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Content (what is taught): 

· Identification of an inverse relationship

· The shape of the graph an inverse variation

· The creation of a mathematical model

Context (how it is taught):

· Data collection from an electronic circuit.
· Mathematical calculation of the constant of variation. 

· Plotting data points.
· Algebraic manipulation of the data point, resulting in an inverse model.

Activity Description:

In this lesson, small groups of students will be supplied a breadboard, a DC power supply, and several resistors with known resistance. The students will create a simple circuit containing one resistor. Students will use a multi-meter to measure the current in the circuit and record the reading with the resistance as the independent variable and the current as the dependent variable. Resistors will be changed and the process of measuring and recording the current in the circuit will continue until the group has recorded data points for all resistors. Each student in the group will plot the data points in a coordinate plane and identify the relationship between resistance and current as an inverse variation. Students will calculate the product of resistance and current in one data point to find the constant of variation and compare it to the corresponding value from the other data points. Groups will compare their results. The constant of variation should be the voltage of the power supply. The groups of students will create a model for the data they collected, predict the outcome for a new resistance, and test their prediction with a new resistor. The instructor will explain that as the voltage of the power supply varies, this constant of variation becomes a variable as well, yielding Ohm’s Law, I = V/R or V = IR.

Standards:

Science: SE2
Technology:  TA3, TB4, TC4
Engineering: EA1, EA2, EB1, EB5, EC1
Math:  MB1-3, MC2, MD1, MD2, ME1, ME2
Materials List: 

· Breadboard
· Battery
· Battery Connection
· Resistors
· Multi-meter
· Graph paper
· Calculator
Asking Questions:  (Discovering Ohm’s Law)
Summary:  Students will identify the quantity a multi-meter displays when determining current in a circuit. Students should have a very basic understanding of how the current exists.

Outline: 

· Create a simple circuit.

· Measure the current with a multi-meter.

Activity: 

The teacher demonstrates how to insert battery supply wires and resistors into a breadboard and how to measure current with a multi-meter. Ask the following questions:

	Questions
	Answers

	What do you know about electricity?
	Electrons move over a conductor establishing a current

	How is current measured?
	amps

	How is potential difference measured?
	volts

	What is resistance, and how is it measured?
	ohms

	How do all these measurements relate?
	This is what we will discover from the next activity (V = IR).


Exploring Concepts: (Discovering Ohm’s Law)

Summary:  Students will create a simple circuit and measure the current in the circuit for several resistors with known resistance. Students will record the data point for each resistor with resistance as the independent variable and current as the dependent variable.

Outline: 

· Create a simple circuit containing one resistor and a battery power supply.

· Measure and record several data points with resistance as the independent variable and current as the dependent variable.

Activity:  Students will create a circuit with a constant voltage supply (battery), insert several different resistors, and record resistance as the independent variable and the resulting current as the dependent variable in the provided chart. A PowerPoint with detailed instructions is in the attached file: M052_SHINE_Discoving_Ohms_Law-Inverse_var-E.ppt
	R Resistance (Ω)
	I
Current
(A)
	V
Voltage
(V)

	2200
	
	

	3300
	
	

	6800
	
	

	16,000
	
	

	33,000
	
	


Attachment:  M052_SHINE_Discoving_Ohms_Law-Inverse_var-E.ppt
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Instructing Concepts: (Discovering Ohm’s Law)
Inverse Variation

Putting “Inverse Variation” in Recognizable terms:  Inverse Variation occurs frequently in different situations that we encounter in the “real” world.  As one variable increases, another linked variable decreases in a proportionate manner.

Putting “Inverse Variation” in Conceptual terms:  Inverse Variation is a nonlinear relationship.  It can be roughly modeled by using an exponential relationship or the portion of hyperbola in the first quadrant centered at the origin.  Inverse variation can be translated into an equation where the two variables multiplied together are equal to a constant k (called the constant of proportionality or the variation constant).  

Putting “Inverse Variation” in Mathematical terms:  If the dependent variable is called y and the independent variable is called x, the equation representing the function is:  xy = k and y is said to be Inversely proportional to x.   As x increases, the corresponding y value will decrease so that the product is a constant.  Likewise as x decreases, the corresponding y value will increase so that the product is the same constant.  The relationship will be a curve that approaches the x and y axes but will never touch them thereby making the axes asymptotes of the graph. 

Putting “Inverse Variation” in Process terms:  Since inverse variation is a situation that can be represented as a equation consisting of two variables and a single constant, if two of the values are known, the third may be determined.  The constant of proportionality can be calculated if a single instance of an (x, y) pair is available by multiplying the value of the dependent variable by the corresponding value of the independent variable (xy = k).  Once the variation constant is known, the value of either the dependent variable or the independent variable can be found if the other is known:        x = k/y      or     y = k/x.

Putting “Inverse Variation” in Applicable terms:  Inverse variation is applicable in many disciplines.  For instance a lever is an example of inverse variation.  As the length of the lever increases the force required to do a constant amount of work will decrease.  Ice melting varies inversely as the temperature.  The pressure of a gas at constant temperature varies inversely with the volume of the gas.  The current (in Amps) produced by a battery is inversely proportional to the resistance (in Ohms) of the circuit of which the battery is a part.  These examples are merely a sampling of the numerous applications of inverse variation.

Organizing Learning:  (Discovering Ohm’s Law)
Summary:  Students will record in an x-y table the resistance (x) and the corresponding current (y). Students will plot the data points in a coordinate plane. (Note:  have some mechanism for them to describe direct/inverse variation as part of the organizing particularly as it relates to Ohm’s Law.) Students will identify the relationship between resistance and current as an inverse variation and calculate the constant of variation. The constant of variation should be the voltage of the power supply. The class will then arrive at the relationship I = V/R or V = IR.

Outline: 

· Record the data points in a table with resistance as the independent variable and current as the dependent variable.

· Graph the data points in a coordinate plane.

· Identify the relationship as an inverse variation based on the shape of the graph.

· Calculate the product of resistance and current for one data point and compare it to the corresponding product for the other data points.

· Create and test a model for the collected data using graphing technology.

· As a group, conclude that I = V/R or V = IR.

Activity:  Each student in the group will plot the data points previously collected in a coordinate plane and draw a best-fit curve.  From the graph students have created, they will identify the relationship between resistance and current as an inverse variation. Students will calculate the product of resistance and current in one data point to find the constant of variation and compare it to the corresponding value from the other data points. Groups will compare their results. The constant of variation should be the voltage of the power supply. The groups of students will create a model for the data they collected using appropriate technology, predict the outcome for a new resistance, and test their prediction with a new resistor. The instructor will explain that as the voltage of the power supply varies, this constant of variation becomes a variable as well, yielding Ohm’s Law, I = V/R or V = IR.

Understanding Learning: (Discovering Ohm’s Law)
Summary:  Students will use the relationship I = V/R and similar inverse relationships to solve problems on homework, quizzes, and exams. Students will recognize the graphs of similar relationships to be inverse in nature based on the shape of the graph.

Outline: 

· Formative assessment of inverse variation.

· Summative assessment of inverse variation..

Activity: 

Formative Assessment

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

1) As one value in an ordered pair satisfying an inverse variation changes, what kind of resulting change can be expected in the other value?

2) What is the general shape of the graph of an inverse variation?

Summative Assessment

Students will write a short summary of the lab and what they have learned.

Students will answer assessment questions of the following nature: 
1) Given values of the independent and dependent variables in an inverse variation, calculate the constant of variation.

2) Given values of one variable and the constant of variation in an inverse variation, calculate the value of other variable.

3) Identify the relationship described by the graph as direct or inverse.

4) Graph all solutions to a particular inverse variation.

Performance assessment
Students will test their model with a new resistor.
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