 volt circuits.


A.

True


B.

False

7.
A bathroom circuit is required by the National Electrical Code to serve ___________.


A.

only the receptacles and lights in a bathroom


B.

only the outlets in the bathroom and the bedroom next to the bathroom


C.

only the receptacles in a bathroom


D.

any outlet in the house.

8.
For general purpose circuits, the National Electrical Code allows the use of either ____________or____________ AWG wire.

9.
Name four examples of appliances that could be included on a small appliance circuit.


A. __________________
B._______________________


C. __________________  D. _______________________

10.
All __________ in the kitchen, dining room, breakfast room and pantry must be included in small appliance circuits.


A.

fuses


B.

lights


C.

receptacles


D.

dimmers

11.
The lighting outlets in all habitable rooms in a house ______________________ .


A.

must be wall switch controlled


B.

do not require any type of control


C.

may be wall switch or pull chain controlled


D.

must be controlled by single pole switches

12.
In rooms such as the living room, dining room, family room and bedroom, no point along the wall space may be more than _______ feet from a receptacle


A.

3


B.

6


C.

9


D.

12 

13.
All receptacles in a house must have ground fault circuit interrupter protection.


A.

true


B.

false

14.
Receptacles should be generally be located approximately _______ inches above the floor line.


A.

3


B.

6


C.

9


D.

12

15.
The electrical service entrance for a building is _____________________________ .


A.

only the electrical wires that enter a building

B.

the road or drive to the building  


C.

the panel to connect all circuit wires


D.

all components of the wiring system from the power company’s pole to the meter base.

16.
The minimum size service entrance panel that may be used in a house is _____


amps.


A.

60


B.

80


C.

100


D.

200

17.
The insulation on the wire is protected from overheating by __________________.


A.

the type of outlets to which the wire is connected


B.

overcurrent protection


C.

installing only in open places so that air can cool the wires


D.

undercurrent protection

18.
The maximum load that should be carried by a No. 12 AWG conductor is _______ .


A.

120 volts


B.

240 volts


C.

15 amps


D.

20 amps

19.
______________ are used to save time and space in preparation of wiring plans.


A.

symbols
B.

tags


C.

stamps
D.

tabs


20.
In a 120 volt circuit, the wire that must be used for the grounded or neutral wire is the 


wire with ________________ insulation.


A.

green


B.

black


C.

white


D.

no

21.
In an electrical circuit, the wire that serves as a path to ground during faults, but is 


normally a non-current carrying wire, is the __________________________. 


A.

grounded conductor


B.

ungrounded conductor


C.

grounding electrode conductor


D.

equipment grounding conductor

22.
On a 120 volt outlet, the grounded (neutral) conductor connects to _______________ 


terminal.


A.

the silver terminal


B.

the brass terminal


C.

the green terminal


D.

any of the terminals

23.
The electrical symbol for a single pole switch is ____________________.

24.
The symbol for a light fixture is____________.

25.
When a light is to be controlled from one location, a _______________  switch is used


to control the light.


A.

three way 


B.

single pole


C.

double throw


D.

single pole, double throw

POST-TEST

1.
The purpose of the National Electrical Code is to assure the _________ installation of electrical wiring.


A.

economical


B.

fast


C.

safe


D.

efficient

2.
The National Electrical Code covers ________________________.


A.

installations of electric conductors and equipment in buidlings


B.

installations of optical fiber cables 


C.

installations of conductors and equipment that connect to the supply of electricity


D.

all of the above

3..
A wiring installation may meet minimum National Electrical Code requirements for safety and still not be efficient or convenient.


A.

true


B.

false

4.
The National Electrical Code _______________________________________ .


A.

is updated every year


B.

is updated every three years


C.

is updated every ten years


D.

has never needed to be updated

5.
The _____________ inspector is the final authority in interpreting the National Electrical Code.


A.

local


B.

state


C.

national


D.

sheriff’s

6.
If a product bears the _____ stamp or tag, you may be sure it meets minimum safety standards.


A.

UFEC



B.

U.L.


C.

U.C.


D.

all of the above

7.
A product that has been tested and found to meet minimum safety standards is safe to use in any and all conditons.


A.

true


B.

false

8.
Every circuit must contain________ or more conductors.


A.

4



B.

1


C.

2


D.

3

9.
All individual circuits in a residence must be 240 volt circuits.


A.

True


B.

False

10.
The source for circuits in a house is the ____________.


A. 
power


B.

meter


C.

SEP


D.

circuit breaker

11.
The five types of branch circuits in a residential wiring system are:


A. ______________________________   B. _______________________________


C. ______________________________  C. _______________________________


D. ______________________________

12.
A bathroom circuit is required by the National Electrical Code to serve ___________.


A.

only the receptacles and lights in a bathroom


B.

only the outlets in the bathroom and the bedroom next to the bathroom


C.

only the receptacles in a bathroom


D.

any outlet in the house.

13.
For general purpose circuits, the National Electrical Code allows the use of either ____________or____________ AWG wire.

14.  
Two or more insulated conductors with an outer covering or jacket is a cable.


A.

True


B.

False

15.
Name four examples of appliances that could be included on a small appliance circuit.


A. __________________
B._______________________


C. __________________  D. _______________________

16.
For a small appliance circuit, No._____  AWG is the smallest size wire allowed.


A.

10


B.

12


C.

14


D.

16

17.
All __________ in the kitchen, dining room, breakfast room and pantry must be included in small appliance circuits.


A.

fuses


B.

lights


C.

receptacles


D.

dimmers

18.
No________ outlets may be included on small appliance circuits.


A.

small


B.

lighting


C.

receptacle


D.

20 amp

19.
The lighting outlets in all habitable rooms in a house ______________________ 

A.

must be wall switch controlled


B.

do not require any type of control


C.

may be wall switch or pull chain controlled


D.

must be controlled by single pole switches

20.
In rooms such as the living room, dining room, family room and bedroom, no point along the wall space may be more than _______ feet from a receptacle


A.

3


B.

6


C.

9


D.

12 

21.
All receptacles in a house must have ground fault circuit interrupter protection.


A.

true


B.

false

22.
Receptacles should be generally be located approximately _______ inches above the floor line.


A.

3


B.

6


C.

9


D.

12

23.
All receptacles installed along kitchen counter spaces must have _____________ protection.

24.
There should be at least one general purpose circuit for every ____ square feet of floor space in a home.


A.

200


B.

500


C.

700


D.

800

25.
To avoid overloading, you should not put more than_____ outlets on a 15- ampere (NO. 14 wire) circuit.

26.
The electrical service entrance for a building is _____________________________ .


A.

only the electrical wires that enter a building


B.

the road or drive to the building  


C.

the panel to connect all circuit wires


D.

all components of the wiring system from the power company’s pole to the meter base.

27.
The ______ is conduit connected to the top of the meter base through which overhead 


service conductors pass to the meter base.

28.
The minimum size service entrance panel that may be used in a house is _____


amps.


A.

60


B.

80


C.

100


D.

200

29.
The total amount of current required in all parts of the house is known as the electrical


______________.


A.

voltage




B.

amperage


C.

load


D. 
all of the above

30.
The insulation on the wire is protected from overheating by __________________.


A.

the type of outlets to which the wire is connected


B.

overcurrent protection


C.

installing only in open places so that air can cool the wires


D.

undercurrent protection

31.
The maximum load that should be carried by a No. 12 AWG conductor is _______ .


A.

120 volts


B.

240 volts


C.

15 amps


D.

20 amps

32.
A No. 10 AWG wire has a ________________ diameter than a No. 12 AWG wire.

33.
A ________ ampere fuse or circuit breaker is required  for bathroom circuits.

34.
The load-carrying capacity of a wire is measured in __________.


A.

wire size


B.

fractions


C.

voltage


D.

amperes

35.
The load-carrying capacity of a wire stated in amperes is _______.


A.

total load


B.

ampacity


C.

voltage


D.

volume

36.
Overcurrent protection for each circuit is provided by a ___________ or


_____________ of the correct size.

37.
______________ are used to save time and space in preparation of wiring plans.


A.

symbols
B.

tags


C.

stamps
D.

tabs


38.
In a 120 volt circuit, the wire that must be used for the grounded or neutral wire is the 


wire with ________________ insulation.


A.

green


B.

black


C.

white


D.

no

39.
The conductor in a circuit for connecting all switches is the ____________ conductor.


A.

grounded


B.

ungrounded


C.

equipment grounding


D.

grounding electrode

40.
If a white wire in a circuit is used for a purpose other than a grounded conductor, 


must be _____________________ .


A.

stripped of all insulation


B.

recalled


C.

re-identified 


D.

re-certified

41.
In an electrical circuit, the wire that serves as a path to ground during faults, but is 


normally a non-current carrying wire, is the __________________________. 


A.

grounded conductor


B.

ungrounded conductor


C.

grounding electrode conductor


D.

equipment grounding conductor

42.
The color associated with equipment grounding is ________________.


A.

green


B.

white


C.

black


D.

red

43.
On a 120 volt outlet, the grounded (neutral) conductor connects to _______________ 


terminal.


A.

the silver terminal


B.

the brass terminal


C.

the green terminal


D.

any of the terminals

44.
The electrical symbol for a single pole switch is ____________________.

45.
The symbol for a light is____________.

46.
When a light is to be controlled from one location, a _______________  switch is used


to control the light.


A.

three way 


B.

single pole


C.

double throw


D.

single pole, double throw

47.
The terminal on a three way switch that is always in contact with one of the other two terminals is the _______________ terminal.

48.
To control a light from four locations, use _____________________________  .


A.

four 4-way switches


B.

two 4-way switches, one 3-way switch, and one single pole switch


C.

two 3-way switches and two single pole switches


D.

two 4-way switches and two 3-way switches

49.
When installing 3-way swiches and a light, the grounded conductor will be connected to the _____________________.


A.

common terminal on the first switch


B.

common terminal on the second switch


C.

the silver terminal on the light


D.

the brass terminal on the light

50.
If metal electrical boxes are used, the __________ conductor must be connected to the boxes.


A.

black


B.

white


C.

red


D.

bare
PRE-TEST KEY

1.
C

2.
A

3.
B

4.
B

5.
C

6.
B

7.
C

8.
12    -   14

9.
Mixers, blenders, toasters, coffee makers, waffle irons, fry pans

10.
C

11.
A

12.
B

13.
B

14.
D

15.
D

16.
C

17.
B

18.
D

19.
A

20.
C

21.
D

22.
A

23.
S

24.
O
25.
B

POST-TEST KEY

1.
C






26.
D

2.
D






27.
mast

3.
A






28.
C

4.
B






29.
C

5.
A






30.
B

6.
B






31.
D

7.
B






32.
larger

8.
C






33.
20

9.
B






34.
D

10.
C






35.
B

11.
individual, small appliance, bathroom


36.
fuse   - circuit breaker


laundry, general purpose



37.
A

12.
C






38.
C

13.
14    -     12





39.
B

14.
A






40.
C

15.
Mixers, blenders, toasters,



41.
D

coffee makers, waffle irons, fry pans

42.
A

16.
B






43.
A

17.
C






44.
S
18.
B






45.
O
19.
A






46.
B

20.
B






47.
common

21.
B






48.
D

22.
D






49.
C

23.
ground fault circuit interrupter


50.
D

24.
B

25.
10
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Individual Learning Activity

Lesson:
Basic Wiring
Assignment:
Choose one of the topics below and research it. Write a report on your findings that answers the question or explains the concept and shows why it is relevant to your life.

a. Identify electrical symbols used in diagrams and floor plans.

b. Select service entrance equipment for different jobs.

c. Identify types of circuits and outlets.

d. Plan electrical circuits.

e. Select service entrance equipment for a specific job.

f. Select materials to wire a branch circuit.

g. Select appropriate grounding materials for a specific wiring system.

h. Draw a wiring diagram using appropriate symbols according to National Electrical Code.

i. Install service entrance equipment.

j. Install branch circuits.

k. Install grounding materials.

Minimum Requirements:

1. Paper must be typed in 12 point font and at least one page in length. The paper may be double-spaced. 

2. At least two credible references must be properly cited.

3. All work must be original. No plagiarism! Any use of  

another’s ideas without giving credit will result in a zero.

4. Papers will be graded on content (amount of good information, accuracy, etc.) and mechanics (grammar, spelling, and punctuation.)

Due Date:

Points/Grade Available:

Individual Learning Activity Rubric

	Content - offers current information on the topic chosen, thoroughly covers each aspect of the question, and demonstrates understanding and mastery of the lesson. The paper should include information and issues of state and local importance.
	35 pts.



	Critical Analysis - logical process of analyzing and reporting information that examines and explains the topic selected. The paper should go beyond simply listing facts and must include why the concept is relevant to the student’s life. 
	25 pts.

	Organization- The paper should have an orderly structure that demonstrates a logical flow of ideas.
	15 pts.

	Mechanics- spelling, grammar, punctuation, font size, double spacing, citation, etc. Essentially, the paper should meet all specifications and be executed following rules of proper written English.
	15 pts.


Group Learning Activity

Lesson: 
Basic Wiring
Assignment: 
Choose one of the topics below and research it. With your group, prepare a presentation to teach the class your concept.
a. Identify electrical symbols used in diagrams and floor plans.

b. Select service entrance equipment for different jobs.

c. Identify types of circuits and outlets.

d. Plan electrical circuits.

e. Select service entrance equipment for a specific job.

f. Select materials to wire a branch circuit.

g. Select appropriate grounding materials for a specific wiring system.

h. Draw a wiring diagram using appropriate symbols according to National Electrical Code.

i. Install service entrance equipment.

j. Install branch circuits.

k. Install grounding materials.

Your presentation should include the following:

1. A lesson plan outlining exactly what your group will teach and how the information will be taught

2. A Power Point of at least twelve slides

3. Notes containing the information the class will be responsible for (these can be printed and given to the class, written on the board, or part of the Power Point). A copy of the notes will be turned in to the instructor.

4. Some type of interactive activity for the class (game, problem solving activity, interactive model, etc.)

5. Your group must also prepare an assessment for the class. This assessment can be written or oral, but should show the instructor that the class understands and has retained the material being taught.

Due Date:

Points/Grade Available:

All work must be original. No plagiarism! Any use of  

another’s ideas without giving credit will result in a zero.

Group Learning Activity Rubric
	Lesson Plan – The group submits a thorough, detailed lesson plan highlighting the content and organization of their lesson.
	10 pts.

	PowerPoint – The group presents a Power Point of at least twelve slides that contains information and pictures vital to the lesson with additional information or examples for enhancement.
	20 pts.

	Interactive Activity – Some type of interactive activity is used to help teach the lesson. The activity should contribute to the mastery of content and involve the entire class in some way.
	15 pts.

	Assessment – A fair, thorough assessment is prepared and administered based on the information presented to the class. Poor grades on the assessment by a few members of the class are excusable, but if the entire class has difficulty, the points awarded in this category may be lowered at the discretion of the instructor.
	   15 pts.

	Content – The group should cover the concept (within reason) in entirety. The group may study actual lesson plans to help decide what should be emphasized.
	    25 pts.

	Overall Effect – The group is prepared, enthusiastic, and interesting, and the lesson flows smoothly. 
	    15 pts.


Presentation Learning Activity
Lesson:
Basic Wiring
Assignment:
Choose one of the topics below, research it, and prepare a presentation that answers the question or explains the concept and shows why it is relevant to your life.




a. Identify electrical symbols used in diagrams and floor plans.

b. Select service entrance equipment for different jobs.

c. Identify types of circuits and outlets.

d. Plan electrical circuits.

e. Select service entrance equipment for a specific job.

f. Select materials to wire a branch circuit.

g. Select appropriate grounding materials for a specific wiring system.

h. Draw a wiring diagram using appropriate symbols according to National Electrical Code.

i. Install service entrance equipment.

j. Install branch circuits.

k. Install grounding materials.

Minimum Requirements:

Oral Report Option

1.   Write a paper on one of the topics and orally present your work to the class.

2.   Paper may be double-spaced and should be at least one page in length, resulting in a two to five minute presentation. 

3.   At least two references must be properly cited. 

4.   The presentation of the report will be graded secondary 

      to the content of the paper.

PowerPoint Option

1. Presentation should be at least ten slides in length

2. Presentation should include at least four photos.

3. Presentation should be two to five minutes in length.

4. Grammar and spelling will be graded by the same standards as any other written assignment.

5. At least two references must be properly cited.

Poster Option:

1. Prepare a poster that answers/explains one of the topics. You will present your poster to the class.

2. Your poster should include both text and graphics that help communicate your research.

3. At least two sources of information should be properly cited on the back of the poster.

4. Neatness and appearance of the poster will be graded.

5. Poster presentation should last two to five minutes.

Due Date:

Points/Grade Available:

For all presentations: All work must be original. No plagiarism! Any use of another’s work or ideas without giving proper credit will result in a zero.

Presentation Learning Activity Rubric

	Content- offers current information on the topic chosen, thoroughly covers each aspect of the question, and demonstrates understanding and mastery of the lesson. The presentation should include information and issues of state and local importance.
	40 pts.

	Critical Analysis/Organization – The presentation shows a logical process of analyzing and reporting information that examines and explains the topic selected. The presentation should go beyond simply listing facts and must include why the concept is relevant to the student’s life.
	20 pts.

	Presentation – The student makes a genuine effort to present, not just read the material. The student should present with confidence using techniques like eye contact and voice inflexion to make his or her point. Although content takes precedence over presentation, the experience of successfully presenting in front of a class is part of the basis of this assignment.
	25 pts.

	Mechanics- spelling, grammar, punctuation, font size, double spacing, citation, etc. Essentially, the presentation should meet all guidelines set forth and should be executed in proper written English. For the poster, this includes neatness and appearance.
	15 pts.
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Essential Question:

How do wire electrical circuits?
Vocabulary
Service Entrance Cable

Service Entrance Cable Strap

Box Cable Connectors

Service Entrance Panel

Main Breaker

Neutral Bar

Circuit Breaker

Grounding Conductor

Conductors

Staples (or other means of cable support)

Boxes for Installing Devices

Wire Nuts (or other splicing devices)

Receptacle

Different Colored Terminals on Receptacle

Light Fixture

Different Colored Terminals on Light

Single Pole Switch
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