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Course:
AG-AMII-01.422

   Agriculture Mechanics II

Unit 2:
Electrical Wiring
Lesson 1:
Basic Wiring- Planning and Installing the Service Entrance
Georgia Performance Standards:    AG-AMII-2 c, d, h, j, k, l
Academic Standards: ELA9RC2, ELA12LSV1, ELA9RL5, ELA10W3, MM1A3,  MA1P1,  MA1P3, SCSh2, SCSh3, SCSh4, SP1, SPS5, SPS7 

National Standards:

Objectives: 

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

2.  Select service entrance equipment for different jobs.



   3. Select service entrance equipment for a specific job.

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


   5. Draw a wiring diagram using appropriate symbols according to 

       National Electrical Code.


  6. Install service entrance equipment.

Teaching Time:
10 hours
Grades: 9-12

Essential Question: How do you wire electrical circuits?
Unit Understandings, Themes, and Concepts: Students will learn the importance of following instructions and a process when installing a service entrance. 
Primary Learning Goals: Students will be able to identify symbols and select appropriate equipment for installing a service entrance.
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:

Planning Circuits-Size and Type SEP-H. Milligan
Grounding the Electrical System
Web Resources:

http://www.rerc.org/
Georgia Performance Standards:
AG-AMII-2 c, d, h, j, k, l
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.
Selecting Service Entrance Equipment – The service entrance 



for a building includes everything from the power company’s 



transformer to the meter base.  All of the electrical equipment



that is used to supply electrical power to the building and located 



outside of the building makes up the service entrance.  There are 



NEC and/or power company requirements for each component of 



The service entrance.  



The service entrance is made up of:
1.
Service conductors – Service conductors are those conductors that are installed between the power company’s transformer to the building.  The conductors may be run overhead or underground to the building.  If the conductors are run overhead, there are minimum clearances for the conductors to the ground, drives, etc.  Overhead conductors are usually referred to as a service drop.  Refer to “Service Drops”, pages 228-230 in Electrical Wiring for requirements for overhead service drops.  If the conductors are run underground, there are minimum requirements such as depth of burial for these conductors.  Underground conductors are usually referred to as service laterals.  Refer to “Service Laterals” , pages 241-242 in Electrical Wiring for requirements for service laterals.

2.
Service mast – A mast is conduit connected to the top of the meter  base through which overhead service conductors pass to the meter base.  The mast may or may not pass through the roof of the building.  Refer to “Types of Service Drops”, pages 231-232 in Electrical Wiring for mast requirements.  The mast must be attached to the meter base with an approved water tight conduit connector (see page 234).  

3.
Service entrance head or weather head – The weather head is attached to the top of the mast.  The service conductors pass through the weather head.  The purpose of the weather head is keep water out of the service entrance.  (Refer to page 228 and 234 in Electrical Wiring)
4.
Meter base – The meter base serves as the socket into which the meter will be installed to supply electrical power to the building.  It is also the point of entry for the service entrance conductors into the building.  The meter base is installed 4’–5’ above ground level.  In many installations, the meter base will also include a main disconnect 

5.
Service entrance cable – The service entrance cable supplies electrical power to the building from the point of attachment to the service drop if the service entrance is overhead.  The service entrance cable is installed through the mast to the meter base and to the service entrance panel.  If the service entrance is underground, underground service entrance cable is installed from the transformer to the meter base and to the service entrance panel. 


 C.    Selecting the service entrance panel– (refer to Electrical Wiring, Chapter 11)

The service entrance panel is the point of connection for the service for the service conductors in a building.  The service entrance panel is also usually the distribution panel for all of the branch circuit conductors in a building. 

The functions or the service entrance panel include:


1.
Provide a safe means for the entrance of electrical supply wires into a building.


2.
Provide a means of disconnecting all electrical power in a building.


3.
Provide a means of limiting to a safe level the maximum amount of electrical current that can enter a building.


4.
Provide a common point for grounding the electrical equipment.


5.
Provide a safe means of subdividing the electrical supply to serve individual loads or groups of loads.

The service entrance panel is sometimes referred to as the circuit breaker panel or fuse panel since it contains the circuit breakers or fuses that provide overcurrent protection for the branch circuits.  In some localities, a main disconnect is required outside the building and is sometimes included with the meter base.  If an outside disconnect is used, the outside disconnect is technically the service entrance panel, and the circuit breaker panel becomes a feeder panel.  Whether the panel is the service entrance panel or a feeder panel will determine how the panel will be wired.  The wiring of the panel will be discussed later.  Whether the panel is a service entrance panel, or a feeder panel, the basis for selection of the panel will be the same.

Refer to pages 178 – 179 in Electrical Wiring to identify the parts of the service entrance panel and determine the function of each part.

When selecting the panel, there are three factors that must be considered:

1.
Type of panel.  The two basic types of panels are the 


circuit breaker panel and the fuse panel.  While the fuse

 panel is still acceptable for use by the National Electrical Code, the circuit breaker panel is now used in most installations.  The circuit breaker panel is more versatile as far as the type of circuits that can be supplied from the panel (120 or 240 volt circuits). The fuse type usually allows only a very limited number of 240 volt circuits to be supplied.



2..

Size or ampere rating of the panel.  The  size of the panel needed for a building will be determined by the ampere load of the building.  The minimum size service entrance panel for a house is 100 amps.  The National Electrical Code contains information for calculating the amp load of buildings in Appendix D.



3.

Circuit capacity (number of spaces for connecting circuits in the panel.  The number of spaces in the service entrance panel needs to be considered to assure that all desired circuits in a building can be served by the panel.  Also, when determining the circuit capacity, a service entrance panel should be selected that will have several spare spaces after all planned circuits are installed.  These spare spaces will allow for future expansion of the electrical system.





Refer to “Laboratory Exercise for Selecting Service Entrance Panel.”


This exercise contains a calculation form for determining the amp rating for a service entrance panel needed in a residence.  The form is based on the National Electrical Code.  The exercise also contains a calculation form for determining the circuit capacity of a service entrance panel needed in a residence.  Have students complete pages 1 and 2 of the form based on the example residence given.


D.
Providing Overcurrent Protection



1.
Overcurrent protection is providing a means to interrupt an electrical circuit when the current (amperage) becomes excessive.  For most circuits, the overcurrent protection will be a circuit breaker installed in the service entrance panel.  Fuses may also be used to provide overcurrent protection.




Refer to Ag wiring Handbook (15th ed) pages 5-6 Overcurrent Devices 



2.
Overcurrent protection is needed to protect the conductors in a circuit and also for electrical equipment such as motors and electronic equipment.  The overcurrent protection device may be thought of as a safety valve in the circuit.



3.
Each conductor in a circuit has a current carrying capacity that the conductor can safely carry.  The capacity is expressed in amperes and is known as ampacity.  The ampacity of a conductor is determined by the size of the conductor, the material that the conductor is made of, the type of insulation on the conductor, and where the conductor is used.  The conductors in a circuit must be protected against amperage loads  in excess of the ampacity of the conductors.




Example

Watts  + Amperes 

Volts
For example:

1200 watts  = 10 amperes 



120 volts


4.
The insulation on each wire is sufficient to prevent the bare wire from coming in contact with other wires or other objects that can cause a short circuit or ground fault.  The insulation will stay on the wire and do its job for an indefinite period of time unless the insulation is damaged or destroyed by improper use.



5.
Heat will destroy insulation.  Any time current flows through a wire, heat will be generated in the wire.  If the wire is overloaded, excess heat is generated.  This excess heat can cause damage to the insulation.  This excess heat may cause the insulation to burn which in turn can cause a fire in the building in which the wire is installed. 



6.
An overcurrent protection device with the proper amperage rating will prevent damage to the insulation on the wire by limiting the amperage load in the wire to a safe level.



7.
The rating of the overcurrent protection device to protect the circuit conductors should be selected based on the ampacity of the conductor to be used.



8.
The rating of the overcurrent protection device to be used with some commonly used copper conductors is as follows.  (Refer to Electrical Wiring

	Size of Copper Conductor

(AWG)
	Ampacity/Size of Overcurrent Protection Device

	14
	15

	12
	20

	10
	30

	8
	40

	6
	55

	4
	70

	3
	85

	2
	95

	1
	110




          **  Refer to NEC Table 310.16 through 310.19 and the           notes following the tables for additional information on the 



          ampacity of different types of conductors when used in 



          different  applications.



9.       When more than one size of wire is used in a circuit, use an 


                    overcurrent protection device with a rating that will 



          protect the  smallest size wire in the circuit.

E.
Electrical symbols and Drawings


Refer to pages 4 and 5 of Electrical Wiring.  Point out that the wiring plan on page 4 indicates the location of all outlets and switches in the house.  However, a person must know what the symbols mean in order to make the installations as shown on the wiring plan.  Note the necessity for using symbols in a house floor plan.  Without symbols, everything would have to be written out and the floor plan would become so crowded that it would be difficult to locate individual items.


Refer to page 5 for the meaning of electrical symbols.  Relate the meaning of the symbols to the wiring plan and discuss the wiring plan.  When symbols are used to draw a circuit, the plan is usually called a schematic drawing.


Have students use electrical symbols to draw the schematic drawing for the circuit displayed on the wiring panel or board.


Using the display circuit, explain the path of current as it travels from the source to the switches and/or outlets, then back to the source.  Point out the different colors of the wires in the circuit.  Explain that it is very important to use the proper color wire for installation to various terminals on devices so as to maintain the proper color coding throughout the circuit.

F.
Explain the classification of conductors based on insulation color and how each conductor must be used in the wiring system.  Point out the different conductors on the display circuit.


1.
Grounded conductor – a current carrying conductor that is 


connected to the earth (grounded). The grounded conductor

is often called the neutral wire. Color must be white or 

natural gray (or bare if part of a service entrance cable.  
 
Also known as identified conductor.  This means that it 

must installed so that anyone can always recognize that it 

is in fact the grounded conductor.  A white wire may be 

used for purposes other than a grounded conductor.  If it is 

used for other than a grounded conductor, the wire must be

re-identified by using black tape on the wire or painting 

the insulation black.  The grounded conductor must never be

fused or switched.  One grounded conductor must be used 

on all 120 volt outlets or equipment.  The grounded 

conductor is never connected to the power terminals on 240 

volt outlets or equipment.  Point out the grounded 


conductors in the  service entrance cable and in the branch

circuit wires. 


2.
Ungrounded conductor – a current carrying conductor that is not connected to the earth.  The ungrounded conductor is often called the “hot wire”.




Color should not be white, gray, or green.  Color may be black, red, blue, etc.  Circuit breakers (or fuses) and switches are placed on ungrounded conductors.  One ungrounded conductor is used in 120 volt circuits.  Two ungrounded conductors are used in 240 volt circuits.  Point out the ungrounded conductors in the service entrance cable and in the branch circuit wires.


3.
Equipment grounding conductor – Under normal conditions,



the equipment grounding conductor is never a current 



carrying conductor.  It serves as a path to ground if a fault 



occurs in the electrical system or electrical equipment.



The equipment grounding conductor may be a bare wire or



may have green or green with yellow stripe insulation.  The
 

conductor is always connected to the grounding terminals of 


devices and to non-current carrying metal parts of 


equipment and circuits (including all metal boxes).  Point out


the equipment grounding conductor in the branch circuit 


wires.


4.
Grounding electrode conductor – the large bare copper wire 



that connects the electrical system to the grounding 



electrode. The size of the grounding electrode conductor is 



determined by the size of service entrance cable being used.  



Refer to page 204 of Electrical Wiring for selecting the 



proper size of the grounding electrode conductor.  Point out 



the grounding electrode conductor on the display panel.

G.
Explain the color coding of electrical connections.  When attaching the conductors to devices, it is very important to maintain the color coding of the conductors to insure the continuity of the grounded (neutral) conductor throughout the circuit.


1.
According to article 200.10 of the NEC, all devices provided with terminals for attachment of the conductors and intended for connection to more than one side of the circuit (grounded and ungrounded) must have terminals marked for identification.  A 120 volt outlet (receptacle or lighting outlet) will have the grounded and ungrounded conductors in a circuit attached to the outlet.  Therefore, the terminals will be identified so that the grounded conductor will be attached to the proper terminal.


2.
The correct color coding in the electrical circuit is:



(1)
Silver or white colored terminal – attach the grounded (neutral) conductor.



(2)
Copper or brass colored terminal – attach the ungrounded (hot) conductor.



(3)
Green colored terminal – attach the equipment grounding conductor.


3.
Point out the color coding of the electrical connections on


 the display circuit.



BASIC WIRING PRINCIPLES



A.
Circuit Requirements




1.
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.




2.
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.  



B.
Device Terminal Identification




1.
Circuit Polarity – Most outlets are designed for polarization, or the connection of the grounded conductor to corresponding terminals 




throughout the circuit.




2.
Terminal Identification – The terminals on outlets are usually color coded to insure the polarity of the circuit.




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




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




c.
The green terminals are for the connection of the equipment grounding conductors.

H.
Draw diagram and Install the Service Entrance Panel on the EMC


Wiring Board (see attached diagram of Panel and wiring board) 


Refer to Chapter 13 AAVIM Electrical wiring


A.
Diagram and wire a 120 volt branch circuit into source.



Use 14-2 with ground for 120v installation


Refer to page 208 AAVIM Electrical Wiring-Installation


Refer to page Chapter 12 AAVIM Electrical Wiring-Grounding

B.
Diagram and wire a 240 volt branch circuit into source.



Refer to page 209 AAVIM Electrical Wiring


Refer to page Chapter 12 AAVIM Electrical Wiring-Grounding

*C.
Diagram and wire a 120 volt branch circuit protected by  a 



GFCI breaker into the source.



Use 14-2 with ground for 120v installation



Refer to page 218 AAVIM Electrical Wiring


Refer to page Chapter 12 AAVIM Electrical Wiring-Grounding

*D.
Diagram and wire a 120 volt branch circuit protected by  a 



AFCI breaker into  the source.



Use 14-2 with ground for 120v installation



Refer to page 218 AAVIM Electrical Wiring


Refer to page Chapter 12 AAVIM Electrical Wiring-Grounding
*Alternate- may just demonstrate.
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

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


amps.


A.

60


B.

80


C.

100


D.

200

8.
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

9.
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

10.
______________ are used to save time and space in preparation of wiring plans.


A.

symbols
B.

tags


C.

stamps
D.

tabs


11.
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

12.
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

13.
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

14.
The electrical symbol for a service entrance panel is ____________________.

PRE-TEST KEY

1.
C

2.
A

3.
B

4.
B

5.
C

6.
B

7.
C

8.
B

9.
D

10.
A

11.
C

12.
D

13.
A

14.
S

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 conditions.


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


A.

True


B.

False

12.
To avoid overloading, you should not put more than_____ outlets on a 15- ampere (NO. 14 wire) circuit.

13.
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.

14.
The ______ is conduit connected to the top of the meter base through which overhead 


service conductors pass to the meter base.

15.
The minimum size service entrance panel that may be used in a house is _____


amps.


A.

60


B.

80


C.

100


D.

200

16.
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

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

20.
The load-carrying capacity of a wire is measured in __________.


A.

wire size


B.

fractions


C.

voltage


D.

amperes

21.
The load-carrying capacity of a wire stated in amperes is _______.


A.

total load


B.

ampacity


C.

voltage


D.

volume

22.
Overcurrent protection for each circuit is provided by a ___________ or


_____________ of the correct size.

23.
______________ are used to save time and space in preparation of wiring plans.


A.

symbols
B.

tags


C.

stamps
D.

tabs


24.
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

25.
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

26.
The color associated with equipment grounding is ________________.


A.

green


B.

white


C.

black


D.

red

27.
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

28.
The electrical symbol for a service entrance panel is ____________________.

29.
The symbol for a light is____________.

30.
If metal electrical boxes are used, the __________ conductor must be connected to the boxes.


A.

black


B.

white


C.

red


D.

bare
POST-TEST KEY

1.
C





49.
C

2.
D








3.
A








4.
B







5.
A








6.
B








7.
B








8.
C








9.
B
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Laboratory Exercise for Selecting Service Entrance Panel

1.
Using the following example for a residence, determine the amp rating of the service entrance panel needed for the residence.  Page 1 of the calculation form should be used for this calculation.

2.
After calculating the amp rating of the service entrance panel needed, complete page 2 of the calculation form to determine the number of spaces needed in the service entrance panel.

RESIDENCE

The residence for this example has 1,625 square feet of living area exclusive of unfinished attic and garage.  The following electrical equipment and circuits will be in the house.

12,000 watt range

5,800 watt clothes dryer

4,500 watt water heater

1,200 watt dishwasher

2 ½  ton heat pump – 24 amp

12 kva (12,000 watts) supplemental heat that may operate at same time as heat pump

240 volt, ¾ horsepower pump motor (6.9 amps)

individual computer circuit

individual freezer circuit

2 individual entertainment circuits (TV, VCR, audio equipment)

CALCULATIONS FOR SERVICE ENTRANCE AND FEEDER LINE CAPACITY

Single Family Residence

page 1

	
	WATTS
	WATTS

	GENERAL LOAD
	xxxxxxxxxx
	xxxxxxxxx

	1.  Lighting (general purpose circuits) 3 watts X _____________

                                                             (square feet of living area)
	
	xxxxxxxxx

	2.  Small Appliance Load 

     Number of circuits  ________ X 1500 watts

     (At least 2 small appliance circuits required)
	
	xxxxxxxxx

	3.  Laundry Load

     Number of circuits ________ X 1500 watts

     (At least 1 laundry circuit required) 
	
	xxxxxxxxx

	4.  (240 V) Range (12,000 watts)*
	
	xxxxxxxxx

	5.  (240 V) Water Heater (4,500 watts)*
	
	xxxxxxxxx

	6.  (240 V) Clothes Dryer (5,000 watts)*
	
	xxxxxxxxx

	7.  (120 V) Dishwasher (1,200 watts)*
	
	xxxxxxxxx

	8.  Other large load device requiring individual circuit
	
	xxxxxxxxxx

	     TOTAL LINES 1 - 8
	
	xxxxxxxxxx

	      First 10,000 watts of load X 100%
	xxxxxxxxxx
	

	      Remainder of load _______________ X 40%
	xxxxxxxxxx
	

	HEAT AND AIR CONDITIONING LOAD
	xxxxxxxxxx
	xxxxxxxxx

	9.  A.  Heat Pump ________ Amps X ________ Volts
	
	xxxxxxxxx

	     B.  Supplementary Heat
	
	xxxxxxxxx

	     C.  If heat pump and supplementary heat are on at the     

           same time, add lines A and B
	
	xxxxxxxxx

	     D.  If heat pump and supplementary heat are not on at    

           the same time, use only the largest load 
	
	xxxxxxxxx

	     E.  Transfer C or D to right column
	xxxxxxxxxx
	

	10.  A.  Other Electric Heat (total nameplate wattage)
	
	xxxxxxxxx

	       B.  Other Air Conditioners ______Volts X ______Amps
	
	xxxxxxxxx

	       C.  Transfer larger of 10A or 10B to right column
	xxxxxxxxxx
	

	OTHER MOTOR LOADS
	xxxxxxxxxx
	xxxxxxxxx

	11.  ______ Horsepower:  ______Amps X ______Volts
	xxxxxxxxxx
	

	       ______ Horsepower:  ______Amps X ______Volts
	xxxxxxxxxx
	

	12.  TOTAL WATTS IN RIGHT COLUMN
	xxxxxxxxxx
	


13.  Divide total watts in line 12 by 240 Volts:

        Total Watts Line 12    =    __________   =    __________ AMPS BUILDING LOAD
             240 Volts                               240

14.  RECOMMENDED SERVICE ENTRANCE CAPACITY    __________ (100   150  200)

        (Select at least one size larger than the building load)

*If known, use actual nameplate wattages.  If wattage is unknown, use wattage in    

   parenthesis.

example

CALCULATIONS FOR SERVICE ENTRANCE AND FEEDER LINE CAPACITY

Single Family Residence

page 1

	
	WATTS
	WATTS

	GENERAL LOAD
	xxxxxxxxxx
	xxxxxxxxx

	1.  Lighting (general purpose circuits) 3 watts X    1,625__
                                                             (square feet of living area)
	     4,875
	xxxxxxxxx

	2.  Small Appliance Load 

     Number of circuits  ___2____ X 1500 watts

     (At least 2 small appliance circuits required)
	3,000
	xxxxxxxxx

	3.  Laundry Load

     Number of circuits ____1___ X 1500 watts

     (At least 1 laundry circuit required) 
	1,500
	xxxxxxxxx

	4.  (240 V) Range (12,000 watts)*
	12,000
	xxxxxxxxx

	5.  (240 V) Water Heater (4,500 watts)*
	4,500
	xxxxxxxxx

	6.  (240 V) Clothes Dryer (5,000 watts)*
	5,800
	xxxxxxxxx

	7.  (120 V) Dishwasher (1,200 watts)*
	1,200
	xxxxxxxxx

	8.  Other large load device requiring individual circuit
	
	xxxxxxxxxx

	     TOTAL LINES 1 - 8
	32,075
	Xxxxxxxxx

	      First 10,000 watts of load X 100%
	xxxxxxxxxx
	10,000

	      Remainder of load     22,876    X 40%
	xxxxxxxxxx
	9,150

	HEAT AND AIR CONDITIONING LOAD
	xxxxxxxxxx
	xxxxxxxxx

	9.  A.  Heat Pump ___24___ Amps X __240____ Volts
	5,760
	xxxxxxxxx

	     B.  Supplementary Heat
	12,000
	xxxxxxxxx

	     C.  If heat pump and supplementary heat are on at the     

           same time, add lines A and B
	17,760
	xxxxxxxxx

	     D.  If heat pump and supplementary heat are not on at    

           the same time, use only the largest load 
	
	xxxxxxxxx

	     E.  Transfer C or D to right column
	xxxxxxxxxx
	17,760

	10.  A.  Other Electric Heat (total nameplate wattage)
	
	xxxxxxxxx

	       B.  Other Air Conditioners ______Volts X ______Amps
	
	xxxxxxxxx

	       C.  Transfer larger of 10A or 10B to right column
	xxxxxxxxxx
	

	OTHER MOTOR LOADS
	xxxxxxxxxx
	xxxxxxxxx

	11.  __3/4_ Horsepower:  ___6.9_Amps X __240_Volts
	xxxxxxxxxx
	1,656

	       ______ Horsepower:  ______Amps X ______Volts
	xxxxxxxxxx
	

	12.  TOTAL WATTS IN RIGHT COLUMN
	xxxxxxxxxx
	38,566


13.  Divide total watts in line 12 by 240 Volts:

        Total Watts Line 12    =    ___38,566___   =    __161_____ AMPS BUILDING LOAD
             240 Volts                              240
14.  RECOMMENDED SERVICE ENTRANCE CAPACITY    __200_____ (100   150  200)

       (Select at least one size larger than the building load)

*If known, use actual nameplate wattages.  If wattage is unknown, use wattage in    

  parenthesis.
SERVICE ENTRANCE CALCULATION FORM

page 2

Calculation of Number of Spaces Needed in Panel

	CIRCUITS NEEDED
	120 VOLT

CIRCUITS
	240 VOLT

CIRCUITS

	1.  Lighting (general purpose) Circuits)               watts from      

     item  1, page 1 of form divided by 1,500 watts  

                                          ____ watts       = 

                                   1,500           watts
	
	xxxxxxxxxxx

	2.  Small Appliance Circuits (number from item 2, page 1) 
	
	xxxxxxxxxxx

	3.  Laundry Circuits (number from item 3, page 1)
	
	xxxxxxxxxxx

	4.  Bathroom Circuits (at least one required)
	
	xxxxxxxxxxx

	5.  Fixed Appliance Circuits (individual circuits) from items      

     4 – 8, page1
	xxxxxxxxxxxx
	xxxxxxxxxxx

	     A.  Number of 120 volt appliances from items 4 - 8
	
	xxxxxxxxxxx

	     B.  Number of 240 volt appliances from items 4 - 8
	xxxxxxxxxxxx
	

	6.  Heat Pump (Allow 2 – 240 volt circuits and 1 – 120 volt    

      circuit) from item 9, page 1
	
	

	7.  Other Electric Heat from item 10A, page 1
	xxxxxxxxxxxx
	xxxxxxxxxxx

	     A.  Number of 120 volt heaters
	
	xxxxxxxxxxx

	     B.  Number of 240 volt heaters 
	xxxxxxxxxxxx
	

	8.  Other Air Conditioners from item 10B
	xxxxxxxxxxxx
	xxxxxxxxxxx

	     A.  Number of 120 volt units
	
	xxxxxxxxxxx

	     B.  Number of 240 volt units
	xxxxxxxxxxxx
	

	9.  Other Motor Loads from item 11, page 1
	xxxxxxxxxxxx
	xxxxxxxxxxx

	     A.  Number of 120 volt motors
	
	xxxxxxxxxxxx

	     B.  Number of 240 volt motors
	xxxxxxxxxxxx
	

	10.  Additional  Individual Circuits Desired in Residence 

       (for computers, televisions, freezer, furnace fan, etc.)
	xxxxxxxxxxxx
	xxxxxxxxxxx

	      A.  Number of additional 120 volt individual circuits
	
	xxxxxxxxxxx

	      B.  Number of additional 240 volt individual circuits
	xxxxxxxxxxxx
	

	
	
	

	11.  TOTAL NUMBER OF 120 VOLT CIRCUITS
	
	xxxxxxxxxxx

	
	
	

	12.  TOTAL NUMBER OF 240 VOLT CIRCUITS
	xxxxxxxxxxxx
	


13.  Choose (100, 150, or 200 amp) Circuit Breaker Panel with                          spaces.

        Note:  Each 120 volt circuit requires 1 space.

                   Each 240 volt circuit requires 2 spaces.

ALLOW CAPACITY AND SPACE FOR FUTURE NEEDS!!!

example

SERVICE ENTRANCE CALCULATION FORM

page 2

Calculation of Number of Spaces Needed in Panel

	CIRCUITS NEEDED
	120 VOLT

CIRCUITS
	240 VOLT

CIRCUITS

	1.  Lighting (general purpose) Circuits)     4,875    watts from      

     item  1, page 1 of form divided by 1,500 watts  

                                   4,875  ____ watts       = 

                                   1,500           watts
	4
	xxxxxxxxxxx

	2.  Small Appliance Circuits (number from item 2, page 1) 
	2
	xxxxxxxxxxx

	3.  Laundry Circuits (number from item 3, page 1)
	1
	xxxxxxxxxxx

	4.  Bathroom Circuits (at least one required)
	2
	xxxxxxxxxxx

	5.  Fixed Appliance Circuits (individual circuits) from items      

     4 – 8, page1
	xxxxxxxxxxxx
	xxxxxxxxxxx

	     A.  Number of 120 volt appliances from items 4 - 8
	1
	xxxxxxxxxxx

	     B.  Number of 240 volt appliances from items 4 - 8
	xxxxxxxxxxxx
	3

	6.  Heat Pump (Allow 2 – 240 volt circuits and 1 – 120 volt    

      circuit) from item 9, page 1
	1
	2

	7.  Other Electric Heat from item 10A, page 1
	xxxxxxxxxxxx
	xxxxxxxxxxx

	     A.  Number of 120 volt heaters
	0
	xxxxxxxxxxx

	     B.  Number of 240 volt heaters 
	xxxxxxxxxxxx
	0

	8.  Other Air Conditioners from item 10B
	xxxxxxxxxxxx
	xxxxxxxxxxx

	     A.  Number of 120 volt units
	0
	xxxxxxxxxxx

	     B.  Number of 240 volt units
	xxxxxxxxxxxx
	0

	9.  Other Motor Loads from item 11, page 1
	xxxxxxxxxxxx
	xxxxxxxxxxx

	     A.  Number of 120 volt motors
	0
	xxxxxxxxxxxx

	     B.  Number of 240 volt motors
	xxxxxxxxxxxx
	1

	10.  Additional  Individual Circuits Desired in Residence 

       (for computers, televisions, freezer, furnace fan, etc.)
	xxxxxxxxxxxx
	xxxxxxxxxxx

	      A.  Number of additional 120 volt individual circuits
	4
	xxxxxxxxxxx

	      B.  Number of additional 240 volt individual circuits
	xxxxxxxxxxxx
	0

	
	
	

	11.  TOTAL NUMBER OF 120 VOLT CIRCUITS
	15
	xxxxxxxxxxx

	
	
	

	12.  TOTAL NUMBER OF 240 VOLT CIRCUITS
	xxxxxxxxxxxx
	6


13.  Choose (100, 150, or 200 amp) Circuit Breaker Panel with   28 (minimum)    spaces.

        Note:  Each 120 volt circuit requires 1 space.

                   Each 240 volt circuit requires 2 spaces.

ALLOW CAPACITY AND SPACE FOR FUTURE NEEDS!!!

To allow capacity and space for future needs, a 200 amp panel with 32 or more (preferably 42) spaces is recommended for this house.
[image: image4.png]



Definitions
electrical metallic tubing (emt): thin wall tubing used for wiring installation

main circuit breaker: a circuit breaker between the power source and all circuits

mast: conduit support for service drop wires to sep usually on roof or building

meter: a device which measures and records the number of kilowatt hours of electricity consumed

meter base: also called meter socket; the fixture into which the meter is installed

neutral bar: a metal bar with terminals for attaching the neutral and/or grounded wires in the sep

rigid metal conduit: steel tubing or pipe with a rust resistant finish inside and out, used to install wiring where protection is required

service drop: cable or wires that run from the power supplier transformer to the house or building

service entrance cable: heavy electrical cable used to connect the power supply distribution lines to the meter box and sep

triplex cable: cable made up of bare neutral-wire with two insulated cable used for most service drops to new homes.

voltage drop: the reduction of voltage between the power source and the load, such as a motor
Study Questions #1

1.
Circuit breaker entrance panels have advantages over fuse panels such as:

A.
When overloaded and tripped, it may be reset without replacing it.

B.
Will carry 80 percent of its rated load continuously.

C.
Will take short periods of overload without tripping.

D.
All of the above

2.
Both fuse and circuit breaker service entrance panels are available with main fuses and main breakers that allow disconnecting of power to all circuits.

A.
true

B.
false

3.
Service entrance panels commonly installed in new homes vary in size from ____ amperes to 200 amperes capacity.

4.
From a practical standpoint, you should consider as a minimum requirement for service entrance equipment in a home:

A.
75 amperes capacity

B.
100 amperes capacity

C.
2000 amperes capacity

D.
none of the above

5.
Demand factors take into account:

A.
the different voltages likely to be supplied to the home

B.
the fluctuation normally found in ampere flow

C.
the difference between the maximum capacity of the system and the actual load it is likely to carry

D.
the correction normally employed to compensate for heat loss as electricity is conducted

6.
You need to know the volt-amperes of a water heater but it is not given on the nameplate.  This figure can be calculated by:

A.
dividing the volts by the amps

B.
subtracting the ohms from the volts

C.
adding the volts to the amps

D.
multiplying the volts times the amps

7.
The code states that where it is unlikely that two dissimilar leads (such as heating and air conditioning) will be in used at the same time.

A.
It is permissible to omit the smaller of the loads in computing the total load.

B.
It is permissible to omit the larger of the two loads in computing the total load.

C.
Neither of the loads may be omitted in computing the total load.

D.
The combined load of the two dissimilar load plus 10% must be computed.

8.
Allowance should always be made for some future expansion of the load.

A.
true

B.
false

9.
Match the following service entrance ratings (amperes) to the appropriate sixa copper conductor (awg):

AMPS

AWG

100-


1

110-


4

125-


2

150-


2/0

175-


1/0

200-


3

225-


3/0

250-


4/0

300-


400 KCMIL

350-


250 KCMIL

400-


350 KCMIL

Study Questions #2

1.
The service drop refers to:

A.
The slot in the front door where the postman deposits mail.

B.
The wires from the power source to the house.

C.
The neutral wire which drops from the sep to the ground rod.

D.
The meter pan.

2.
Most service drop installations to new homes are made by use of ______________ cable.

3.
The purpose of drip loop is:

A.
to reduce the velocity of electrical current before entering the meter.

B.
to discourage birds from roosting on the service entrance.

C.
to prevent water from entering the entrance head.

D.
to compensate for expansion and shrinkage during hot and cold periods.

4.
The entrance head must be mounted higher than the service drop to allow more room for the drop loops.

A.
true

B.
false

5.
The minimum clearance above grade for a service drop cable is ____ feet.

A.
6

B.
8

C.
10

D.
12

6.
Agricultural or other truck traffic require _____ feet clearance above grade.

A.
14

B.
16

C.
18

D.
20

Study Questions #3

1.
When using aluminum wire or cable for service entrance connections, you should always be sure the service entrance terminals are labeled:

A.
Al-Cu

B.
Al

C.
No. 8

D.
No. 6

2.
The bare strands of wire wound around the insulated wires of service entrance cable are:

A.
lightning arresters

B.
stability wires

C.
stress wires

D.
wires used to make the neutral when twisted together

3.
The meter is installed in the meter base by the:

A.
power company

B.
the electrician

C.
the contractor or his designated representative

D.
the home owner

4.
Where cable goes through a masonry wall, the hole should be filled with:

A.
mortar

B.
concrete

C.
a mastic type sealer

D.
super glue

5.
The letters EMT stand for:

A.
electrical and mortar terminals

B.
energy monitor transistors

C.
electrical metallic tubing

D.
energized metallic tape

6.
Separate, individual, insulated wires are installed in conduit.

A.
true

B. 
false

7.
The code now permits the use of intermediate metal conduit (IMC) in wiring wherever rigid conduit is required.

A.
true

B.
false

8.
The wall thickness of IMC is:

A.
thicker than rigid conduit, but thinner than EMT

B.
identical to the thickness of non-metallic sheathed cable

C.
the same as EMT

D.
thinner than rigid conduit but thicker than EMT

9.
In most cases where rigid conduit is unavailable, water pipe may be used if it is of sufficient size to accommodate the wires to be pulled through.

A.
true

B.
false

10.
A general recommendation is to install _____ inch conduit for a mast.

A.
2
B.
1

C.
1 2
D.
2

11.
Thin wall conduit (EMT) in residential wiring is sized:

A.
smaller than rigid conduit

B.
larger than rigid conduit

C.
the same as rigid conduit for the same type installation

D.
according to the electrician bid price

12.
The major difference between installing EMT as opposed to rigid conduit in service entrances is in the type of connectors and ___________ used.

13.
Single story houses with low roof lines often utilize a rigid conduit service entrance extending through the roof called a:

A.
pole

B.
yardam

C.
mast

D.
receiver

14.
The meter should be located at a height of:

A.
3 to 6 feet

B.
2 to 4 feet

C.
4 to 7 feet

D.
4 2 to 5 feet

Study Questions #4

1.
The interior of the service entrance cabinet includes:

A.
the main breaker of fuse pullout

B.
the neutral bus bar

C.
the circuit breaker or fuse panel

D.
all of the above

2.
Overheating may sometimes be a problem in service entrance panels.

A.
true

B.
false

3.
If aluminum wire is being installed on the sep, you should apply __________ paste to each terminal and conductor.

4.
To ground the house wiring system, you must connect a ground wire from the neutral bar on the sep to an approved grounding ______________.

5.
The size of the grounding conductor depends upon:

A.
the number of circuits in the system

B.
the size of the service entrance conductors

C.
the square feet in the house or building

D.
the discretion of the power supplier

6.
Bonding is:

A.
a process whereby copper is coated to aluminum wire.

B.
the permanent joining of metallic parts to form a conductive path for electricity.

C.
the posting of money as surely or bond by the electrical contractor.

D.
the taping together of metallic parts to form a conductive path for electricity.

7.
If you connect to the metal water pipe for the grounding electrode, the pipe must be in direct contact with the earth for at least ____ feet.

A.
6

B.
8

C.
10

D.
12

8.
When used as a grounding electrode, a metal underground water pipe must be supplemented by at least _____ additional electrode(s).

A.
1

B.
2

C.
3

D.
6

9.
A water meter or insulated joints in the water line, when used for a ground, must be treated how?

A.
abandon the line

B.
notify the water company not to replace without notification

C.
run a jumper around it

D.
don=t worry about it

10.
Made electrodes are those installed using metal rod, pipe or ____________.

11.
It is not permitted by the code to use underground metal gas piping systems for grounding electrodes under any circumstances.

A.
true

B.
false

12.
Not all power suppliers and public service authorities require the ground wire to be installed in the same manner.

A.
true

B.
false

Laboratory Exercise #1

Determining type and size of service entrance panels and equipment.

Your instructor will provide you with the following:

display of different types and sizes of service entrance panels

fuse - type sep- 100-amp

circuit breaker type sepB 150-amp

circuit breaker type sepB 200-amp

Procedure are as follows:

1.
Explain the types and sizes of service entrance panelB circuit breaker and fuse types, and the capabilities and disadvantages of each.

2.
Compute the size of service entrance required in a 2000 square foot home.
Laboratory Exercise #2
Installing the service entrance panel cabinet.

Your instructor will provide the following:

wiring demonstration panel A

6 inch adjustable wrench

rule

pencil

sep, 150- amp

three 1/4 inch x 11/4 flat head machine screws with nuts and flat washers

screwdriver
electrical drill and a 1/4 inch bit

carpenter=s level

six NO. 8 2 inch flat head wood screws

nail set

Procedures are as follows (figure 21)

1.
Obtain a 150- amp sep.  Position it 12 inches below the upper plate and 12 inches to the right of stud NO. 1.

2.
Use a carpenter’s level to be sure the sep is level.  Using the three holes in the back of the panel as a guide (with a pencil), mark the plywood for the three holes to be drilled, then enlarge the marks with a clew hammer and center punch.

3.
Drill holes at the position marked.  Use as 1/4 inch drill bit.

4.
Obtain three 1/4 inch x 1 1/4 flat head machine screws, nuts, and flat washers.

5.
Fasten the sep securely
Laboratory Exercise #3

Locate the service drop, eyebolt or insulator rack

Your instructor will provide the following:

sketches of 3 different mounting situations to illustrate the problem

Proceed as follows:

1.
Explain the location of the service drip, eyebolt or insulator rack and the reason determining this location.

2.
Indicate the proper mounting of the service drop, eyebolt or insulator rack on at least three different positions.
Laboratory Exercise #4

Installing a meter base

Your instructor will provide the following:

wiring demonstration

meter base

carpenter=s square

four No. 10 1- inch metal screw

claw hammer

nail set

screwdriver

rule

mounting plank, 2 inches x 8 inches x 30 inches

pencil

electric drill, 1/4 inch

drill bits, 1/8 inch and 1/4 inch

four flat washers, 1/4 inch

two 1/4 inch x 4- inch machine bolts

two 1/4 inch wing nuts

Procedures are as follows

1.
Obtain a meter base and mounting peak

2.
Place the meter base on the mounting plank 12 inches from the top.  Be sure the openings in the socket are pointed directly up and down and the meter base is centered on the plank.

3.
Mark the location of the four screw holes with a pencil.  Be sure the meter base is squarely positioned.  Enlarge the marks with a claw hammer and nail set.

4.
With the electric drill and drill bit, drill each hole about 1 inch deep.

5.
Install the No. 10 meter screws and tighten firmly.

6.
Secure the plank to the outside and top of stud No. 1 of panel A using two 1/4 inch x 4 inch machine bolts with wing nuts.  Position the plank so that the top of panel and the side of the plank is flush with the front side of panel A.

Laboratory Exercise #5

Installing cable from entrance head to the meter base.

Your instructor will provide the following:

wiring demonstration panel A

meter base and plank

No. 2/0 three-wire cable

screwdrivers

No. 14 7/8 inch meter screw

three-wire entrance head

6 inch adjustable wrench

nail set

weatherproof connector

antioxidant compound

wire stripper

Procedures are as follows:

1.
Remove the knockout from the top of the meter base.

2.
Install a waterlight connector.

3.
Push the end of the cable into the top of the meter base.  Tighten the weatherproof connector over the cable.

4.
Throughly coat the stripped cable with a suitable antioxidant compound such as alnox or pentrox A13.

5.
Inside the meter base, secure the non-insulated twisted aluminum wire to the center terminal clamp.

6.
Fasten either of the two insulated wires (with one inch of insulation removed) to the terminal clamp at the upper left of the box.  Fasten the remaining wire to the upper right terminal clamp.  Securely tighten with a screwdriver or allen wrench.

7.
Insert the other end of the cable into a service head and secure by tightening the machine screws.

8.
With a 7/8 inch metal screw, install the service head to the plank. 

Individual Learning Activity

Lesson: Basic Wiring – Service Entrance
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.

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

2.  Select service entrance equipment for different jobs.



   3. Select service entrance equipment for a specific job.

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


   5. Draw a wiring diagram using appropriate symbols according to 

       National Electrical Code.


  6. Install service entrance equipment.

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 – Service Entrance
Assignment: 
Choose one of the topics below and research it. With your group, prepare a presentation to teach the class your concept.

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

2.  Select service entrance equipment for different jobs.



   3. Select service entrance equipment for a specific job.

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


   5. Draw a wiring diagram using appropriate symbols according to 

       National Electrical Code.


  6. Install service entrance equipment.

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 – Service Entrance
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.

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

2.  Select service entrance equipment for different jobs.



   3. Select service entrance equipment for a specific job.

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


   5. Draw a wiring diagram using appropriate symbols according to 

       National Electrical Code.


  6. Install service entrance equipment.

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.


Essential Question:

How do you wire a circuit?
Vocabulary
System Grounding

Equipment Grounding
Electrical Metallic Tubing (emt): thin wall tubing used for wiring installation

Main Circuit Breaker: a circuit breaker between the power source and all circuits

Mast: conduit support for service drop wires to sep usually on roof or building

Meter: a device which measures and records the number of kilowatt hours of electricity consumed

Meter Base: also called meter socket; the fixture into which the meter is installed

Neutral Bar: a metal bar with terminals for attaching the neutral and/or grounded wires in the sep

Rigid Metal Conduit: steel tubing or pipe with a rust resistant finish inside and out, used to install wiring where protection is required

Service Drop: cable or wires that run from the power supplier transformer to the house or building

Service Entrance Cable: heavy electrical cable used to connect the power supply distribution lines to the meter box and sep

Triplex Cable: cable made up of bare neutral-wire with two insulated cable used for most service drops to new homes.

Voltage Drop: the reduction of voltage between the power source and the load, such as a motor.
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