Course:
02.461
Physical Science Applications in Agriculture

Unit 5:
Energy and Power Systems
Lesson 8:
Physical Properties of Electrical Circuits

QCC:
 175, 180, 184
Objectives: 

1. 
Define conductors, insulators, devices, fixtures, boxes, and panels.

2. 
Compare physical properties of electrical conductors.

3. 
Demonstrate amperage, voltage, and resistance measurements using an electrical tester.

4. 
Demonstrate space requirements to heat generated for wire housing materials.

Teaching Time: 
6 Hours
References: 

Understanding Electricity and Electrical Terms.  AAVIM.  Winterville, GA.

Electrical Wiring.  AAVIM.  Winterville, GA

Buriak, Philip & Edward W. Osborne. Physical Science Applications in Agriculture. 
Interstate Publishers, Inc. Danville, IL. 1996.

Buriak, Philip & Edward W. Osborne. Lab Manual: Physical Science Applications in 
Agriculture.  Interstate Publishers, Inc. Danville, IL. 1996.
Materials and Equipment:
Materials and equipment needed are listed in the text references.

Teaching Procedure
Introduction and Mental Set
Display samples of conductors, insulators, devices, fixtures, boxes, and panels. Have the students identify those samples that have markings, letter, etc. on them, and explain what the markings mean.

Discussion
1. 
Discuss with students the meanings of what acme of the samples are and the marking and letters found on them.
2.
Define the following terms.
A.
Conductor - a conductor is a material that allows electrons to move readily through the material. 

· These materials hold their electrons loosely and can be forced to give the electrons up and accept other fairly easily. 

· Copper, aluminum, silver and most metals are examples of good conductors.

B. 
Insulators - Insulators will not release their own electrons nor allow other free electrons to pass. 

· Glass, rubber, plastic, porcelain, and paper, whose protons are held tightly make good insulators.

C. 
Devices - A device is a unit of the electrical system which is intended to carry, but not use electricity. 

· Examples of devices are switches and receptacles.

D. 
Fixtures - Fixtures refers to lighting fixtures on walls or ceilings. 

· Lighting fixtures are available in many sizes, styles, and shapes.

E. 
Boxes - Boxes contain all connections and splices made using conductors and devices and outlets. 

· There are many different types, sizes, and kinds. 

· Most boxes are made from galvanized sheet steel or plastic.

F.
Panels - Panels is that equipment necessary to supply a structure or building with power, provide over current protection and a means of disconnecting from power from the source. 

· A better name is service entrance equipment.

3.  
Distribute handout 5.8.1, Electrical Circuits, and have the students read it.  Key points to review include:

A.
The three components of an electrical circuit

B.
What are common conductors of electricity?

C.
Why is voltage drop expensive to agricultural producers?

D.
What is a complete circuit?

4. 
Activity
Conduct the lab Conducting Electrical Current: Circuits Conductors & Insulators. Source: Physical Science Applications in Agriculture Lab Manual pages 243 - 252.

5. Demonstrate amperage measurements by setting up an electrical circuit of one lighting fixture controlled by a single pole switch. 

           A.
Connect the ammeter so the current must pass through the                            meter. 

B.
When the switch is on, notice the ammeter measured and note there is no reading when the switch is in the off position.

6. 
How is voltage measured?
A.  
With a volt meter.

B. 
This can be demonstrated by connecting the volt meter to both the delivery wire and the return wire the circuit wired up to demonstrate amperage measurements. 

· Note there is voltage on the conductors whether the switch is in the on position or the off position. 

· There may a slight voltage drop when the switch is on if the light bulb is big enough. 

· It is like when you see your lights blink at home when another piece of electrical equipment is turned on in the house.

C.
A more complete lab on voltage is the one called Function of a Voltmeter. Source: Physical Science Applications in Agriculture Lab Manual pages 277 - 286.

7.
How is resistance measured? 


A.
An ammeter can be used to measure resistance of varying degrees found in different lengths of conductors, different diameters of conductors, and conductors made from different materials.

B. 
To demonstrate one measurement, connected to both the delivery wire and the return wire in the circuit connected above. 

· When the switch is on, there will be an ohm reading. 

· To demonstrate different readings, either different circuits can be made using different materials as conductor materials, lengths, or diameter vary. 

· Another option is to use existing circuits within a working service entrance panel to demonstrate different ohm readings.

C. 
A more in depth, safer, and math related lab would be the use of the lab, Ohms Law Circuit. Source: Physical Science Applications in Agriculture Lab Manual pages 253 - 262.

Summary
Observations can be made that different sizes of wires are required to carry the load express in amps when they are protected by different types of insulations. This may be noted by studying the tables in the AElectrical Code@, dealing with Minimum Wire Sizes for Amperage Loads and Distances. Demonstrations may be done to demonstrate the insulation heat when different loads are applied to different drop cords. Equipment using large amounts of electricity will heat the cords up to a different degree depending on the conductor size found in the cord and the insulation materials. Care must be taken not to leave this type of demonstration unattended because it could cause a fire.

Evaluation

Laboratory activities

Written test

5.8.1
ELECTRICAL CIRCUITS
Information Sheet
There are three basic components of an electrical circuit: voltage, current, and resistance. Voltage is a measure of the pressure of an electromotive force. In agricultural settings, the pressure or source of alternating current is usually the power company and voltage is carried over power transmission lines to a central point at the home or farm. Batteries are common sources of direct current voltage needed to start engines on agricultural equipment.

Current is the flow of electrons through a conductor. Common conductors are copper or aluminum wire. Most metals are good conductors of electricity with copper and aluminum being the most economical. Resistance is the third component of a circuit and is measured in ohms. Resistance is any device which consumes electricity. Common consuming devices in agriculture include motors, lights, and heaters.  The starter on a car is an example of a consuming device (resistance).

Most electrical circuits in agricultural settings contain several consuming devices. These devices (resistance) may be located in a circuit in configurations known as either series or parallel.  The main circuit from the central power transmission pole is normally a series circuit, but most circuits within a building such as a home or barn are parallel circuits. There are advantages and disadvantages to both series and parallel circuits which will be discussed in this lab.

An adequate electrical wiring system is essential for maintaining most agricultural enterprises in an efficient, safe and productive manner. The system must provide sufficient electricity for present and future needs. The buildings of a farmstead are generally spread over long distances which can make it difficult to provide ample electrical power without excessive voltage drop. Voltage drop must be considered when selecting the size of wire to run from the main service entrance to other buildings. In many cases wire size must be increased to reduce voltage drop. Voltage drop can be calculated utilizing Ohms Law.

5.8.1
ELECTRICAL CIRCUITS
Information Sheet
Voltage drop can be costly to agricultural producers in two ways. Part of the power paid for is wasted by overcoming resistance in the circuit and is not available for use at the appliance or load. Loss of power also means a loss in operating efficiency for equipment. A 5 percent voltage drop produces a 10 percent loss of heat in a heating appliance. A 17 percent loss of light from

an incandescent light bulb, or a 10 percent loss in power output from a motor. The National Electrical Code recommends that voltage drop be held to not more than 3 percent for farm power or heating loads and not more than 1 percent for lighting loads or a combination of lighting, power and heating loads.

To effectively and safely use electricity, it is important to understand some of its basic principles. Electrical devices used for agricultural purposes require current, the flow of electrons along a conductor. Current electricity flows to devices through a complete circuit. These circuits commonly consist of 1) a source of power, 2) a path for the electrical current to follow, and 3) a load which converts electrical energy into heat, light, or power.

Electricity flows through conductors which are usually wrapped in a material called an insulator. Safety is a primary concern when using electricity for agricultural purposes. Normally, wet or damp conditions exist where electricity is being used on the farm. Animals are naturally grounded and are more likely to experience electrical shocks than are humans. While electricity can be very useful, it can also be deadly. Protecting animals and humans from contact with electricity is as important as using it for saving labor.
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