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Instructional Component Used: Ohm’s Law

Grade Level: 9-12

Content (what is taught): 

· Using a multi-meter

· Measuring voltage of a battery using a multi-meter

· Calculations using Ohm’s Law

Context (how it is taught):

· Video tutorial about multi-meter usage is watched and discussed
· Voltage will be checked for different DC devices using the multi-meter
· Finding current in a circuit using Ohm’s Law
Activity Description:
In this lesson, students will learn how to run a multi-meter to measure voltage in a battery and current in a circuit.  This information will then be collected in an actual circuit and graphed.  Calculations using Ohm’s Law will be completed to verify that the relationship V = IR is correct.

Standards:
Science: SB3
Technology:  TA1, TF1, TF2, TF3, TF4
Materials List: 

· Multi-meter

· Batteries (new and used)
· Student Data Sheet

· Notebook

· Materials to make electrical circuits (wire, light bulb, resistors, etc.)

Asking Questions: (Thunder Struck)
Summary:  Students will determine how to use the multi-meter to measure voltage and

amperage.

Outline: 

· Determine what a multi-meter is

· Determine how a multi-meter works

· Measure different items for voltage and amperage using the multi-meter

· Be aware of safety concerns

Activity:  The teacher will demonstrate how to use a multi-meter to test a small battery for voltage and a circuit for current.  For extra information, students can watch a video from youtube.com (link below) on multi-meter use.  As the students become interested, ask the following questions:

	Questions
	Answers

	What is a multi-meter?
	A multi-meter is an instrument designed to measure electrical quantities. A typical multi-meter can measure alternating and direct current potential differences (voltages), current, and resistance, with several full-scale ranges provided for each quantity. It is sometimes referred to as a volt-ohm meter.

	What are some items that we can test with a multi-meter?
	Batteries, alternator, solar cell, etc.  I recommend staying with a DC current.

	What are different measurements we can take with a multi-meter?
	Voltage, current and resistance

	What is voltage?
	The electrical force that would drive an electric current between two points measured in volts

	What is current?
	The rate of flow of electric charge measured in amperes


Resources: 

· Multi-meter definition from Answers.com



http://www.answers.com/topic/multi-meter
· How to use a multi-meter from YouTube

http://www.youtube.com/watch?v=KzjMIcER4EU
· Using a multi-meter from Doctronics

http://www.doctronics.co.uk/meter.htm#what
Exploring Concepts: (Thunder Struck)
Summary:  Students will practice the use of a multi-meter by testing various batteries.  The teacher (or students) will create complete circuits and measure the current using a multi-meter.

Outline: 

· Students will use a multi-meter to measure the voltage of batteries.
· Students will use a multi-meter to measure the current of a circuit.
Activity:  Students will be given batteries of different sizes, brands, and various charge levels.  For example: AAA, AA, C, D, 9V, 12V car battery, solar cell, different brands of batteries, rechargeable batteries, and batteries of various charge levels.  Students will practice using the multi-meter to measure the voltage of each battery.  Next, students will build circuits using the materials provided and with the guidance from the instructor.  After completion of the circuit, power will be applied and the current will be measured using a multi-meter.

Resources:
· Batteries of different size, type and brand

· Multi-meter

· Materials to make an electrical circuit (wires, resistor, batteries, etc.)
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Instructing Concepts: (Thunder Struck)
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 
[image: image2.wmf] where unit of voltage is Volts, current is Amperes, and resistance is Ohms (
[image: image3.wmf]).  This equation can be transformed into two other formulas.  These are 
[image: image4.wmf] and 
[image: image5.wmf].  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.

Putting “Ohm’s Law” in Process terms:  Thus, 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: (Thunder Struck)
Summary:  Students will measure and calculate the current in circuits with known resistance and the measured voltage of the battery used to power the circuit.  The data will be graphed.  The measured and calculated values for current will be compared.  

Outline: 

· Circuits will be created with a constant resistance

· The circuit will be powered using a battery with a measured voltage

· Current will be measured using a multi-meter

· Current in the circuit will be calculated using Ohm’s Law

Activity:  Students will create a circuit with a known resistance by incorporating a resistor in the circuit.  Different batteries will have the voltage (in volts) measured using a multi-meter and recorded.  The circuit will then be powered by a battery and the current (in amperes) will be measured by a multi-meter.  A graph of measured voltage vs. amperes (measured current) will be drawn.  Finally, using Ohm’s Law the current of the circuit will be calculated and compared to the measured current.  The process can be repeated using circuits with different resistance to get more practice with multi-meters and Ohm’s Law.

	Circuit Diagram
	Resistance (constant)
	Voltage (measured)
	Current (measured)
	Current (calculated)

	
	
	
	
	

	
	
	
	
	


Understanding Learning: (Thunder Struck)
Summary:  Students will be assessed on their understanding of Ohm’s Law.

Outline: 

· Formative assessment of Ohm’s Law

· Summative assessment of Ohm’s Law

· Performance assessment of Ohm’s Law

Activity:  Students will be assessed on Ohm’s Law by answering a writing prompt and completing a performance assessment.

Formative Assessment

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

1) Can the students measure voltage and current safely and correctly?

2) Do students understand how the variables in Ohm’s Law are related?

3) Are students able to use Ohm’s Law and two variables to find an unknown?

Summative Assessment

Students can answer the following writing prompts:

1) Describe the mathematical formula of Ohm’s Law. What are the variables and how they are related?

2) Explain how to test batteries under a load for voltage amperage and resistance and how this information applies to Ohm’s Law.

Performance Assessment

Create a circuit that includes a resistor.  Then use a multi-meter to measure the voltage of the power source.  Utilizing this information together with Ohm’s Law, compute the current that should be present in the circuit.  Finally, the current that is actually in the circuit should be measured using a multi-meter to check the calculations.
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