Course:
02.461
Physical Science Applications in Agriculture

Unit 8:
DC Electrical Systems and Electronics in Agricultural Equipment
Lesson 1:
Electrical Units and Ohms Law

QCC:
 175, 180, 184
Objective: 

1. 
Use Ohm=s law to solve unknown properties of electrical circuits.

2. 
Illustrate electron flow.

3. 
Demonstrate how electricity is generated.

4. 
Illustrate ten safety precautions to follow when working with electricity.

Teaching Time:

3 Hours
References:

Johnson, Donald M.; Harper, Joe; Lawver, David E. & Buriak, Philip. Mechanical 
Technology in Agriculture. Interstate Publishers, Inc. Danville, IL. 
ISBN: 0-8134-3017-8.
Materials and Equipment:

Refer to reference text

Teaching Procedure

Introduction and Mental Set 

Modern agriculture depends on electricity. Each year, about three billion dollars are spent for electricity used in producing crops and animals in the United States. Uses of electricity in agriculture are numerous. The range from cooling milk to warming baby pigs, and from powering irrigation systems to controlling environmental conditions in greenhouses.

Discussion
1.
Relate electricity to the structure of elements and atoms.
A.
Elements - are substances that cannot be broken down into simpler substances using ordinary chemical methods.

B.
Without losing physical and chemical properties. Atoms are composed of protons, neutrons, and electrons. 

· Protons - have a positive charge. 

· Neutrons - have no electrical charge. Together, protons and neutrons make up the nucleus, or center, of each atom.

· Electrons - have a negative electrical charge and orbit the nucleus of an atom in rings (or shells).

2.
Explain conductors, insulators, and semiconductors.
A.
Conductors - Some materials allow electricity to flow through them easily.  Examples include:

· Copper

· Aluminum

· Silver

· Gold

B.
Insulators - A material that does not allow electricity to flow through it under normal conditions.  Examples include:

· Rubber

· Porcelain

· Glass

C.
Semiconductors - A material that is neither a good conductor nor a good insulator. Examples include:

· Silicon

· Germanium

3.
Explain the conventional and electron theories of electrical current flow.
Electricity is the flow of electrons from atom to atom in a conductor. Two different theories have been developed to describe electricity.

A.
Conventional Theory - electricity is the flow of positively charged particles through a conductor. Like electrical charges repel each other while unlike electrical charges attract each other. Since this theory assumed that electricity was the flow of positively charged particles through a conductor, current flow in an electrical circuit was assumed to be from positive to negative.

B.
Electron Theory - electricity is the flow of negatively charged particles (electrons) through a conductor. Since like charges repel each other and unlike charges attract each other, the flow of electrons (and thus the flow of electricity) in a circuit is from negative to positive.

4.
Describe how electricity can be generated by friction, heat, light, pressure, chemical reactions, and magnetism.

A.
Friction - is caused when two (or more) materials rub against each other. (Explain to the class in more detail.)

B.
Heat or Temperature Difference - difference can be used to generate electricity using a simple device called a thermocouple. (Explain thermocouple and thermopile to the class.)

C.
Light- The sun is the major source of natural energy. A solar (or photo) is a device for converting light into electricity through a process known as the photovoltaic effect. (Explain photovoltaic effect in more detail to the elms.)

D.
Pressure - the phenomena by which certain quartz crystals produce electricity when subjected to pressure. (Explain the piezoelectric effect in more detail to the class.)

E.
Chemical reactions - reactions between certain chemicals can be used to produce electricity.

· Batteries - explain to the class about electrodes, electrolyte, ions, primary batteries, and secondary batteries.

· Fuel cells - explain to the class about fuel cells.

F.
Magnetism - Using magnetism to produce electricity is the most common method of producing electricity. (Explain the basic principles of magnetism.)

· Magnetic induction - Any time a conductor cuts across a magnetic field (or a magnetic cuts across a conductor), electricity will flow in the conductor.

5.
Describe the difference between and applications of direct current (DC) and alternating current (AC) electricity.
A.
Direct Current- or DC electricity, the electrons flow in only one direction.

· Define polarib to the class as it relates to direct current.

B.
Alternating Current - AC electricity flows first in one direction, stops, reverses and flows in the opposite direction.

· Define cycle to the class as it relates to alternating current.

6.
Define and safely measure voltage, amperage, resistance, watts, kilowatts, kilowatt-hours, and power factor.
A.
Voltage - the electromotive force (emf) that causes electrons to flow through a conductor, or voltage is the electrical pressure that causes electron flow.

· Volt - the unit of measurement for voltage.

· Measuring Voltage- explain and demonstrate to the class how a voltmeter works, and how to properly connect it so not to damage the voltmeter, but more importantly how not to get oneself electrocuted.

B.
Amperage- Electrical current is the flow of electrons through a circuit.

· Amperes - explain amperes to the class.

· Milliampere - explain milliampere to the class.

· Measuring Amperage- explain and demonstrate to the class how an ammeter and/or voltmeter works, and how to properly connect it so not to damage the ammeter and/or voltmeter, but more importantly how not to get oneself electrocuted.

C.
Resistance- is that characteristic of any material that opposes the flow of electricity

· Ohm - the unit of measurement for resistance. (The Greek letter  Q  is the symbol for ohm.)

· Explain how length of conductor affects resistance (ohms).

· Explain how cross-sectional area affects resistance (ohms).

· Explain how temperature affects resistance (ohms).

· Measuring Resistance (Ohm's) - explain and demonstrate to the class how an ohmmeter works, and how to properly connect the ohmmeter so not to damage the meter, but more importantly how not to get oneself electrocuted.

Warning: Resistance (Ohm's) measurement cannot be made on a "live" circuit. Attempts to do so will likely result in equipment damage and/or personal injury.

7.
Solve circuit problems requiring the use of Ohm's Law.
One volt was defined as the amount of electrical pressure required to cause one ampere of current to flow in a circuit having one ohm of resistance. This relationship between voltage, current, and resistance serves as the basis for Ohm's Law.

A.
E=I x R  where,

E = Voltage

I= Current (measured in amperes)

R= Resistance (measured in ohms)

· Example:  Assume that 6 A of current flows in a circuit having a total resistance of 20 ohms. What is the circuit's source of voltage?

B.
E=I x R

E = 6A x20 ohms

E = 120 volts

· The Ohm's Law equation can be rearranged to solve for any of the three values as long as the other two values are known.

· Example:  Assume that you want to know how much current will flow in a 240 V circuit containing a total resistance of 45 ohms.

C.
I = E/R

I= 120 V / 45 ohms

I = 2.7 A

· If voltage and current are known, the Ohm's Law equation can also be rearranged to solve for resistance.

· Example:  What is the resistance in a 12 V circuit, if 1.2 A of current is flowing in the circuit?

D.
R = E / I

R = 12 / 1.2A

R = 10 ohms

· Ohm's Law is based on and describes the relationship between voltage, current and resistance in an electrical circuit. The Ohm's Law formula has many practical uses in working with electricity.

8.
Describe the mathematical relationship between voltage, amperage, resistance, watts, and power factor in AC and DC electrical circuits.  Define:

A.
Work

B.
Power

C.
Watt

· Formula: W = E x I x pf

where,

W = power, in watts

E = voltage

I= current, in amperes

pf = power factor

D.
In all DC circuits, power factor is equal to one (1). Also, in AC equal to one (1). Since multiplying any number by one (1) does not change the value of the original number, the power factor term may be deleted from the formula when calculating the wattage for DC circuits and for AC circuits containing only resistance. Deleting the power factor term produces the simplified power equation given as:

· W = E x I where, 

W = power, in watts 

E = voltage 

I = current, in amperes

· Example:  Assume that a 12 V DC electrical circuit has a current flow of 2 A. How many watts of electrical power are being used?

W=E x I

W = 12 V x 2 A

W = 24 watts

E.
Kilowatt

· Example:  Assume that an electric space heater draws I5 amps when connected to a 120 V AC circuit.  How many kilowatts of electricity is the heater using?

kW = W / 1000 or (E x I) /1000

kW=(120V x15 A)/1000

kW = 1800/1000 kW = 1.8

F.
Kilowatt-hour

· kW-hr = kilowatts x hours of use

Example: Assume the 1.8 kW electric heater is used for 40 hours. How many kW-hrs of electrical energy will be consumed?

kW-hrs = kilowatts x hours of use 

kW-hrs = 1.8 kW x 40 hrs 

kW-hrs = 72

Summary
Electricity is widely used in agriculture. Because of this widespread use, agricultural workers need a basic understanding of and appreciation for electricity.
Evaluation
Students calculate electricity using various formulas for Ohm's Law
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