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Lesson Title: OhM G! 

Draft Date: 7/15/2010
1st Author (Writer): Kim Wilson

2nd Author (Editor/Resource Finder):  NPPD

Instructional Component Used: Ohm's Law

Grade Level: 9th Grade

Content (what is taught): 

The lesson will teach Ohm's Law using the equation P = I x E

Context (how it is taught):
Students will build a circuit, measure voltage and current, and calculate power
Activity Description:

Students will be given materials to build a circuit.  Next, students will be allowed to explore possible ways to make a circuit that will light up a light.  Once they have produced a working circuit, students will measure the voltage and current using a multimeter and record the voltage and current on a data table.  Students will calculate the power of the circuit using the formula P = I x E (Power = Current x Voltage).  A new circuit will be made, measured and calculated using different devices.   

Standards:

Science: SB3, SA1
Technology: TB1

Engineering: EB2
Math: MD1, ME1

Materials List: 

· 1.5-9 volt dry cell batteries and battery holders

· Lamps suitable for low voltage dry cell batteries

· Multimeter

· Small electrical motor

· Resistors

· Alligator clip connectors with wires attached

Asking Questions: (OhM G!)
Summary:  Students use a crank generator to experience the difference between a circuit with a load and one without a load.

Outline: 

· Crank generator without a load

· Crank generator with a load 

Compare the two 

Activity:  Two students are given a hand crank generator and a light.  While one student turns the crank, the other student connects the generator to the light.  Reverse positions so both students can experience the feeling of the generator with or without a load. 

	Questions
	Answers

	Why is it harder to turn the crank when there is a light attached to the generator?
	There isn't any current unless there is a load so until the light is added there isn't an electrical current.

	Why does the light flicker?
	The electricity is generated only when the coils of wire (the armature or rotor) go past the magnets’ (the stator or field) opposite poles.  Since the students are cranking relatively slowly, the gaps in electricity production are noticeable. 

	What would happen if you switched the alligator clips around?
	The light would light just the same.  One wire from the generator is positive and the other is negative.

	How does this relate to energy generated by our public utilities that is used in our homes and businesses?
	The more energy used by customers the harder the generator has to work to produce the energy.  A generator producing 700 MW would take a force 700 million times greater than the force used in turning the hand crank generator producing 1 watt.


Materials:

· Crank generator

· Light bulb

· Alligator clips/wire connectors.

Exploring Concepts: (OhM G!)
Summary:  Students will learn about Ohm's Law by building circuits, adding devices and observing the change in current.

Outline: 

· Build a virtual circuit to make a light turn on

· Change circuit to see how adding lights and resistors changes the flow of the electrons (current) 
Activity:  Students will go to a website to make a virtual circuit.  The site is intuitive and very easy to use.  The first circuit should involve only one light bulb, wire, and battery.  After successfully making the first circuit and watching it run, have students add more bulbs and/or resistors observing the flow of electrons with each addition.  You may need to discuss the concept of resistors.  Vocabulary-wise, use the root (resist) in order to get a sense of the meaning.  It lowers the current/voltage to components in order to protect them.
Resources:
Virtual Circuit:  http://phet.colorado.edu/en/simulation/circuit-construction-kit-dc-virtual-lab
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Instructing Concepts: (OhM G!)

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 EMBED Equation.3   where unit of voltage is Volts, current is Amperes, and resistance is Ohms (EMBED Equation.3).  This equation can be transformed into two other formulas.  These are EMBED Equation.3   and EMBED Equation.3.  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: (OhM G!)
Summary: Students will construct circuits, measure voltage and current, and calculate power.

Outline: 

( Make a simple circuit with one device

( Measure voltage and current

( Calculate power

( Make a new circuit/s with more devices, measure voltage and current, calculate power

Activity:  Students will be given materials to build a circuit.  They will then be allowed to explore possible ways to make a circuit that will light up a light.  Once they have produced a working circuit, students will measure the voltage and current using a multimeter and then record the voltage and current in a data table (see attached file: S069-SHINE-OhM_G-O-data_table.doc).  Next, students will calculate the power of the circuit using the formula P = I x E (Power = Current x Voltage).  A new circuit can be made using different additional lamps, batteries, resistors, or motors (be sure that students don’t exceed the maximum voltage for the other devices such as lamps and resistors) and then measured and calculated for power again.  Be sure that students all use the same settings on the multi-meters so their results will be similar.

SAFETY NOTE:  Only conduct these experiments with low amperage batteries such as 1.5-volt dry cell batteries.  The amperages of large storage batteries such as for motor vehicles or household electrical appliances are extremely dangerous/fatal to inexperienced users.

Resources: 

· How to measure DC current using a digital multi-meter:

http://scienceshareware.com/how-to-measure-DC-current-with-a-dmm.htm
· Measuring voltage and current in a DC current:

http://serc.carleton.edu/sp/compadre/interactive/examples/19095.html
Materials:

· Light bulbs

· Batteries

· Battery holders

· Alligator clips/attached wires

· Compatible resistors, and/or small electric motors 

NOTE:  All materials listed can be purchased at an electronics supply house such as Radio Shack.


Attachments:
S069-SHINE-OhM_G-O-data_table.doc

Understanding Learning: (OhM G! )
Summary: Students will demonstrate an understanding of the relationship between power, voltage, and current and how that relationship is important in the functioning of an electrical power plant.

Outline: 

· Data for these assessments may be provided through the completion of the “O” (Organizing Learning) portion of this OhMG lesson.

· Formative Assessment of Ohm’s Law

· Summative assessment of Ohm’s Law

Activity: 

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

1) How does the voltage change as the resistance changes?  

2) How does the current change as the resistance changes?  

3) What is the relationship between power and increased resistance?  

Why does a utility company need to understand this relationship?

Summative Assessment

Students will draw a diagram of a circuit.  They will have determined the voltage of the energy source, and the amps of the current, and calculated the power of the circuit.  They will label the circuit with these calculations.  Relate what is happening in terms of Ohm’s Law.

Students will diagram another circuit with more devices and provide their calculations for the current, voltage and power.

Students can answer quiz question related to Ohms Law like the ones below:
1) How does the voltage of the circuit change as more devices are added?

2) How does the current of the circuit change as more devices are added?

3) What is the relationship between current and resistance?

4) What is the relationship between power and resistance?

5) Why does an electrical power plant need to understand the relationship between power and resistance?

�





�





This Teacher was mentored by:





�


�HYPERLINK "http://www.nppd.com/"��www.nppd.com�





In partnership with Project SHINE grant funded through the





National Science Foundation











© 2010 Board of Regents University of Nebraska

