SPIRIT 2.0 Lesson: 

Why Isn’t My Motor Running?
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Lesson Title: Why Isn’t My Motor Running?

Draft Date: June 4, 2010
1st Author (Writer): Joan Lahm

Instructional Component Used: Data Analysis

Grade Level: 8 – Earth Science

Content (what is taught): 

· Changes in the angle of incidence of the sun on photovoltaic cells effects the voltage generated to run a motor

· Solar motion affects the angle of incidence in – based on time of day and day of year 

Context (how it is taught):

· Place a photovoltaic cell on an adjustable plane and direct it towards the sun.
· Measure the angle of incidence of the sun to the photovoltaic cell with a protractor as well as the angle of elevation of the PV cell.
· Use a multi-meter to determine the voltage created at various angles of incidence.
· Attach a motor at various angles of incidence to observe the difference in rotation of the motor (based on changes in voltage).

Activity Description:  Students will investigate how the angle of incidence of the sun in relation to the photovoltaic cell will affect the voltage being generated.  PV cells will be mounted on an adjustable plane and angled towards the sun. The angle of incidence which produces optimum voltage will be measured using a protractor. A change in the angle of elevation to the horizon will also be determined. A motor will be attached to illustrate the change in power generated in relation to the angle of the sun at a particular time of day on a specific day of the year. Students will observe the motor’s ability to function properly is effected by the amount of sunlight being converted to electricity by the PV cell. 

Standards:

Science
Technology 
SA1, SA2, SF5, SB3, SD3, SE2
TC4
 

Engineering
Math

EE2





       MD1, MD2

Materials List: 

· Photovoltaic cells

· Motor

· Protractor

· Adjustable incline plane

· Alligator clips

· Multi-meter

Asking Questions (Why Isn’t My Motor Running?)
Summary:  Students will explore the concepts of angle of incidence of the sun related to the photovoltaic cell and to use a multi-meter to determine voltage.  Students will determine the optimum angle of incidence of the sun in relation to a photovoltaic cell in order to reach optimum voltage to run a motor. Students will observe how the angle of incidence is related to the generation of electricity by the PV cell, and therefore the efficiency of the motor.

Outline: 

· Angle of incidence of the sun will be discussed and measured.

· Demonstrate how to use a multi-meter in order to determine voltage created.

· Observe how the angle of incidence of the sun, voltage, and rotation of the motor are related.

Activity:  The teacher will demonstrate how to use an adjustable incline plane to alter the angle of the PV cell to the sun.  Students will be guided into how to measure the angle of incidence.  Tools can be suggested with a protractor being the optimum tool.  The teacher will review how to use a multi-meter in order to determine the voltage produced by the photovoltaic cell.  Instructor will demonstrate how to attach a motor to illustrate how rotation changes with a change in voltage. 

	Questions
	Answers

	At what angle should the photovoltaic cell be positioned toward the sun in order to produce optimum voltage to run a motor?
	To be determined by students  – 90 degrees is expected to be optimal. 

	How does the time of day influence the angle of incidence of the sun in relation to the PV cell and voltage generated?
	As the sun “rises” and “falls” in the sky during the day, the angle of the PV cell will also change in order to reach ~90 degrees. 

	How does the day of year influence the angle of incidence of the sun in relation to the PV cell and voltage generated?
	Based on latitude and hemisphere. In the Northern Hemisphere the sun will be the highest in the sky on the Summer Solstice in late June and lowest in the sky on the Winter Solstice in late December. 

	If a photovoltaic panel is placed on the roof of a home, does its angle of incidence to the sun need to be adjusted hourly and daily?
	Yes – it should adjust to changes in the sunlight throughout the day and year.


Resources:
U.S. Naval Oceanography Portal:  www.usno.navy.mil
Book: Teaching Solar – A Teacher’s Guide to Integrating Solar Energy into Classroom Curriculum; A Rahus Institute- Solar Schoolhouse Publication; 2009
Exploring Concepts (Why Isn’t My Motor Running?)

Summary:  Students will explore how the angle of incidence changes when the angle of the incline the PV cell is on changes.  They will practice with the multi-meter to measure electricity produced by the PV cell.  Optimization of electricity production will be discussed using data analysis

Outline: 

· Students will use an adjustable incline plane and to change the angle of incidence between the sun and photovoltaic cell. 

· Students will use a protractor to determine the angle of incidence. 

· Students will use a multi-meter in order to determine the voltage produced by the photovoltaic cell.

· Students will think about how to collect data to make a decision about optimum electricity production using a PV cell. 

Activity:  In this lesson, students will use an adjustable incline plane to explore the angle of incidence between the sun and photovoltaic cell and how changing the incline of the plane affects the angle.  Students practice using a protractor to determine the angle and a multimeter to determine the amount of voltage given off at various angles. Students will speculate about how to collect data to make a decision about optimizing electricity production using a PV cell.
Resources:
Book: Teaching Solar – A Teacher’s Guide to Integrating Solar Energy into Classroom Curriculum; A Rahus Institute- Solar Schoolhouse Publication; 2009
Instructing Concepts (Why Isn’t My Motor Running?)

Data Analysis

Data analysis is the process of collecting, analyzing, modeling data, and making predictions.  The reasons for this process are many but typically the most important are: 1) to find useful information, 2) to make predictions about possible outcomes, and 3) to support and provide evidence for the decision making process.  

Data Collection

The process can start with the collection of data using any number of strategies.  The data collection might take the form of an experiment where you conduct trials in which you measure the effect of one variable on another by controlling all other possible variables.  The collection might be a survey of something by sampling to gather information.  It is important that the survey be unbiased, random, and representative of the group you are sampling.   Data can be present without going out to collect something new.  In the business world it could be historic sales, production, or costs.  In academia it can be test scores.  In engineering, data is collected on production processes, historical usage or environmental factors, and stress or strength measurements. Data is everywhere and often the problem is not finding data but limiting it to what you are looking to study.

Data Analysis

The analysis of the data that was collected is a critical step.  Here you are carefully looking at the data that was collected.  It could be in a spreadsheet or other computer application that can organize the data.  You probably will want to graph the data because trends are easier to see from a picture.  This step is really about identifying trends that might be present.  It is possible that there isn’t a strong trend present in the data.  If there is not a trend it is not necessarily bad.  It just means that the variables are not related.  

Mathematical Modeling

Modeling the data that was collected and analyzed is where the mathematics occurs in this process.  You can use a graphing calculator, computer spreadsheet or other specialized computer application to generate an equation that represents the data.  These uses of technology will also provide statistical measurements like variance and correlation that can help you understand the effectiveness of your equation (model).

Reporting

The final step in this process is to report the data and model that represent it and to make predictions using the model to support decisions.  If you have a model that statistically represents the data accurately it should be possible to make fairly reliable predictions.  You can present the results in printed form, graphically, or a combination of both.  You can show your prediction by showing an extrapolation using your model and present that information as support for a decision.  You need to be cautioned that any predictions that are made are only that, a prediction.  If the trend changes, your prediction will not be correct.  The process of data analysis is a tool to make an educated guess about the future not a guarantee that your prediction will come true.
Organizing Learning (Why Isn’t My Motor Running?)
Summary: 
Students will change the angle of the PV cell relative to the sun.  Since the time of day and day of year will influence where the sun is in the sky as well as the angle the PV cell must be adjusted to reach optimum voltage. They will measure the angle, the electricity produced, and record the measurements as well as the time of day and day the measurement was taken.

Outline: 

· Students will adjust their incline planes and measure the angle of incidence to the sun and PV cell. 

· Students will determine the angle the PV cell is adjusted to the horizon. Record data in the table below.

· Students will determine the voltage generated at various angles of incidence to the sun. Record data in the table below.

· Students will include the time of day and day of year in their observations.

· Optimum conditions for electricity production will be found and reported.

Activity: 

In this lesson, students will change the angle of incidence between the sun and photovoltaic cells in order to determine at which angle the PV cells will produce the highest voltage of electricity. The angle of elevation to the horizon will also be determined.  A multimeter will be used to determine the voltage at various angles.  The collected data will be analyzed for trends and predictions will be made about how those trends will affect electricity created by a PV cell.  Finally, the class will come back together and discuss the data collected, what was found and make a decision about the optimum condition electricity production.
Resources:
Book: Teaching Solar – A Teacher’s Guide to Integrating Solar Energy into Classroom Curriculum; A Rahus Institute- Solar Schoolhouse Publication; 2009
Data Table:

	Trial
	Angle of Elevation to the horizon
	Angle of Incidence to the sun
	Voltage 
	Time of Day
	Day of Year

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	

	5
	
	
	
	
	

	6
	
	
	
	
	

	7
	
	
	
	
	


Understanding Learning (Why Isn’t My Motor Running?)

Summary: 
Students will be assessed on data analysis.  They will explain the relationship between the angle of incidence of a photovoltaic cell to the sun and voltage generated and how it relates to the data collected. They will be able to explain that the angle, voltage generation, and efficiency of a motor are related. 

Outline: 

· Formative assessment of data analysis.

· Summative assessment of data analysis.

Activity: 

Students will be assessed on data analysis by answering a writing prompt.
Formative Assessment

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

1) Were the students able to determine angle of incidence and angle of elevation to the horizon?

2) Were students able to use a multimeter to determine voltage generated by the PV cell?

3) Do students understand the importance collecting data consistently?

Summative Assessment

Students can answer the following writing prompt:

1) You are an employee of a solar panel company and are trying to convince your boss that a motor which adjusts the angle of the solar panels is necessary in order for your clients to receive optimum electricity (measured in voltage) throughout the day and year.  Using data analysis, explain why you think your opinion is justified.

2) What are the key components of data analysis?
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