SPIRIT 2.0 Lesson: 

If You Can’t Stand the Heat…
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Algebra Topic:  Temperature Geometry Topic:  Solar Collectors

Grade Level:  9 - 12

Content (what is taught): 

· Solar collector basics

· Measurement, creation, and analysis of data

· Data analysis

Context (how it is taught):

· A sun angle quadrant and a solar cooker are created

· Measurements are taken relating the position of the sun to the cooker

· Measurements of the interior temperature of the cooker are taken

· Data collected is analyzed and patterns are discerned

Activity Description:

The students will build sun-angle quadrants for their math journals/toolkits and practice using them.  They will design and build basic solar cookers following directions in handouts.  Using the sun-angle quadrants, they will position their cookers in such a way as to “broil” a piece of meat (hot dog, sausage, etc.).  All measurements will be recorded and the data will be analyzed to determine the ideal conditions (sun angle, cooker temperature, weather, etc.) for cooking the selected meat in an optimal time frame.  Upon completion of the lesson, the students will write a reflection on what they learned.

Standards:

· Math—A3, B1, B3, C4, D1, D2, E1, E2, E3

· Science—A1, A2, B3, D3, E1, F5

· Technology—A3, A4, B1, C3, C4 D1, D2, D3

Materials List: 

· Sun-Angle Quadrant

· Thermometer

· Cardboard Box

· Newspaper, Magazines, or Other Insulation

· Black Construction Paper

· Duct Tape

· Aluminum Foil

· Saran Wrap

· Food

· Data Sheet

ASKING Questions: (If You Can’t Stand the Heat…)

Summary:  Students will be asked if there is any relationship between the angle of the sun, the angle of reflection, the temperature generated by the solar cooker, and the time required to cook.

Outline: 

· Use pictures or videos of solar collectors to present the idea of vectors as they relate to sun angles.  Ask students what the relationship is between the angle of the sun and the amount of energy generation would be.

· Students will think about the possible temperatures a solar cooker can reach and how long it will take to cook

· Pros and cons of solar cookers will be discussed

Activity:  Students will be presented with pictures of solar collectors and should be asked if the angle of the sun is relevant to the temperature of the solar cooker and the time it takes to cook dinner.  The idea of vectors representing the sun’s rays can be helpful in this discussion.  Pros and cons of solar collectors and using a solar cooker will be discussed.

	Questions
	Answers

	What is the boiling temperature of water?
	100o C or 212o F

	On any given day, do we on earth get enough heat from the sun to achieve this feat?
	Based on air temperature, no.  The experiment will prove otherwise.

	Is it possible to boil water on a day like today without chemicals, flames, or heat coils?
	It depends

	Can we use the heat of the sun to create a temperature higher than the current air temperature?
	Yes

	Does the sun-angle make a difference as to the amount of heat generated?  Why?
	Yes – explanations will vary

	What are some pros of solar cookers?
	Pollution free, can be used where no electricity, etc.

	What are some cons of solar cookers?
	Must be sunny, the angle has to be right, etc.


Resources:

· Sun-Angle Computer: http://aa.usno.navy.mil/data/docs/AltAz.php
· Relating sun-angle to temperature:  http://www.eoearth.org/article/Daily_and_annual_cycles_of_temperature
· Solar cooker designs:  http://solarcooking.org/plans/
· Solar cooker at Lake Titicaca:  http://news.byu.edu/archive10-may-solaroven.aspx
EXPLORING Concepts: (If You Can’t Stand the Heat…)
Summary: Students will design and build a solar collector that is adaptable to current weather conditions and sun angles so that they can increase the cooking temperature to cook their selected food.

Outline: 

· Students will research solar cooker design

· Students will design a solar cooker

· Students will build a solar cooker that is adaptable to weather and sun angles

Activity:  Students will be divided into groups and begin by researching solar collectors on the Internet to find out what characteristics a successful solar collector has.  These ideas will be adapted to a solar cooker that collects and focuses the sun’s rays.  After research has concluded, the students will try to incorporate what they learned about solar collectors into a design for a solar cooker.  The design should be adaptable in many ways including sun angles.  Possible adjustments might include:  reflection angles, insulation, filters, backgrounds, panels, etc.  The more modular the cooker is, the more adjustments you can make without completely rebuilding the unit.  Finally, the design will be put into action when the collector/cooker is built.  Throughout the process of research, design, and construction, students should keep detailed notes in an engineering notebook.

Resources:

· Renewable Energy:  The Infinite Power of Texas

http://www.infinitepower.org  -> Lesson Plans for Teachers  -> Cooking With the Sun

INSTRUCTING Concepts: (If You Can’t Stand the Heat…)
Solar Collector Basics
Nearly all energy we use is directly or indirectly solar energy: fossil fuels were organic matter which grew due to the sun, wind occurs due to variations of temperature caused by uneven heating of the earth’s surface by the sun, hydroelectric power relies on the water cycle, and of course solar power itself.  The lone exception is nuclear energy (though the earth and all its minerals would not exist without the sun).  We will, however, more narrowly define solar collection in the most direct manner.  The amount of solar energy available in any location varies according to its latitude on the earth, season of the year, and atmospheric conditions.  Collection of solar energy is done either as a direct capture of the heat or through the conversion of the energy into electricity.  Vocabulary of importance:
Solar Collector: a device which absorbs the sun’s radiation in order to provide heat or electricity. 

Photovoltaics: creates electrical energy when exposed to radiant energy/light.

Latitude: an imaginary line around a heavenly body parallel to its equator.

Some plants have developed heliotropism, which is when the plant continuously orients itself towards the sun throughout the day.  This ability is mimicked in sophisticated solar collection devices since it maximizes the amount of solar rations collected throughout the day.

The equator (0° latitude) receives more solar energy from the sun, on average, than other locations due to the direction of the Earth’s rotation and the tilt of its axis: the sun’s energy strikes the equator most directly and goes through the least amount of atmosphere.  The poles at either end of the axis receive less solar energy due to the greater “slice” of atmosphere through which the solar energy must pass and, seasonally, the tilt of the Earth’s axis.

The most effective north-south orientation for solar collector panels is always due (true) south in the northern hemisphere and due north in the southern hemisphere.  Note that this varies from magnetic north and south due to the location of the magnetic poles.  This variance becomes more significant the nearer one is to the poles.

The optimum angle of solar collectors, so that the collector will directly face the sun, depends upon the location of the sun’s appearance in the sky, which in turn depends upon one’s latitude on the Earth and the calendar date.  The date is significant because the sun’s appearance in the sky changes significantly as one moves away from the equator throughout the year/the Earth’s trip around the sun (most notably the never-setting sun and 24 hour nights at the poles). Thus, the optimum orientation changes on a daily basis.  The mathematics of this most effective orientation is relatively complex if the collector’s angle is fixed throughout the seasons.  The angles of collectors with fixed orientations are often changed quarterly in order to maximize efficiency.  A solar collector’s orientation may be expressed in degrees from the horizontal.

Organizing Learning: (If You Can’t Stand the Heat…)
Summary: Students will test their solar cooker.  Data will be collected and placed in tables that show the time of day, azimuth, sun angle, and temperature.  The results will be analyzed.

Outline: 

· Students will track the cooking time and record the cooking temperatures

· Trial and error:  students will adjust their cookers as necessary to increase the temperature inside the cooker

· Analyze the data collected

Activity:  Students will test their solar cooker. Temperatures and sun angles will be monitored at regular intervals to determine if adjustments need to be made to increase cooking temperature and decrease cooking time.  The data collected by each group in the experiments designed by students will be organized in a chart. The azimuth and sun angles may be recorded using readings from the sun-angle quadrant or from the table at the U.S. Naval Observatory site (http://aa.usno.navy.mil/data/docs/AltAz.php). The outdoor temperatures will be based on a central thermometer near the cookers.  The indoor temperatures will be based on individual readings from a thermometer inside the cooker. 

Students will analyze the data collected and map the data to show the relationship between the angle of the sun, the angle of reflection to the cooker, and the temperature of the inside of the cooker.  Students will investigate both the quantity and the quality of the data collected, and then begin to think about the validity of the experiment. The results will be discussed and generalizations will be made about sun angles and temperatures. 
Sample Chart for Data Collection

	Time of Day
	Azimuth
	Sun Angle
	Outside

Temp (oF)
	Outside Temp (oC)
	Cooker

Temp (oF)
	Cooker Temp (oC)

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


UNDERSTANDING Learning: (If You Can’t Stand the Heat…)
Summary: Students write about solar collectors to demonstrate their understanding.

Outline: 

· Formative assessment of solar collectors

· Summative assessment of solar collectors

Activity:  Students will be assessed on the characteristics of solar collectors by completing writing prompts.

Formative Assessment

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

1. Do students understand the characteristic of a solar collector?

2. How do their measurements compare to the U.S. Naval Observatory table that they created?

3. How does direct solar heat relate to reflective heat?
4. Can students incorporate the characteristics of a solar collector in their cooker?
5. Did the students try different sun angles and reflection angles to see if there are consistencies in many different pairs of angles?

6. Did the students think clearly about how the data will be collected and how to measure properly, keeping in mind measurement error? 
Summative Assessment

Students will answer the following writing prompts:  

1. Explain how the angle of the sun is related to the angle of reflection in the process of generating heat and how this angle relates to a solar collector.

2. State the characteristics of an efficient solar collector and explain why each is important.

3. Explain why the outside temperature is not as relevant as the sun angle and the reflection angle in a solar cooker.

4. You have been given the task of cooking using a solar collector.  Describe how you can accomplish this task.  Be sure to give detailed directions about the process and the choices you make.

�








© 2010 Board of Regents University of Nebraska

