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Course: AG-AMI-01.421

Agricultural Mechanics I

Unit 3:
Electrical Wiring
Lesson 5:
Basic Electrical Terms and Theories

Georgia Performance Standards: AG-AMI-3 (k-m)
Academic Standards: SPS7, ELA9RC2, ELA12LSV1, ELA9RL5, ELA10W3
National Standards:

Objectives: 

1.
Describe the theory of electricity.

2.
Define electrical terms.

3. 
Identify electrical symbols used in diagrams and floor plans.

Teaching Time:
2 hours
Grades: 9-12

Essential Question: What is the basic knowledge needed to work safely with electricity?

Unit Understandings, Themes, and Concepts:

Students will learn how to describe the theory of electricity. Students will also learn how to identify electrical symbols used in diagrams and floor plans.
Primary Learning Goals: Students will be able to identify and explain the theory of electricity and the electrical symbols used in diagrams 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

References:

Understanding Electricity and Electrical Terms.  AAVIM, Winterville, GA.
Electrical Wiring 
http://www.aavim.com/
Materials and Equipment:

Power Points:
Electrical Terms and TheorypvAG-AG-AMI-01421-3.5

Basic Electrical Theory PPT

Types_of_Electrical_Power_Tammy_H
Electrical Principles and Wiring Materials

Georgia Performance Standards:

AG-AMI-3:  Students will demonstrate the skills necessary for wiring basic circuits safely to industry standards.

k.
Describe and identify the basic principles of electrical theory.

l. 
Define electrical terms.

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

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

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. 

Teaching Procedure

Introduction and Mental Set

Electricity is one of the major power sources for houses, farm buildings, and Agri-businesses.  Understanding how this energy source is produced and delivered to the needed consumer is important.  The types of simple wiring circuit used and how to make minor electrical repairs is useful.  The maintenance of electrical circuits and equipment properly to ensure their long life and safe operation.
Discussion
1. Discuss with students the importance of and contributions made 
    by electricity to our standard of living.

2. Ask students about the things around the home and farm that 
    use electricity.

3. Ask students if they have heard some of the common electrical 
   terms. Ask them if they know what terms mean.
4. Have students read AAVIM's Understanding Electricity and 

    Electrical Terms Chapter 1. * See questions- Appendix B
5. Review the make-up (parts) of the atom with students.
6. Draw atom on chalkboard with different parts (protons, 
    neutrons, electrons). 
7. Point out differences in how electrons are held in orbit (tightly 
    vs. loosely). Example: hydrogen vs copper.
8. Show piece of copper wire to illustrate a conductor.



9.  Discuss with students the electrical theory of producing 


    electricity.


A.
Relationship between Amperes, Volts, and Watts

· Watts=volts x amperes

· Volts=watts/amperes

· Amperes=watts/volts


B.
Ohms Law

· E=Volts

· I=Amperes

· R=Resistance

· I=E/R

· R=E/I

10.
Explain the following terms on the board and have students define: 


a.  Hand out STUDY SHEET A. ELECTRICITY TERMS/NOTES  * See Appendix A



1. ELECTRICITY-

2. ATOM-

3. ELECTRON (-) -

4. PROTON (+) -

5. UNBALANCED ATOM-

6. BALANCED ATOM-

7. LIGHTNING-

8. ELECTRICAL WIRING -

9. CURRENT -

10. AMPERAGE-(AMP}-

11. VOLTAGE-(VOLT)-

12. WATTAGE (WATT) -

13. HORSEPOWER -

14. KILOWATT

15. KILOWATT - HOUR

16. MEGAWATT

17. OHM

18. OHMS LAW - OHMS = VOLTS / AMPS

19. VOLT METER

20. AMMETER

21. OHMMETER

22. WATTMETER

23. AxV=W

24. CIRCUIT - PARALLELL VS. SERIES

25. CONDUCTOR -

26. INSULATOR -

27. GENERATOR -

28. STEP UP TRANSFORMER -

29. STEP DOWN TRANSFORMER -

30. AC -

31. DC -

32. SINGLE PHASE -

33. THREE PHASE -


34. CYCLE - HERTZ- FREQUENCY

11.
Have a pre-wired parallel and series circuit to illustrate the difference.
Illustrate how to read a nameplate on a motor and an electrical tool to show where information can be found in regard to the defined terms.

Electrical Theory
Electricity is of great importance in our daily activities. During our daily routine, lights help us read and in many of our homes electric ovens help us prepare our food. Electricity is the flow of electrons from one atom to another. This flow of electrons is controlled in an electric circuit. Electricity is a convenient and controllable form of energy used in the forms of heat, light and power. 

A basic understanding of the makeup of the atom is necessary before you can understand electricity. The center of an atom contains one or more protons. Each proton has a positive (+) charge. Scientists believe that protons cluster together to form the nucleus of an atom. Electrons are arranged in orbital layers around the nucleus. They move at high speeds. Each electron is negatively (-) charged. This causes it to be attracted to the positive (+) proton. 

In each neutral atom, the number of electrons and the number of protons are exactly equal.  In this manner, the atom is "balanced." For example, a hydrogen atom consists of one proton and one electron . Another example is copper. An atom of copper has 29 protons in the nucleus and 29 electrons in layers orbiting around its nucleus . In substances such as copper, in which some of the electrons are loosely held, an electron exchange may occur between copper atoms. Even though electrons have been ex- changed, the two atoms are still balanced.  Each atom has the same number of protons and electrons. Because of the loosely held electron in its outer orbit which allows for the exchange of electrons, copper is a good conductor of electricity. It is possible, when enough force is present, for an atom to lose one or more electrons and become unbalanced. When one or more electrons are forced on another atom, that atom has a surplus of electrons and is unbalanced.

It is possible for atoms to lose electrons. This imbalance of electrons is present in clouds during a thunderstorm. A result of this imbalance of electrons is lightning. Thunderstorms form as masses of warm air move upward in strong currents. These may be matched by the downward thrust of cold air. As this happens, some atoms lose electrons and become positively (+) charged. Other atoms gain electrons and become negatively (-) charged. Finally, a point is reached where such an imbalance is present that electrons are exchanged between positively and negatively charged atoms in the cloud. This imbalance also sets up an attraction with the positive charges on the ground. This electron exchange between positively and negatively charged atoms causes lightning.

The electricity you use in your home when you turn on a light or run a vacuum cleaner is supplied by the same kind of electron exchange only it flows in a controlled manner through a conductor (wire). This flow of electrons through the conductors is created by the generation of electric power . Electricity may be generated in a number of different ways. These methods include batteries, internal combustion engines. water power and steam power. Approximately 85 percent of all electricity is produced by steam power. Heat for producing steam is supplied from fossil fuel (coal, oil and natural gas), nuclear, geothermal (heat from underground) and solid wastes.

How electricity moves through a circuit

A circuit is the "path" followed by the electrons (current) from the point where they leave the electricity generating facility until they return to it. This continuous flow of electrons is referred to as current or flow of current. As long as electricity is produced, there is a continuous flow of electrons. If electricity is not produced, the flow of electrons stops because the electron shortage is met. All of the atoms become neutral. The circuit  is made up of both a delivery wire and a return wire. The reason both wires are needed is to provide one wire on which electrons leave the electricity generating facility and one on which they can return. The return wire becomes positively (+) charged as electrons are returned to the electricity generating facility. Electrons from neighboring atoms are attracted and tend to move in and make up the shortage and neutralize the positive atoms. At the same time, the atoms in the delivery wire are loaded with too many electrons. That portion of the wire becomes negatively (-) charged. Too many electrons on one side and too few on the other build up electrical pressure. This pressure forces free electrons to move along to supply the electron shortage. In turn, the electricity generating facility takes free electrons from the atoms in the return wire and forces them on atoms in the delivery wire. This wire is usually made of copper. 
Copper is a good conductor of electricity because it gives up electrons freely.

The circuit usually includes a load. The light bulb represents the load on the circuit. The light bulb filament is made of a special smaller wire which is also a good conductor. The same number of electrons that travel through the circuit must travel through the filament. Energy required to push the electrons through the filament is converted to heat. The light bulb glows.  In making the trip from the electricity generating facility through the lamp and back to the electricity generating facility, no electrons are destroyed. Energy is given off by the light bulb in the form of light and heat. The current in a circuit passes through a fuse or circuit breaker. Fuses and circuit breakers are protective devices that prevent too much current from flowing in the circuit. An example of excess current flow is when the delivery wire and return wire are shorted (accidentally brought together). Some circuits require additional protection. Outdoor circuits near swimming pools and circuits used in bathrooms for electrical appliances are examples of circuits which require additional protection because of a greater chance of electrical shock from contact between water and the electrical circuit. Protection for these circuits can be provided by a ground fault circuit interrupter (GFCI).
Parallel circuits provide for dividing the current flow through each light bulb or appliance in the circuit.  Current moves through the delivery wire and divides. Current passes through the first light bulb and the second light bulb. Each light bulb is constructed to allow only as much current to pass through it as is needed. In parallel circuits, if one light bulb burns out the entire circuit is not broken. Current continues to flow through the other light bulbs in the circuit. Most circuits in the home are of this type.

There are four conditions that will break the entire circuit and stop current flow in parallel circuits. They are as follows:

• Main switch off.

• Circuit switch off.

• Fuse burned out, or circuit breaker or ground fault circuit interrupter 

   tripped.

• All lamp filaments burned out.

Conductors and Insulators 

As mentioned earlier, each atom has as many electrons around it as it has protons. Some substances have free electrons, electrons that are held rather loosely. As a result, atoms in such substances can be forced to give up electrons and accept others with relative ease. It is from materials such as these that circuits are made. Since they permit electrons to move readily, they are called conductors. Copper, aluminum, silver and most other metals are examples of good conductors.  Copper is a good conductor of electricity.
There are other materials, such as glass, rubber, plastic, porcelain and paper, whose protons hold tightly to their electrons. They will not release their own electrons nor allow other free electrons to be exchanged between atoms. They are known as insulators or non-conductors. Insulators play an important part in controlling electricity. Wrapping insulating material around a conductor (wire) prevents it from touching another conductor. This keeps current in the proper path. Current is not free to pass to other conductors. Insulating materials that cover the wires (conductors) which connect your lamps and appliances protect you from getting shocked. They prevent your body from completing a circuit to ground. The insulating material also keeps the delivery and return wires apart,

thus preventing a "short" circuit. Thermoplastic Insulation on conductors is a

good Insulator. It does not conduct electricity.

How Electric Current is Measured

You have read about and have seen illustrations of electrons traveling along a conductor. This is similar to water flowing in a stream and is known as "current." When 6,280,000,000,000,000,000 (6.28 quintillion) electrons pass any particular point in a circuit in one second, this is called one ampere. It may also be referred to as amperage. The ampere is the unit of electric current. A 100-watt light bulb requires a current of almost one ampere to make it work properly. To measure this current flow (amperes) you use an instrument called an ammeter. Current must actually pass through the meter if you are to get a measure of the current flow. If no current is flowing, the ammeter reads "0." Since the ampere is a measure of current flow, you can see how important it is to be able to understand. and describe the current carrying capacity of conductors and other electrical equipment. Ampere (or amperage) rating of most heating and power equipment tells you the amount of current needed to operate the equipment properly. It is generally shown on the nameplate. Nameplates on many items of electrical equipment show their ratings in amperes. This tells you what size wire to use in installing a special circuit, as for a clothes dryer or an air conditioner Different parts of your wiring system, such as switches, circuit breakers and fuses, are also rated in amperes. These ratings indicate the greatest amount of current they can safely handle. If more than that amount of current passes through them for a very long period, they will be damaged from excessive heat. Too much current makes a fuse "blow" or a circuit breaker "trip." Fuses and circuit breakers of the proper size will protect the wiring from overheating (and possible fires) and warn you of overloads.

How electrical Pressure is Measured. 

As explained earlier, electrons have to be forced to move through a conductor and around a circuit. The volt is the unit of electrical pressure, the pressure being applied to force electrons through the circuit. This is the pressure that makes electrons move when an appliance starts or a light is turned on. This pressure, generally referred to as voltage, is available in your wiring circuits all the time whether you are using your electrical equipment or not.

When you start an appliance that is a heavy user of electrical energy, voltage may drop slightly. You may see your lights blink. But if your wiring is of the proper size, the drop will not be enough to affect your other equipment. This voltage drop may be detected by using a voltmeter. 

Circuits used for lighting and for small appliances around a home, farm or business are supplied with 115 to 120 volts. Actual voltage may be a few volts higher or lower. This voltage will serve any equipment that has approximately the same voltage marking stamped on it.  

Larger equipment, such as electric ranges and 1h-horsepower motors or larger, is designed for use with 240 volts. In fact, many electric ranges use both 120 and 240 volts to help supply the different heats needed for surface cooking. 

Voltage should change very little when you start using equipment, except in some instances when you start an appliance that is a large user of electricity.

Some motors are designed so they can be connected for use with 120 volts, or they can be reconnected for use with 240 volts, but not both at the same time. Equipment that operates on one voltage will show a high and low voltage on the nameplate, such as "100-120." This means that any voltage between these two figures should be satisfactory for operating that piece of equipment.

When your equipment does not work satisfactorily, a voltage check by your power supplier may show that the circuit voltage is below the voltage shown on the nameplate. If so, you may notice that heating equipment heats slowly, light bulbs give less light, and motors fail to start readily and develop full power more slowly.  When there are three wires, it usually means that both 120 and 24o-volt services are available. On a nameplate is the term "3W." This also relates to voltage. It tells you that the range must be supplied with a 3-wire circuit. This circuit is supplied by a 3-wire service, supplying 120 and 240 volts. You receive both of the voltages needed for an electric range from a 3-wire service. You can usually tell if you have a 3-wire service to your house by checking the number of wires that come from the power pole to your meter, or from the meter pole to you.  If there are three wires, both 120 and 240 volts are available for your use. If the wires are wrapped together count the wires entering the weatherhead.

How resistance to current flow is Measured 
Even when the electrical current flows in a good conductor, some energy is required to force electrons from one atom to the next. This condition is called

resistance. The ohm is the unit of electrical resistance. There are three factors which determine the amount of resistance (ohms) in a conductor.  One is the material of which the conductor is made. Copper and aluminum are commonly used conductors. Another factor is the size (diameter) of the conductor. The larger of two conductors will offer less resistance to the flow of electrons. The third factor is the length of the conductor. It is logical that electrons traveling the shorter distance would meet less total resistance.

Resistance in conductors always generates some heat when current flows through the conductor. Resistance in conductors is a problem you have to

consider in supplying electricity to various outlets in your home and in other buildings. The more current the wires carry and the further it is carried, the larger the wire size should be. Larger wire offers less resistance.

Less resistance means less loss of energy in the form of heat when current is flowing in the wire. Some substances are neither good conductors nor

good insulators. They hold their own free electrons together tightly so they offer greater resistance to current flow. This results in much heat being given off.

An example of such a material is the nichrome wire used in making heating elements in electric ranges, toasters and room heaters. Of course, heat used in

this manner is for a useful purpose. Heat given off by conductors in your wiring system, however, is a complete loss.

Resistance in electrical wires and equipment can be measured with an ohmmeter. An easy way to remember the relationship between amp, volts, and

ohms is OHM's Law. This law is one of the basic standards of electricity. 

Expressed as an equation:

         Volts

Amps = Ohms

Just like all equations, it can be turned around to read:

Volts = Amps x Ohms

Or

         Volts 

Ohms = Amps
Volts x Amperes = Watts
For example:

120 volts x 10 amperes = 1200 watts

A kilowatt is 1000 watts.

A megawatt is 1,000,000 watts.

A kilowatt-hour is the unit of measure by which electric power is marketed. 

Therefore, Kilowatts x Hours = Kilowatt-Hours

7. HOW ELECTRIC POWER IS MEASURED

The amount of resistance In a conductor is determined by three factors: material, size and length. Electric power is measured in terms of watts. It may also be referred to as "wattage." You have learned that amperes is current flow and volts is electrical pressure. But they have to be worked as a team when you talk about power. Neither term by itself gives you a measure of power for turning motors, or for developing heat or light. For example, if you have 15,000 volts available but no free electrons to flow, there can be no power. Or, if you have enough free electrons in a circuit to provide a flow of 3,000 amperes, there will be no power unless there is voltage to make them flow. But, if you combine 15,000 volts and 3,000 amperes, you have enough power for a small city.

Many items of electrical equipment are rated in watts. One exception is electric motors. Most motors are rated in horsepower. You can change horsepower to watts rather easily by figuring 1,000 watts for each horsepower of motor rating if the motor is V2-hOrsepower (hp) or larger. For motors of less than 2-hp use 1,200 watts per hp. A 5-hp motor will be about 5.000 watts at full load. A 4-hp motor will be about 300 watts if it is pulling a full load.  If motors are not fully loaded, they do not develop full rated horsepower, therefore wattage is less. If they are overloaded for a short period of time, they will develop more than their rated horsepower. 

An example of how watts, volts and amperes relate to each other in a practical situation might be shown in the following experience.  You are using a room heater on a circuit protected by a 15 amp circuit breaker. The nameplate on the heater shows 1650 watts and 120 volts. A coffee maker whose nameplate shows 350 watts and 120 volts is added to the same circuit. The circuit breaker is immediately tripped. What caused the circuit breaker to trip?

To determine why the circuit breaker tripped, you must first calculate if the combined amperage of the two appliances exceeds the 15 amp breaker protecting the circuit.

Electrical energy is measured and purchased by kilowatt-hours. The power required for a small food mixer is about 120 watts. Watts measures power for heat and light as well as for motors. liters), or by weight (ounces, grams, pounds or kilograms). For example, you buy gasoline by the gallon, and grease by the ounce or pound. You buy electrical energy by kilowatt-hours (1,000 watt-hours). Watts and horsepower do not give you a measure of the amount of electrical energy a piece of equipment will use. You need another unit which includes the time the equipment is "on." This unit is the watt-hour (Whr). It combines the unit of power (watt) with the time (hour). It is a relatively small unit. A block of 1,000 is more commonly used. One thousand watt-hours equals one kilowatt-hour (kWh). "Kilo" means "1,000." This is the unit of electrical energy you use  and pay for each month. Equipment of more than 1,000 watts is often rated in kilowatts. A kilowatt is 1,000 watts.  A heater with that much wattage should be on its own special circuit. Present-day general purpose and small appliance circuits are of 12-gauge wire which should be protected with a 20-ampere fuse. However, some homes may be wired with the next smaller size wire (14-gauge) for general purpose circuits. With 14-gauge wire, 15-ampere fuses are used. Watts can be measured with an instrument called a wattmeter.

It is customary to buy goods by measure –gallons etc.. For example, you hire a man to mow your lawn. You might rate him as "1 manpower"; but you pay him only for the hours that he works. You pay him by the hour, or manpower-hour.  If you are using a 100 watt light bulb for five hours you figure it the same way

To get the kilowatt-hours of electrical energy, you divide the number of watt-hours by 1,000.  
Types of electric Current  
Current has been previously discussed as flowing in only one direction in a circuit. This is called direct current. On most nameplates, it is abbreviated as "DC." DC is the type of current used in flashlights and automobiles. When electricity was first made available, it was all direct current. DC was found to have a serious disadvantage; it was difficult to deliver over long distances. Direct current is used for home and industrial applications today by converting alternating current to direct current. This converted current is used for radios, TVs, computers, and some large industrial motors.
The current which flows through lights, refrigerators and other equipment in your home, flows first in one direction and then the other It is called Alternating current (AC) flows in one direction, reverses, then flows in the other direction, reverses, and gets ready to start all over again.  This  is called a cycle. Hertz (HZ) is another term for cycles per second.  In most instances, 60 of these cycles occur each second.

Most power suppliers control the power to exactly 60 hertz. Because of this control, your electric clocks keep accurate time. If there should be more cycles per second, your clock would gain time; if less, your clock would lose time. Most equipment for your home is designed for alternating current only. But there are a few items of equipment that will operate on either AC or DC. 

Single Phase and Three Phase 
The terms single-phase and three-phase are confusing to most people. Some users see three wires running from the power pole to their meter and think this means they have three-phase service. This is usually 3-wire single-phase service. This service provides both 120 and 240 volts (or 115 and 230 volts). 

It has two delivery wires and a neutral (return) wire. Three-phase service generally has four wires from the power pole to the meter, three delivery wires and a neutral wire.

Three-phase power line. Either two or three transformers are required to supply three-phase service. There are four wires leading from transformers to the building, 120 and 240 volts can be made available. Even if a three-phase power line passes your property, it does not necessarily mean that you have three-phase service. Single-phase service is often supplied from three-phase lines.

To help you understand the difference between single-phase and three-phase, think of one man driving a tent stake, then compare him with three men driving a tent stake Three men, hitting one after the other, can deliver three times as many blows as one man working by himself. The same is true of three-phase power as compared to single-phase. Three-phase lines are used where large quantities of power are needed. Most homes and farms do not need that much power, so usually they are supplied with single-phase service.

It is possible to get three-phase power from a single-phase line by using a phase converter. A phase converter is a special device that changes single-phase power to three-phase power for motor operation. There is two-phase power but it is not commonly used.

Generating Electricity
Electric energy, more commonly called "electricity," serves millions of people everywhere. Hardly a day goes by without almost everyone using this energy in one way or another.  Causing electrons to flow is called "generating" electric power. Electric energy is not created; it 'is converted (generated) from other forms of energy.

Electrical Energy Generated from Chemical Energy 

Batteries are chemical generators. They have two electrodes submerged in a chemical solution (electrolyte). The electrodes are made of different types of metal or some other materials. The chemical is either acid or alkaline. They are

sometimes referred to as electrochemical cells or batteries.

When the circuit is completed by connecting the two electrodes, current flows within the circuit. This flow is due to a chemical reaction of the electrolyte on the electrodes.

Electrical Energy Generated from Mechanical Generators   

Electric energy is mechanically generated by passing coils of wire through a magnetic field. Both direct and alternating current may be generated by mechanical generators. 
a. DC generator-A simple horseshoe magnet forms a magnetic field as magnetic "lines of force" travel from one pole to the other. A loop of wire supported on a shaft is rotated within this magnetic field. As the loop turns, an electric current is generated in this loop and it flows to terminals (segments) on the commutator. Two stationary contacts, or brushes, touch these commutator segments as the loop of wire rotates. Current generated in the loop is carried by these brushes to an external circuit where it is used as electric energy.  Note that the commutator is in two halves. When the loop of wire rotates one half turn, each brush makes contact with the other half of the commutator. This is necessary to keep the current flowing in the same direction in the circuit.

b. An alternating-current generator, frequently called an "alternator," operates on much the same principle as the DC generator. It has a wire loop also rotating within a magnetic field. It is this rotation of the loop through the magnetic lines of force that generates current in the loop.
The ends of this loop, instead of being connected to segments on a commutator, are each connected to an individual ring called a slip ring. These slip rings are fastened to the shaft and rotate with it. Stationary brushes are in contact with the slip rings. Current is carried through the brushes to an external circuit, which conducts the electric energy to its point of use. During one revolution of the loop, each side passes through the magnetic lines of force, but first in one direction and then in the other. Therefore, current flows first in one direction and then the other, thus producing alternating current.

1. Mechanical Generators 

Mechanical generators are driven by water power, steam power and internal combustion engines. 
a. Water Power- Water flowing from a higher to a lower level can be used to turn a generator. This action is called hydroelectric generation. This type of electric energy generation developed very rapidly after 1910. By now, the best hydroelectric generation sites in North America have been developed. However, there are many good sites remaining in the rest of the world. Large streams are dammed to create reservoirs which provide for a controlled flow of water. There may be more than one dam on the same stream. Water power uses the principle of the water wheel to turn a generator. The "water wheel" is made of metal and it is called a "turbine wheel." The generator is attached to the turbine shaft. Water directed against the turbine blades causes both the turbine and the generator to turn.
b. Steam Power- Approximately 85 percent of all electricity is produced by steam-powered generators (sometimes referred to as thermal-powered= generators). The water is heated in a boiler until it becomes steam. This steam at high temperatures and pressures is directed against the blades or fins of the turbine, causing it to turn. The generator, being connected to the turbine, also turns.
Heat for producing steam is supplied from the following sources of energy:

(1) Fossil Fuel.

(2) Nuclear.

(3) Geothermal.

(4) Solid Waste.

Fuels used in producing steam are as follows: 


(a) COAL is the fuel most commonly used to make steam for generating electric energy. There is still a rather abundant supply of coal and it can be obtained at a relatively low cost. It is found in many regions of the world. When available, a 90-day supply of coal is usually maintained at most power plants. The coal is carried by conveyor belts from a coal pile into the plant. Massive pulverizers literally reduce the coal to dust. The coal dust is

then blown into the fire box of the boiler under high pressure. It is burned almost instantly, creating heat which produces steam.

(b) OIL is also used for fuel in steam generating plants. Most of the oil used is of the heavy residual oil type. For many years, oil was preferred over coal as it was easier to handle and cleaner burning. Therefore, many plants were converted from coal to oil. However, some of these plants are being converted back to coal because of the increased cost of oil and the uncertainty of an adequate supply.

(c) NATURAL GAS is used in some steam

generating plants. Generally, it is supplied on what is called an "interruptible" basis. This arrangement permits the natural gas suppliers to limit or stop delivery during such times as the winter season when additional gas is needed

for heating. Then, electric power suppliers must switch to another fuel, usually oil.
(2) NUCLEAR Generators. There are scores of nuclear plants in operation. The same types of steam turbines used with other fuels are used in nuclear plants. A nuclear reactor produces heat to make the steam. Presently, nuclear plants use fissionable fuel (atom splitting) and, due to design, are not explosive as many people think. For additional safety, they are protected against an accidental radiation leak by steel and reinforced concrete enclosures. Practically no radiation comes from a nuclear plant. You may feel perfectly safe having one next door.  A new development in nuclear reactors is to use a high temperature, high pressure gas to turn the water into steam. This procedure is still relatively new, but is considered to be more efficient than the boiling water system. There is another variation in nuclear power which is considered for future construction. The plant would be constructed on a large barge and would be floated a short distance offshore There it would be secured for operation, using underwater transmission lines. Future nuclear plants may use the fusion process. Heat is produced by fusing two nuclei to form an atom.
(3) GEOTHERMAL generators. All natural geyser areas of the world are potential sites for geothermal electric power plants. Geothermal ·energy is caused by normal seismic faults (breaks in the earth's crust). Water is permitted to seep through the earth's "Surface to heated rocks many-feet below. This water is turned into steam which can then be used to operate steam powered generators (Figuf.e 55). Geothermal energy is limited to certain geographical locations

(4) Internal Combustion Engines

A limited number of electric generators are powered by internal combustion engines.
These engines may be of the following types:

(1) Internal Combustion Turbine.

(2) Diesel Engine.

(3) Gasoline Engine.

(a) INTERNAL COMBUSTION TURBINE.

Power suppliers use internal combustion turbines (heavy duty jet engines) only when necessary to meet a high electrical demand

being placed on the system. This limited use is because of the high cost
of fuel and the low operating efficiency of the unit. Therefore, power
 generated by this method may cost more than the amount charged by
 the power company.

(b) DIESEL ENGINES. Standby generators operated by diesel engines 
 are used by such facilities as hospitals and manufacturing plants in case 

 of power failure.

(c) GASOLINE ENGINES. Portable generators are powered by both 
  gasoline and diesel engines. They are usually mounted on trucks, 

   tractors, trailers, or skids for convenience.
Coal will continue to be the dominant fuel for generating electric energy for many years. The use of nuclear energy will increase, but the changeover may occur very slowly. Hydro, oil, natural gas, solid waste and geothermal wi II

also continue to be used.

In addition, the following methods of generating electric energy are being considered:

a. A liquid metal, fast-breeder reactor

b. Another system is the magneto-hydrodynamic (MHO) generator, which 
    can be used in conjunction with the fossil fuel generating plant. Its 
    use doubles the efficiency of these plants.

c. Solar energy.

d. Wind 
GEORGIA'S ELECTRIC COOPERATIVES

1. Altamaha EMC

2. Amicalola EMC

3. Blue Ridge Mtn. EMC

4. Canoochee EMC

5. Carroll EMC

6. Central Georgia EMC

7. Coastal EMC

8. Cobb EMC
9.  Colquittt EMC
10. Coweta-Fayette EMC

11. Exce lsior EMC

12. FlintEMC

13. Grady County EMC

14. GreyStone Power Corp.

15. Habersham EMC

16. Hart EMC

17. Irwin County EMC

18. Jackson EMC

19. Jefferson EMC

20. Lamar EMC

21. LittIe Ocmulgee EMC

22. Middle Georgia EMC

23. Mitchell EMC

24. North Georgia EMC

25. Ocmulgee EMC

26. Oconee EMC

27. Okefenoke REMC

28. Pataula EMC

29. Planters EMC

30. Rayle EMC

31. Satilla REMC
32. Sawnee EMC

33. Slash Pine EMC

34. Snapping Shoals EMC

35. Sumter EMC

36. Three Notch EMC

37. Tri-County EMC

38. Tri-State EMC

39. Troup EMC

40. Upson County EMC

41. Walton EMC

42. Washington

How Electricity is Transmitted                

As electric energy is generated, it is transformed and transported instantaneously through a network of wires to the consumer. Wires used to transport electric energy are known as transmission and distribution lines. To avoid excessive losses during transportation, voltage and amperage are

altered by the use of transformers. 
To insure uninterrupted service, reserve capacity must be provided by the electric power supplier. Generating plants are subject to mechanical failure at any time, or they may be shut down for routine service. When this failure
happens, the power supplier must be able to replace the lost electric energy immediately. A reserve generator is used or power is purchased from another supplier. A power supplier generally keeps about 20 percent of its capacity in

reserve in case of emergency shutdown.

Since power must be generated at the instant of its use, generating plants are seldom operated continuously at full potential output. Two factors that are used to measure these differences are as follows:

a. capacity factor is the amount of electric energy used as compared to the generating capacity of the power supplier. It is expressed as a percent in a given period of time. It is an indication of the unused, but needed, generating

capability of a power supplier to meet maximum demands.

b. load factor is the ratio of the average load (demand) over a designated period of time to the peak load (demand) occurring in that period.

Transformers  

When transporting electric energy, it is necessary to change the relative amounts of voltage and amperage on the line. Transformers are used. A group of transformers is called a substation. Basically, a transformer consists of two

coils (windings) of wire around an iron core. One coil has more turns than the other. A transformer can be made to "step-up" or "step-down" the voltage by the way it is connected. When the voltage is stepped up, the amperage is reduced in the same ratio. When the voltage is stepped down, the amperage is increased. In either case (according to the formula and disregarding the transformer efficiency loss, watts = volts x amperes), the amount of power (watts) remain the same.
STEP-UP TRANSFORMERS 
Large amounts of electric energy (thousands of volts and amperes) are generated at the power plants. Because of the resistance to the flow of electric energy in the wires, some of this power is lost while it is being transported. It has been determined that by reducing the amperage, the power loss in transmission and distribution lines is also reduced.
Step-up transformers are used at the power plant to increase the voltage and decrease the amperage. As a result, efficiency is increased and smaller transmission wires can be used.
In the step-up transformer, the power source is connected to the coil with the least number of turns. Electric energy is induced in the second coil. Power taken from the second coil has the amperage decreased in proportion to the increase in voltage. This change in voltage and amperage is proportionate to the number of turns in each coil.

STEP-DOWN TRANSFORMERS

Before the power can be used, the voltage is stepped down and the amperage is stepped up. This is done first when transferring power from transmission to distribution lines, and, secondly, when transferring power from distribution

lines to service lines. A step-down transformer is used for this purpose.
In the step-down transformer, the power source is connected to the coil with the greatest number of turns. Power taken from the coil with the lesser turns has decreased voltage and increased amperage.

Transmitting Electricity
Transmission lines are used to move large quantities of electrical energy from step-up transformers at the generating plant  to the general distribution area. 
Voltages range from 36,000 to 750,000 volts. Typical transmission line voltages are 44,000, 69,000, 72,000, 115,000, 230,000, 325,000, 500,000, and 750,000 volts. The distance may be several hundred miles. These are the lines that are supported usually on large steel or aluminum towers that extend more than 100 feet in the air. As the power nears the point of usage, transmission
voltage is reduced by step-down transformers. This voltage reduction may be done at either a transmission substation, a distribution Substation, or both.

Distribution and Marketing of Electricity 

The distribution of electric energy includes transporting it from the transmission step-down transformer to the meter.  Electric energy is distributed by lines that fan out over the countryside from step-down distribution substations to deliver power to the user. There are generally two types of distribution lines. They are as follows:,

- Primary- with voltages ranging from 2,300 to 34,500 volts. Typical 

  primary line voltages are 2300, 4,000, 8,000, 12,000, 8,800,  

            20,000,,25,000 and 34,500 volts
- Secondary – with voltages of 120, 208, 240, 277, and 408volts
Distribution lines may be constructed by the following methods: 
a. Overhead Distribution-The traditional method of distributing 
electric energy to the user has been with wires attached to poles above ground. This method is referred to as overhead distribution 

b. Underground Distribution-Many electric distribution lines are now
      buried below ground. This method is called underground distribution.

    The primary lines come in underground. They are connected to a
     transformer placed on a concrete pad, either above or below ground
     level. The secondary lines, also underground, connect from the
     transformer to the meter. Underground systems are neater in 
     appearance and are better protected from weather hazards
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Summary

Electrical energy is a useful tool in houses, on farms, and in Agri-businesses.  The understanding of how this energy is transmitted from electrical power plants to the consumer can be important information.  The knowledge and skills learned can prevent injury to people as they use electrical equipment in their homes and on the job.

Evaluation

Written test
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Individual Learning Activity

Lesson:
Basic Electrical Terms and Theories
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.
Describe the theory of electricity.

2.
Define electrical terms.

3. 
Identify electrical symbols used in diagrams and floor plans.

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 Electrical Terms and Theories
Assignment: 
Choose one of the topics below and research it. With your group, prepare a presentation to teach the class your concept.

1.
Describe the theory of electricity.

2.
Define electrical terms.

3. 
Identify electrical symbols used in diagrams and floor plans.

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 Electrical Terms and Theories
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.
Describe the theory of electricity.

2.
Define electrical terms.

3. 
Identify electrical symbols used in diagrams and floor plans.

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.


Teacher Notes
Essential Question: 
What is the basic knowledge needed to work safely with electricity?

Vocabulary

electrons
protons
neutrons
circuit breakers
parallel circuits
conductors
volts
APPENDIX A

STUDY SHEET A. ELECTRICITY TERMS/NOTES

1. ELECTRICITY-

2. ATOM-

3. ELECTRON (-) -

4. PROTON (+) -

5. UNBALANCED ATOM-

6. BALANCED ATOM-

7. LIGHTNING-

8. ELECTRICAL WIRING -

9. CURRENT -

10. AMPERAGE-(AMP}-

11. VOLTAGE-(VOLT)-

12. WATTAGE (WATT) -

13. HORSEPOWER -

14. KILOWATT

15. KILOWATT - HOUR

16. MEGAWATT

17. OHM

18. OHMS LAW - OHMS = VOLTS / AMPS

19. VOLT METER

20. AMMETER

21. OHMMETER

22. WATTMETER

23. AxV=W

24. CIRCUIT - PARALLELL VS. SERIES

25. CONDUCTOR -

26. INSULATOR -

27. GENERATOR -

28. STEP UP TRANSFORMER -

29. STEP DOWN TRANSFORMER -

30. AC -

31. DC -

32. SINGLE PHASE -

33. THREE PHASE -

34. CYCLE - HERTZ- FREQUENCY

APPENDIX B
Questions From AAVIM UDERSTANDING ELECTRICITY AND TERMS-Chapter 1
1. DESCRIBE ELECTRICITY.

2. ATOMS ARE MADE UP OF

3. A PROTON HAS A CHARGE.

4. AN ELECTRON HAS A CHARGE.

5. DEFINE NEUTRAL ATOM.

6. WHY IS COPPER A GOOD CONDUCTOR ?

7. DESCRIBE LIGHTNING.

8. DEFINE MOVEMENT OF ELECTRONS.

9. DEFINE CIRCUIT.

10. HOW MANY WIRES MUST A CIRCUIT HAVE?

11. WHAT MAKES A LIGHT BULB GLOW?

12. ARE ELECTRONS DESTROYED?

B. WHAT HAPPENS TO THEM ?

13. WHAT IS A "HOT" WIRE ?

14. NAME TWO TYPES OF CIRCUITS.

15. LIST THE FOUR CONDITIONS THAT WILL BREAK THE ENTIRE CIRCUIT.

16. DEFINE CONDUCTOR.

B. GIVE EXAMPLES.

17. DEFINE INSULATOR.

B. GIVE EXAMPLES OF INSULATORS.

18. WHAT KEEPS ELECTRICITY ON IT'S "PATH" ?

19. DEFINE AMPERES.

B. HOW MANY ELECTRONS = 1 AMP ?

20. WHAT IS AN AMMETER?

21. WHAT HAPPENS TO A FUSE WHEN TOO MUCH CURRENT PASSES THROUGH IT ?

B. WHAT HAPPENS TO AA CIRCUIT BREAKER?

22. DEFINE VOLT.

23. WHAT VOLTAGES DO MOST HOMES USE?

24. LARGE EQUIPMENT USES HOW MANY VOLTS ?

25. DEFINE OHM.

26. LIST THREE FACTORS THAT DETERMINE RESISTANCE.

27. HEAT PRODUCED IN ELECTRIC WIRES IS

28. STATE OHM'S LAW.

29. WHAT IS OHM'S LAW EQUATION?

30. DEFINE WATTS.

31. HOW DO YOU CHANGE HORSEPOWER TO WATTS ?

B. THEORETICALLY, HOW MANY WATTS = 1 HORSEPOWER?

32. DEFINE KILOWATT.

33. DEFINE KILOWATT-HOUR.

34. DEFINE DC. B. DEFINE AC C. WHICH ONE IS USED IN HOME WIRING?

35. DESCRIBE AC CURRENT.

36. WHAT IS THE DIFFERENCE IN SINGLE AND THREE PHASE WIRING?

36 LIST 3 THINGS ELECTRICITY GIVES YOU THAT MAKES YOUR LIFE

Appendix C
Lesson Evaluation

1.
Electricity is the flow of electrons from one ____________ to another.

2.
The flow of electricity is controlled in an electric ________________.

3.
Atoms contain _______________ and _________________.

4.
Each proton has a _______________ charge.

5.
Each electron has a ______________ charge.

6.
_____________ are attached to protons.

7.
The number of electrons and the number of protons are exactly equal in a _________________ atom.

8.
The continuing flow of electrons is referred to as _______________.

9.
In a light bulb filament, energy is given off as _____________ and __________________.

10.
Two protective devices that prevent too much current from flowing are a __________________ and _______________.

11.
Two basic types of circuits are the _________________ and the _________________ circuit.

12.
Are most circuits in your home parallel or series circuits?

13.
Copper, aluminum and silver are examples of good electrical _______________.

14.
Five examples of good insulators are __________, __________, __________, __________, and __________.

15.
The __________ is the unit used to define electric current.

16.
To measure current flow (amperes) you use an instrument called an ___________________.

17.
Important information such as ampere rating is listed on the equipment _________________.

18.
Electrical pressure is defined by a unit called________________.

19.
How can you determine if three-wire service is supplied to your house_________________.

20.
The unit of electrical resistance is the _________________.

21.
What are the three factors that determine the amount of resistance (ohms) in a conductor?

22.
Define Ohms law.

23.
What are the equations used to express Ohms law?

24.
Electric power is measured in terms of _____________.


25.
A kilowatt is equal to ____________ watts.

26.
You may purchase electrical energy in the form of ______-hours.

27.
The two types of current are ___________ current and _________ current.

28.
The type of current that flows in only one direction is __________ current.

29.
____________ current is the type of current that flows in one direction, reverses, then flows in the other direction.
Exam Answers
1.
place

2.
circuit

3.
electrons and protons

4.
positively

5.
negatively

6.
neutrons

7.
neutral


9.
current

10.
light and heat

11.
fuses and circuit breakers

12. 
parallel and series

13.
parallel circuits

14. 
conductors

15.
Glass, vinyl, rubber, asbestos, air and wood are all acceptable.

16.
ampere

17.
ammeter

18.
name plate

19.
volts

20.
Single-phase service uses three wires: two hot and one neutral ground.  Three-phase service uses four wires: three hot wires and one ground.

21.
ohms

22.
length of run, cross sectional area, and temperature of the conductor

23.
Volts equal the amperes multiplied by the resistance.

24.
Volts = E, Amperes = I, and Resistance = R

E = I x R   or     I = E / R   or    R = E /  I

25.
1000

26. 
kilowatt

27.  
direct and alternating

28.
direct

29.
alternating
CIRCUIT- path followed by electrons from and back to the source.
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