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Lesson Title: Wire Resistance

Draft Date: August 15, 2010
1st Author (Writer): Tracy Rumbaugh

Industry Partner: Conductix Wampfler 

Instructional Component Used: Ohm’s Law

Grade Level: 6-8, Middle

Content (what is taught): 

· Thickness (cross sectional area of the wire), length, and temperature all have some affect on the amount of resistance created in a conductor

· An additional factor is the conductivity of the material; some metals are more electrically conductive than others

Context (how it is taught):

· Teacher displays various slip rings made by Conductix Wampfler of Omaha, NE
· Students make observations about the various metals used and the thickness of the metal rings in each slip ring
· Resistance in wire lab – Students observe the brightness of a light bulb to determine how thickness, length and temperature affect the current in the electrical circuit

Activity Description:

In this lesson, students will investigate the resistance in wires.  The teacher will begin by displaying various slip rings made by Conductix.  Ideally this will be done with small slip rings on loan from Conductix that students may observe first hand.  Due to the size of some of the slip rings, a video conference link may be set up with an engineer from Conductix. As an alternative, students may look through the on-line product catalog (see resources).  Students will make observations about the metals used in each ring and the thickness of the rings in each slip ring. Students will infer how the thickness of the wire, the length of the wire, and the metal used affects the resistance in the wire.  Students will test their hypothesis by observing the brightness of a light bulb in a circuit.  

Standards:
Science: A1, A2, B1, B2
Technology: A3, C1, C2
Engineering: A1, A2
Math: E2, E3

Materials List: 

· 28 gauge copper wire

· Alligator clips

· ½” copper, brass and silver electrodes

· Small light bulb

Asking Questions: (Wire Resistance)
Summary: Students will observe various slip rings and infer how the thickness of wire and metal used affects resistance in the wires. 

Outline: 

· Present slip rings made by Conductix Wampfler of Omaha, Nebraska
· Students make observations about the thickness and type of metal used in each slip ring

· Students ask questions about what each slip ring was built to power

Activity: The teacher will begin by displaying various slip rings made by Conductix.  Ideally this will be done with small slip rings on loan from Conductix that students may observe first hand.  Due to the size of some of the slip rings, a video conference link may be set up with an engineer from Conductix. As an alternative, students may look through the on-line product catalog (see resources).  Students will make observations about the metals used in each ring and the thickness of the rings in each slip ring.  Students will be able to ask questions about what each slip ring is made to power.
As students become interested throughout the demonstration ask these questions:

	Questions
	Answers

	What are the different metals used by Conductix Wampfler?
	Conductix uses brass, copper and silver.

	Is there any relationship between the metal used and the size of the slip ring or what the slip ring is made to power?
	Silver is the best conductor, but the most expensive of the three metals.  Copper seems to be used the most often used. Copper is second to silver in conductivity and less expensive.  Brass is less corrosive due to its zinc content.

	What are the differences in size of wires used on the slip rings made by Conductix Wampfler?
	Various sizes, some small enough to hold in hand, some very large.

	Is there a relationship between the size of the slip ring and what it is made to power?
	Yes, the largest slip rings are used to power heavy industry equipment.


Resources:  

Conductix Wampfler Slip Ring Product Guide:  

http://www.conductix.us/productline.cfm?Ids=473,469,471,470,468,472,475,467
Exploring Concepts: (Wire Resistance)
Summary: Students will investigate the relationship between the length of the wire and resistance.

Outline: 

· Students will work in pairs to build a simple circuit.

· Students will observe the brightness of a light bulb to determine how the length of the wire affects the current in the electrical circuit.
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Activity: In this lesson, students will investigate the amount of resistance in a 28 gauge copper wire when used in a simple circuit to light a small light bulb.  Students should have several lengths of 28 gauge copper wire.  A circuit should be constructed using the different lengths of wire and observations about the length of wire and brightness of the light bulb should be recorded.

Instructing Concepts: (Wire Resistance)
Ohm’s Law

Putting “Ohm’s Law” in Recognizable Terms: Ohm’s Law is a mathematical relationship that is present in electric circuits.  The version discussed here is for direct current but it is possible to modify Ohm’s Law to work for alternating current. 

Putting “Ohm’s Law” in Conceptual Terms: Ohm’s Law shows how current (I), voltage (V), and resistance (R) are related in an electric circuit.  Current is the continuous flow of electrons in a conductor.  This movement is called flow and is similar to water moving through a hose. Voltage is the energy per unit charge that motivates the flow of electrons in an electrical circuit.  Electrons move through the conductor with some degree of friction.  This friction is call resistance.  
Putting “Ohm’s Law” in Mathematical Terms: Ohm’s Law is a mathematical formula that relates the voltage (V), current (I), and resistance (R) in an electrical circuit.  The formula states that 
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 where unit of voltage is Volts, current is Amperes, and resistance is Ohms (
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).  This equation can be transformed into two other formulas.  These are 
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.  Each case is equivalent to the others but depending what you are trying to find one is easier to use. If current through a resistor is measured for different voltages and the data is graphed, you will find a linear relationship. If voltage is plotted on the y-axis and current on the x-axis, the slope of the resulting line will be the resistance.

A derivation of Ohm’s Law states that: 
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where R is resistance, 
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is the length of the wire, A is the cross-sectional area of the wire, and 
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is the electrical resistivity. NOTE: 
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is specific to each metal.

Putting “Ohm’s Law” in Process Terms:  The relationship between voltage, current, and resistance is fixed.  The current (I) is directly proportional to the voltage (V) and inversely proportional to the resistance (R).  If one of the values is held constant the other two will change very predictably.  Be sure to note that temperature needs to remain constant for Ohm’s Law to apply.  Resistance increases as the temperature increases, so if the temperature changes, the values must be measured again and a new equation created.

Putting “Ohm’s Law” in Applicable Terms: This law is important in many applications.  In science and industry one goal is to reduce the resistance of electrons to flow in the circuit.  This resistance creates heat that can be harmful in computers or other settings where electricity is present.  Ohm’s law gives you an easy way to compute resistance.  
Organizing Learning: (Wire Resistance)
Summary: Students will investigate the relationship between the thickness (cross sectional area of the wire), type of metal used, and resistance.

Outline: 

· Students will observe the brightness of a light bulb to determine how the thickness of the wire affects the current in the electrical circuit

· Students will test varying thickness of wire in the circuit

· Students will test other metals in the circuit

Activity: In this lesson, students will investigate the amount of resistance in a 28 gauge copper wire when used in a simple circuit to light a small light bulb.  Students will observe the brightness of the bulb in the circuit and measure the resistance in the wire using a multimeter. Students will change the wire to a ½” copper electrode and measure the resistance using the multimeter.  Students will change the metal from copper to brass and repeat the tests.   Students will change the metal from brass to silver and repeat the test.  Students will record results of each test for comparison.  

Resources:

Animation of the Wire Experiment: http://www.hyperstaffs.info/work/physics/child/main.html
Chart for Comparison:

	Metal
	Brightness of Light Bulb
	Resistance (Ohms)

	Copper wire
	
	

	Copper electrode
	
	

	Brass wire
	
	

	Brass electrode
	
	

	Silver wire
	
	

	Silver electrode
	
	


Understanding Learning: (Wire Resistance)
Summary: Students will be assessed on the relationship between the thickness (cross sectional area of the wire), the length of the wire, the type of metal used and resistance.

Outline: 

· Formative assessment of resistance in wires

· Summative assessment of resistance in wires

Activity: Students will perform written and performance assessments on Ohm’s Law.

Formative Assessment

As students are engaged in the lesson ask these or similar questions:

1) Were students able to create a circuit and measure the resistance?

2) Will the resistance increase, decrease, or stay the same when you change the thickness of the wire in the circuit?

3) Will the resistance increase, decrease, or stay the same when you change the metal used in the circuit?

Summative Assessment

Students can answer the following writing prompt:
Explain how resistance, wire length, cross-sectional area, and the type of metal are related.  What will happen to a light bulb in a circuit if the length of the wire is increased? Decreased? Becomes thicker?

Performance Assessment:

Using the experiment in this lesson to answer the following questions:

1) What type of relationship exists between the wire and current?  How does your data support this?

2) Draw conclusions about resistance based on your data?  How does resistance appear to depend on thickness? Type of metal?

3) Compare the cross sectional area (thickness) of wire to the cross sectional area of a hallway.
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