
Introducing Electricity and
Electrical Safety

Unit: Mechanical Systems and Technology

Problem Area: Electrical Systems

Lesson: Introducing Electricity and Electrical Safety

� Student Learning Objectives. Instruction in this lesson should result in students
achieving the following objectives:

1 Explain electricity and the kinds of electricity.

2 Explain how electrical service is provided.

3 Define the terminology used in electrical work.

4 Identify and use the safety practices that should be observed in doing
electrical work.

� List of Resources. The following resources may be useful in teaching this lesson:

Burkybile, Carl, and Stanley R. Burke. Modern Agricultural Mechanics, Third
Edition. Upper Saddle River, NJ: Prentice Hall Interstate, 2006.

Johnson, Donald M., Joe Harper, David E. Lawver, and Philip Buriak.
Mechanical Technology in Agriculture. Danville, IL: Interstate Publishers,
Inc., 1998.

Phipps, Lloyd J., Glen M. Miller, and Jasper S. Lee. Introduction to Agricul-
tural Mechanics, Second Edition. Upper Saddle River, NJ: Prentice Hall
Interstate, 2004.

Phipps, Lloyd J., and Carl L. Reynolds. Mechanics in Agriculture. Danville, IL:
Interstate Publishers, Inc., 1992.

Richter, H.P., and W. Creighton Schwan. Wiring Simplified. Minneapolis, MN;
Somerset, Wisconsin: Park Publishing, Inc., 1996.

VAS U3003c. Planning for Electrical Wiring. Urbana, Illinois: Vocational Agri-
culture Service.

VAS U3022a. Safety in the Shop. Urbana, Illinois: Vocational Agriculture Ser-
vice.
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� List of Equipment, Tools, Supplies, and Facilities

� Writing surface

� Overhead projector

� Transparencies from attached masters

� Copies of student lab sheet

� Fuse

� Circuit breaker

� GFCI outlet or breaker

� Terms. The following terms are presented in this lesson (shown in bold italics):

� Alternating current (AC)

� Amperage

� Circuit

� Circuit breaker

� Conductor

� Current

� Direct current (DC)

� Electricity

� Fuse

� GFCI (ground-fault circuit interrupter)

� Insulators

� Kilowatts

� National Electrical Code (NEC)

� Ohms

� Overcurrent

� Phase

� Resistance

� Service entrance

� Service panel

� Single-phase

� Static

� Three-phase

� Voltage

� Voltage drop

� Watts or wattage
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� Interest Approach. Use an interest approach that will prepare the students for the
lesson. Teachers often develop approaches for their unique class and student situations. A
possible approach is included here.

Ask students to identify as many electrical devices at home as they can think of.
Ask students to explain how those devices are able to operate or function using
electricity. Impress upon the students the widespread use of electricity in their
homes, places of work, etc. Explain how the understanding of electricity can
benefit them in their lives. With a good knowledge of electricity and electrical
devices, one can solve electrical problems and repair or replace malfunctioning
electrical devices without hiring an electrician.

SUMMARY OF CONTENT AND

TEACHING STRATEGIES

Objective 1: Explain electricity and the kinds of electricity.

Anticipated Problem: What is electricity and what are the different kinds of electricity?

I. Electricity is the flow of electrons in a conductor. The electrons must have a path to
and from its source. This path is called a circuit. Various electrical devices are used
as a part of the circuit. These devices are used for a variety of activities, such as
turning the electricity off and on, providing electricity to various lights or appliances,
etc. There are two kinds of electricity:

A. Static—made of electrons that do not move. An example is the shock received
between two people who touch after walking on woolen carpet in cold weather.

B. Current—made of moving electrons. This is the type used in our work and daily
lives. Current electricity is in two forms:

1. Direct current (DC)—flows in only one direction. It is usually generated by
battery-base electrical systems and used in the electrical systems of internal
combustion engines or flashlight batteries.

2. Alternating current (AC)—reverses the direction of flow of current many
times each second. AC is the type used in homes, factories, etc.

Ask students to identify the two primary types of electricity used around the
home, work, or the farm. They should already be familiar with the terms AC and
DC. Ask them how the two types are different. Where is each type most
commonly used? What types of loads is each type used on? Use the notes
above to supplement your discussion. Students can use the suggested resources
to aid in understanding the content of the objective.
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Objective 2: Explain how electrical service is provided.

Anticipated Problem: How is electrical service provided?

II. Electrical service begins with a power source, which is usually a large generating plant
with a system of lines to get the electricity to the user. A generator may be used in
case of a power outage, when a loss of power may result in the loss of life, crops,
etc.

A. The materials needed to provide service include conductors and insulators. A
conductor is a material that transmits electricity. Conductors are wires that are
generally made of copper or aluminum. They are used to connect a source to
devices using electricity. Other materials, known as insulators, which are not
good conductors of electricity, are used to confine electricity to the path from its
source to the device being powered. Common insulators are rubber, plastic, and
glass.

B. Service is provided to homes, businesses and other small users of electricity by
three wires from a utility pole. Two of the wires are “hot,” each carrying 120 volts.
The other wire is “neutral,” and provides the return path for electricity. These wires
are connected to a service entrance, which is where the electricity enters a
building. A meter is used in the service entrance to measure the amount of
electricity being used. The service entrance is grounded with a wire connected to a
ground rod driven several feet into the ground. It is needed to provide a return
path to the ground and to carry away stray electrical current out of the system. A
service panel follows the meter. It houses the circuit breakers for the system and
is used to distribute the power to individual circuits throughout the system. When
a circuit uses too much electricity, an overcurrent causes a circuit breaker to trip,
shutting down the power to that circuit. An overcurrent condition exists when the
current flow in a circuit exceeds the amperage rating of the circuit’s conductors,
load(s) or other device(s). The excessive heat caused by an overcurrent condition
may burn or damage a conductor’s insulation and cause a fire. A circuit breaker
is a heat-sensitive switch, which automatically trips when the electricity demand is
too great which causes the temperature in the conductor to get too hot. Some
systems use a fuse rather than a circuit breaker. Fuses have metal links that melt
when the current flow is too great. The size of circuit breaker or fuse is determined
by the size of wire used, which in turn is determined by the anticipated load of a
circuit. Another type of breaker is a GFCI (ground-fault circuit interrupter). A
GFCI is extremely sensitive to circuit imbalances in order to protect people who
are using electrical devices near damp areas such as in bathrooms, kitchens,
outside, etc.

C. Circuits are formed by wires, appliances, and other devices. It is necessary to have
at least two wires to have a flow of current. One wire known as the “hot”
conductor carries the electrical current from the source to the device, while the
other wire known as the “neutral” conductor provides a return of the electrical
current. Circuits with two wires are known as 120-volt circuits and those that use
three wires are 240-volt circuits. 120-volt circuits are used for common uses such
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as lighting and appliances, while 240-volt circuits are used for equipment and
appliances with greater demand, such as clothes dryers, electric ranges, and
heater or air-conditioners.

D. Guidelines for electrical wiring have been established by the National Electrical
Code (NEC) to ensure the safe use of electricity. They provide numerous rules for
safe electrical installations. Local governments may also have codes that apply to
the installation of wires, appliances, and other uses of electricity.

Take students outside of the classroom and show them where the power comes
from the transformer(s) into the school building. They should see the meter and
then go inside and show them one of the circuit breaker boxes used to distribute
electricity to various parts of the building. Come back into the classroom and
use the notes above to lead a discussion of what students saw and how various
types of equipment may be used to create a circuit. Show students the fuse,
circuit breaker, and GFCI that you have brought to class. Use them as you
explain their use and function. You may ask students to go home and follow the
path of electricity from their transformer into their house and then to the service
entrance panel and so forth. If students live in town, ask them if they share a
transformer with neighbors? Students can use the suggested resources to aid in
understanding the content of the objective.

Objective 3: Define the terminology used in electrical work.

Anticipated Problem: What terminology is used in electrical work?

III. Various terms are important in understanding electricity. Some of those terms follow.

A. Voltage is the pressure in a circuit that causes the electrons or current to flow. It
is sometimes referred to as electromotive force (EMF). A volt is the unit by which
electrical pressure is measured with a voltmeter. When electricity must be carried
a long distance through wires, there will be a decrease in voltage, referred to as
voltage drop. Voltage drop occurs due to resistance in the conductors.

B. Amperage is the amount of electrical current flowing past a point in a circuit.
Amperage is measured with an ammeter.

C. Watts or wattage is a measure of electrical power. Electrical power is work being
done by current(amperage) under pressure(voltage) in getting the electrons
through the resistance of wires and machines back to the generator. Units of
1,000 watts are called kilowatts. The relationship between watts(P), amps(I), and
volts(E) is P=I × E.

D. Resistance is the tendency of the wire to resist the flow of electrons or current
through the wire. Within a circuit, electrical resistance is dependent upon size,
length, and the material of the conductor. Smaller diameter wire will have more
resistance than larger. The longer the wire in the circuit, the more resistance.
Finally, silver, copper, and aluminum offer the least resistance to the flow of an
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electrical current as compared to other metals. Resistance is measured in ohms.
The relationship of ohms (R), volts (E), and amps (I) is E=I × R.

E. Direct current (DC) flows in one direction in a circuit. It is often used in
automobiles and tractors. Nearly all the electric current produced for home and
farm use in the United States is 60-cycle alternating current (AC). The direction of
flow of AC is reversed by a generator 120 times per second. Each pair of
reversals—or one back-and-forth motion—is called a cycle. Thus, there are 60
cycles per second.

F. Phase is a timed source of electricity through a conductor. Single-phase is
current from one source with three wires: one hot, one neutral, and one ground.
Three-phase is actually three single phases combined. The three are combined to
give equally spaced peak voltages. Three hot wires and a fourth neutral wire, or
just three hot wires, may by used, depending on the system design.

Have students complete LS–A using a variety of textbook resources. When
students have completed LS–A, discuss the various terms as a class to gain
student understanding. Use TM–A to highlight terms during discussion. Students
can use the suggested resources to aid in understanding the content of the
objective.

Objective 4: Identify and use the safety practices that should be observed in doing
electrical work.

Anticipated Problem: What are some safety practices that should be observed in doing
electrical work?

IV. Electricity is a very safe and economical source of power. However, injury and loss of
life can occur quickly when electricity is improperly used. Property can be destroyed
by electrical failures and fires. Several electrical safety practices are:

A. Avoid damp working areas. Never handle electrical equipment with wet hands or
while standing in a wet or damp place.

B. Protect each circuit. Be certain that each circuit is protected with either a circuit
breaker or a fuse of proper amperage.

C. Ground each circuit properly. Each circuit must have a ground (neutral) wire and a
grounding wire to be properly grounded.

D. Use ground-fault circuit interrupters (GFCIs). To protect the operator who works
outside or in damp locations, make sure the electrical source is protected by a
ground-fault circuit interrupter.

E. Ground electrical equipment. All 120-volt electrical equipment should be equipped
with a three-prong grounding-type plug or be double insulated. Never cut off a
grounding prong just to make the connection work.
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F. Disconnect the main switch. Before making any repairs on an electrical circuit,
always make certain the current has been disconnected to that circuit at the
circuit breaker.

G. Correct the source of trouble. Before resetting circuit breakers or replacing blown
fuses, correct the cause of the trouble. Repair or replace any equipment that gives
a shock when it is used.

H. Purchase safe equipment. Select portable electrical equipment that is grounded
with a three-prong plug or is double insulated. Look for the “UL” label, indicating
that the equipment has been tested and approved by Underwriter’s Laboratories,
Inc.

I. Review local electrical codes. When rewiring a building, follow the local electrical
code.

J. Seek professional help. Instead of using trial-and-error methods when electrical
devices do not function properly, get professional help.

K. Avoid plumbing hazards. Do not locate switches or light fixtures near plumbing
fixtures.

L. Inspect and repair cords periodically. Inspect all extension cords and electrical
appliance cords periodically for exposed wires, faulty plugs, poor insulation, and
loose connections. Correct all hazards found on electrical cords.

M. Open circuits with switches. Never pull a plug from an outlet while the equipment
is in operation. This creates an arc and will eventually foul the plug or the outlet,
which can cause electrical shock or a possible fire.

N. Never make temporary repairs. Make sure all repairs are as good as new. When
splicing wires, be sure all strands are twisted together, the connections are strong,
and the splice is fully insulated.

O. Use electrical cords safely. Do not hang electrical cords on nails or run them
under rugs or around pipes. Avoid using extension cords as permanent wiring
installations.

P. Do not overload circuits. When new equipment is installed, make sure it is
protected by a circuit of proper amperage rating.

Q. Unplug electrical tools. Do not leave a tool plugged in when it is not in use, unless
it is designed for continuous operation.

Students can use the suggested resources to aid in understanding the content
of the objective. Use TM–B to highlight and discuss various electrical safety
practices. You or the students may wish to add to the list. If possible, relate or
discuss real life examples of electrical accidents that students or the instructor
are aware of. You may have students bring in newspaper articles that report
accidents as a result of electricity.

� Review/Summary. Use the student learning objectives to summarize the lesson.
Have students explain the content associated with each objective. Student responses can
be used in determining which objectives need to be reviewed or taught from a different
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perspective. Questions at the end of chapters of textbooks covering this material may also
be used in the review/summary.

� Application. Application may involve the following student activities using attached lab
sheet:

� LS–A: Electrical Terms Worksheet

� Evaluation. Evaluation should focus on student achievement of the objectives for the
lesson. Various techniques can be used, such as student performance on the application
activities. A sample test is attached.

� Answers to Sample Test:

Part One: Matching

1=I, 2=a, 3=d, 4=j, 5=b, 6=e, 7=c, 8=g, 9=f, and 10=h

Part Two: Completion

1. watts

2. three-phase

3. conductors

4. overcurrent

5. service entrance

6. Voltage drop

7. national electric code

Part Three: Short Answer

1. answers will vary but may include:

homes

garages

workshops

agricultural buildings

schools

2. answers will vary but may include:

automobiles

tractors

3. use TM–B as a guide for scoring.
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Sample Test
Name ________________________________________

Introducing Electricity and
Electrical Safety

� Part One: Matching

Instructions. Match the term with the correct response. Write the letter of the term by the defini-
tion.

a. resistance f. alternating current
b. insulators g. circuit
c. voltage h. GFCI (ground-fault circuit interrupter)
d. direct current i. amperage
e. circuit beaker j. service panel

_____1. The amount of electrical current flowing past a point in a circuit.

_____2. The tendency of a substance to resist the flow of electrons or current.

_____3. The flow of electric current in one, constant direction.

_____4. The device used to house the circuit breakers or fuses, which in turn distributes the
power to individual circuits.

_____5. Materials that have high resistance to the flow of electrical current. They are used to
confine the flow of electricity to desired paths.

_____6. A heat-sensitive switch that automatically trips when the electricity demand is too high.

_____7. The pressure in a circuit that causes the electrons or current to flow.

_____8. The path of electric current from its source to the device and back to the source again.

_____9. The flow of current that reverses directions 120 times per second.

____10. A device used to protect people when electricity is being used in damp areas such as
kitchens and bathrooms.

� Part Two: Completion

Instructions. Provide the word or words to complete the following statements.

1. Electrical power is measured in _______________________.

2. In some large applications, multiple transformers can be used to provide electricity so that
there are equally spaced peak voltages. This is referred to as ___________________ power.
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3. Materials that do a good job in carrying electricity with little resistance are called
__________________________.

4. A condition that exists when too much electricity is flowing and the rated amperage of a
circuit is exceeded is called _____________________________.

5. The ___________________ _______________________ is the point where electricity enters a
building.

6. ____________________ _____________________ occurs when electricity is carried through
conductors for long distances. It is a result of the resistance in the conductors.

7. The ___________________ _____________________ _______________ establishes guidelines
for electrical wiring to ensure the safe use of electricity.

� Part Three: Short Answer

Instructions. Provide information to answer the following questions.

1. What are two places where alternating current electricity is used?

2. What are two places or applications where direct current is used?

3. What are five safety practices that one should observe when working with electricity?
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TM–A

ELECTRICAL TERMS

1. Voltage

2. Voltage drop

3. Amperage

4. Watts

5. Resistance
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TM–B

APPROVED SAFETY PRACTICES FOR

USE WHEN WORKING WITH ELECTRICITY

1. Avoid damp working areas.

2. Protect each circuit.

3. Ground each circuit properly.

4. Use ground-fault circuit interrupters (GFCI’s).

5. Ground electrical equipment.

6. Disconnect the main switch.

7. Correct the source of trouble.

8. Purchase safe equipment.

9. Review and follow local electrical codes.

10. Seek professional help.

11. Avoid plumbing hazards.

12. Inspect and repair cords periodically.

13. Open circuits with switches.

14. Never make temporary repairs.

15. Use electrical cords safely.

16. Do not overload circuits.

17. Unplug electrical tools.
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LS–A
Name ________________________________________

Electrical Terms Worksheet

Purpose:

Students will enhance their understanding of electricity by using text materials to answer the
following questions.

1. What is electricity?

2. A _____________________ is the path is provided for electricity to flow from the source to
a point where it is used and then return back to the source.

3. A short circuit occurs when:

4. An _______________________ is used as the unit for measuring the rate of flow of
electrical current.

5. A _________________ is a measure of energy used by an electrical device. When a large
number of these are used, they are referred to as __________________, which is 1,000
watts. When 1,000 watts are used for one hour, this is referred to as a
___________________.

6. ____________________ ____________________ occurs as a result of resistance within a
conductor. It is the loss of electrical pressure and increases as the length of the
conductor increases or the size of the conductor decreases.

7. ______________________ are used to transmit electricity, while ____________________
are used to confine electricity to a desired path so that it may be transmitted.

8. The two most common types of metals used to conduct electricity are
____________________ and _______________________.

9. _____________________, _________________________, and _____________________ are
all common insulators.

10. __________________ ________________ and __________________ are used to protect
electrical systems and devices against overcurrent conditions.

11. In areas where moisture is present, ____________________________ are used to prevent
people from injury or death when working with electricity.
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LS KEY–A

Electrical Terms Worksheet

Answers:

1. Electricity is the flow of electrons in a conductor.

2. circuit

3. A short circuit occurs when electricity takes an incorrect path because wires were
improperly connected or because the insulation around wires failed.

4. ampere

5. watt, kilowatts, kilowatt hour

6. Voltage drop

7. Conductors, insulators

8. copper, aluminum

9. Rubber, plastic, glass

10. Circuit breakers, fuses

11. ground-fault circuit interrupters
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