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Content (what is taught): 
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Ratios
· Creation of data tables
· Calculate changes in voltage
· Identify and determine the variables associated with stepping up and stepping down voltage.
Context (how it is taught):

· Design and build three different gear ratio systems
· Count the number of teeth on each gear and enter it on the table
· Calculate the ratio by dividing the number of teeth in gear one by the number of teeth in gear two
· Using the ratio of each system, a change in energy input to the energy output can be calculated for each of the systems
Activity Description:

This lesson will teach that a ratio can be calculated using gears with different numbers of teeth. The students will design and build three different gear systems, make sure that one system has a bigger gear first and a smaller gear second.  Students will count the number of teeth on each gear and will write that down on a table. Using the information in the table, students will calculate the ratio between the two gears. Give the students an amount of energy being used to turn the first gear and have the students calculate the change in the amount of energy in versus the amount of energy out of the second gear. The students will then use pictures of different size Step-up and Step-down transformers, count the turns of wire and calculate the changes in voltage using the ratio obtained from the difference in turns of wire.

Standards: 

Math: MA1, ME2




Science: SB3, SA2, SF5
Technology: TF4, TC4, TA3



Engineering: EA1

Materials List: 

· Gear Kit

· Cardboard

· Calculator

· Notebook

· Pictures of Different Size Step-up and Step-down Transformers

Asking Questions: (Electric Current – Transform It!)

Summary: Students will be asked to consider the meaning of the term ratio and how it relates to change in voltage in a transformer.

Outline:

· Students will consider the meaning of the word ratio as it applies to the voltage entering and leaving a transformer
· Students will learn how the voltage entering a transformer can be changed and what must happen in the transformer for that change to occur
Activity: In small groups, students will discuss the questions below.

	Questions
	Answers

	What does the term ratio mean?
	Ratio is the relationship between two numbers of the same kind.

	What does an electric transformer do?
	An electric transformer increases or decreases the voltage entering it.

	What causes a transformer to increase or decrease the voltage entering it?
	There are two coils of wire in a transformer. The difference in the number of turns in each coil changes the voltage.

	During any given day, what are some things you would need an electric transformer for?
	The electricity entering you house from the power line outside. The charger for your computer etc.
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Exploring Concepts: (Electric Current – Transform It!)

Summary: Students explore how a step-up transformer and a step-down transformer are the same and how they are different.  Students will explore why this is important.

Outline:

· Students will look at different types of transformers that are important to them in their everyday lives, even though they don’t realize it
· Students will look at cutout models of transformers to understand how they work
· Discuss how the models are the same and how they are different
· Determine why transformers are important to them in their everyday life
Activity:  Students will look at different types of transformers that they see everyday. Students will then look at cutout models of different types of transformers.  Looking at these cutouts, students will list the similarities and the differences between the models. The students will then come up with reasons why the different types of transformers are important in their everyday life.

Resources:

· Pictures of different types of transformers can be found by searching for “transformers and electricity” at http://images.google.com/
· How Stuff Works: http://www.howstuffworks.com/transformer-info.htm
· Step-Down Transformer: http://www.gcsescience.com/pme25.htm
· Transformer Information: http://international-electrical-supplies.com/transformers16.html
Instructing Concepts: (Electric Current – Transform It!)
Electric Current

Putting “Electric Current” in Recognizable Terms: Electric current is the flow of electric charge from one location to another. This flow of charge is usually electrons, but it can actually be any charge that is in motion. It is measured in amperes, “A”, which is the flow of 1 Coulomb of charge per second (6.24 x 1018 electrons = 1 Coulomb).

Putting “Electric Current” in Conceptual Terms: The amount of electric current or flow of charged particles depends on several key variables: voltage (potential difference), conducting material, and temperature.  If electrical current was compared to water flowing through a pipe, voltage would be comparable to pressure.  Water will flow from high to low pressure more rapidly in instances where the pressure difference is greater.  Charge flows similarly from high to low potential energy more rapidly if there is a greater potential difference or voltage. Once again if comparing water flowing through a pipe, conducting material would be comparable to the size/length of the pipe. Water flows readily through a large, short pipe as it creates less resistance or friction.  Charge will flow readily, as well, if the conducting material is thicker and shorter due to less resistance. In addition, resistance of a conducting material varies with the type of conducting material. Some will allow electrical charge to flow freer than others. Finally, a decrease in temperature in a conducting material creates a decrease in resistance increasing the flow of electrical charge.  The resistance decreases due to the atoms becoming more fixed in place making it easier to allow the charge to pass from one atom to another.

Putting “Electric Current” in Mathematical terms: Resistance is the loss of energy by an electric current. The direct current resistance of a conducting material can be calculated by the formula 
[image: image1] where “R” is the resistance in Ohms, “l” is the length of the material in meters, “A” is the cross sectional area of the material in square meters, and “
[image: image2]” is the electrical resistivity measured in ohm-meters and is specific to each conducting material. Resistance can also be calculated using the formula
[image: image3] where “I” is the current in amperes and “V” is the potential difference in volts and “R” the resistance of the material measured in Ohms.   Within transformers ideally the ratio of voltage change to the change in the number of turns in the conducting wire is equal:   where “V” is voltage, “N” number of turns, “p” for primary, and “s” for secondary. 

Putting “Electric Current” in Process Terms:  Electric current can be controlled by creating a closed or open circuit. A circuit is a path made of conducting material.  It generally begins with an electrical source such as a battery, a positive terminal, and wire which runs to a negative terminal. If the path is disconnected, the circuit becomes “open” and no electrical charge can flow.  It will flow again once the circuit becomes “closed”. For instance, a light switch when flipped can close the circuit and charges are allowed to flow through the circuit and the light, but flipped again and the path is broken turning off the light. Sometimes the amount of energy that flows through a circuit needs to be limited or controlled. Often a resistor is inserted into the circuit. It is a device that limits the flow of electricity. Another useful device is a transformer.  Transformers either step down or step up voltage levels using coils of conducting wire.  The change in voltage depends on the number of coils, which can either increase or decrease the magnetic field affecting the voltage.

Putting “Electric Current” in Applicable Terms:  Electric current or electricity is an essential part of our modern lives. The applications of electric current are widespread and ever increasing as society becomes more dependent on its technology. 
Organizing Learning: (Electric Current – Transform It!)

Summary: Students will design three different gear ratio models.  Next, the students will create a table to compile the data from each design.  Finally, the students will find the ratios of each model. 

Outline: 

· Design three different gear ratio models using two different size gears
· Count the number of teeth in each gear of their model
· Calculate the ratio of the gears of each model
· Relate the gear ratios to the ratios found in the wire turns in transformers
Activity: Students will work in groups of two to design three different gear models. Each gear model needs to have two different gears that will create a gear ratio. Once the models are built, the students will count the number of teeth on each gear.  Using this information, the students will calculate the ratio between the two gears. The different number of teeth on each gear represents the different number of turns of wire in the transformer.  The stepping-up or stepping-down of voltage in the transformer is represented by a smaller gear turning a bigger gear, or a bigger gear turning a smaller gear. Students should be reminded that the electricity lighting their lights goes through Loup Power District transformers to come to their school. 

A table that has the number of teeth for each gear will be used to organize the collected data. From the table, students will calculate the ratio between the two gears.

	
	Gear 1
	Gear 2
	Gear Ratio

	Model 1
	
	
	

	Model 2
	
	
	

	Model 3
	
	
	


Understanding Learning: (Electric Current – Transform It!)

Summary:  Students will complete an assessment by calculating the changes in voltage by using 3 different step-up and step-down transformers. Students will also demonstrate an understanding of the importance of a transformer.

Outline:

· Formative assessment of change in voltage in a step-up or step-down transformer

· Summative assessment of change in voltage in a step-up or step-down transformers

Activity:  Students will complete written and quiz assessments concerning voltage in a step up or step down transformers.

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

1) Can students define what a ratio is?

2) Are students able to calculate the change in voltage for a step-up transformer?

3) Are students able to calculate the change in voltage for a step-down transformer?

4) Why is it important to understand what a transformer does?

Summative Assessment: Students can answer the following writing prompt:
Explain why a transformer is important and what it does to voltage.

Students can answer the following quiz questions using the formula:

Vseondary / Vprimary = N secondary/Nprimary.

1) The secondary voltage is 6,900V, the primary voltage is 34,500V, what would the Nprimary be if the Nsecondary is 300 turns?

2) The number of primary turn in a transformer is 1,500 and the number of secondary turns in the same transformer is 450. If the secondary voltage is 34,500V, what is the primary voltage?

3) The secondary voltage of a transformer needs to be 120V. If the primary voltage is 34,500V, what is the ratio for the number of turns in the transformer.
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