SPIRIT 2.0 Lesson: 

CATCHING RAYS
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Lesson Title: Catching rays

Draft Date: 6/04/10
1st Author (Writer): David Hughes

Instructional Component Used: Solar Collectors

Grade Level: Middle School

Content (what is taught): 

· Solar collector basics: directional and angular orientation

· How to create and set up solar collectors

· Scientific process of careful measurement, recordkeeping, and analysis

Context (how it is taught):

· Students create and/or use simple solar collectors
· Students experientially determine optimum collector orientation
· Students analyze data obtained from solar collectors

Activity Description:

In this lesson students first discuss plant adaptations, which mimic sophisticated solar collectors.  Students then work in teams to create, use, and record data from solar collectors in order to analyze data and determine most effective orientations for solar collectors. 

Standards:

Science: SA1  SD3
Technology:  TA1,  TC2, TC4, TD2, TD3, TE2 

Engineering: EA6, EB2, ED1
Math:  MA1, MA3, ME1, NE2
Materials List: 

· Solar collectors-either commercially-produced or created at school 

               (For materials list, see part Exploring Concepts)

· Thermometers capable of readings up to 300 degrees F

· S’mores ingredients

· Masking tape

· Magnetic compass

· Graph paper

Asking Questions: (Catching Rays)
Summary:  Students will learn about heliotropism in plants and solar collectors.

Outline: 

· Students will examine photos of plants, which do and don’t turn to face the sun.  Advantages of heliotropism will be discussed.  Students will then consider solar collectors, which both do and don’t turn to face the sun and consider the reasons/advantages.

Activity: Begin by showing two images to the students - one of a field of sunflowers and one of non-heliotropic flowers (find Internet links below).

	Questions
	Answers

	What are some things you notice about the flowers in these photographs?  Note the similarities and differences.
	Yellow, many similar flowers, pretty, etc.

If necessary, prompt the students to pay attention to the direction in which the flower heads are facing.

	The sunflowers are a type of plant, which exhibit heliotropism.  This word is from Greek: helios = sun and tropos = turn.  Why is that combined word so appropriate for sunflowers?
	Because the flower heads always turn to face the sun

	Heliotropism is more common in cool climates.  Why would flowers evolve that way?  What advantage would that give to the flowers?
	Heliotropic flowers capture more sunlight.  This creates more pollen and encourages seed development.  The flower is also warmer, which attracts more pollinating insects.  These increase the reproductive chances for those plants.  Leaves that face the sun have increased photosynthesis.


Then show two photos of solar panels - ones which do and do not track the sun.

	What do you notice about the two photos?  (The shadows beneath the parabolic collectors show they’re pointing towards the sun.)
	One type is fixed on the roof.  The others turn towards the sun.  

	The teacher might also show a photo of the space station with its collectors (below).   It is more complex/expensive to make solar collectors that turn.  Why is it done?  
	The types that turn to face the sun are more efficient (10-40%) than fixed ones.


Resources:
Field of sunflowers photo: http://www.egyptsons.com/gallery/data/media/6/Field_of_Sunflowers_Kentucky.jpg
Brown-eyed Susans photo:

http://www.wildflower.org/image_archive/640x480/PCD4682/PCD4682_IMG0028.JPG
Solar collectors that track the sun:

http://newsolarera.com/images/Solar-Panel-Field-01.jpg
Fixed solar collectors (the roof is covered with the panels):

http://www.heatingoil.com/wp-content/uploads/2009/08/solar_panels_panelled_house_roof_array.jpg
Space station solar panels: http://www.lunaroutpost.com/gallery/iss/images/ISS.jpg
Exploring Concepts: (Catching Rays)
Summary:  Students will create solar collectors/cookers, observe temperatures created within them, and then use them to cook s’mores.  

Outline: 

· Students will create several variations of “pizza box” solar cookers

· Students will place their cookers in the sun and record the temperatures created within

· S’mores will be cooked with the ovens

Activity:  Prior to or during the lesson, it is important to calibrate the thermometers being used since readings often vary significantly.  If the readings cannot be changed, they should be labeled with a temperature adjustment amount in degrees.  A simple calibration process is to place them all in one location and observe their readings.  Mark the amounts of higher/lower adjustment needed.  

Students will work with a partner to create a solar oven.  The “pizza box” style is easily and very inexpensively made.  The New Mexico Solar Energy Association has a fine web page devoted to their construction with some options at the bottom of the page to increase the oven’s effectiveness (the link is under “Resources” below).  If this site is unavailable, an Internet search will uncover similar information elsewhere.
Each student will place a thermometer in a visible location within the box and place it in the sun.  The flap will need to be adjusted in order to reflect light into the box.  Tape, string, or strips of cardboard taped to the sides of the box may be needed in order to hold the reflective flap in the most suitable position.  Students may choose to adjust their oven according to the apparent movement of the sun.  

Temperatures within the ovens will be noted and recorded by each pair of students.  Depending upon the length of time devoted to this portion of the lesson, time of day for the readings may need to be noted as well.  The teacher will collect this data so that students will be able to determine the most effective cookers and examine the attributes, which enhanced their effectiveness (some combination is possible of optional features such as extra reflecting flaps or insulation or more careful construction or orientation).

Once the observations are complete, s’mores materials will be distributed, cooked, and enjoyed.

Resources and materials:
New Mexico Solar Energy Association site: http://www.nmsea.org/Curriculum/4_6/pizza_box_oven/pizza_box_ovens.htm
Identical large pizza boxes, extra cardboard for optional construction details, aluminum foil, newspaper, sharp scissors or box cutter (to be used by adults only), black paper, masking tape, plastic wrap, string, thermometers (ideally capable of readings of 300°F-though lower may suffice), paper plates, graham crackers, marshmallows, chocolate bars, napkins.

Instructing Concepts: (Catching Rays)
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 that 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: (Catching Rays)
Summary:  Students will create and set up solar collectors at various directions and angles in order to determine the best-fixed orientation for a solar panel. 
Outline:

· Student teams will collect hourly readings from solar collectors

· Teams will plot results on given charts

· Results will be discussed in large group

Activity:  Students will need solar collectors in order to complete this lesson.  If commercially produced collectors are not available, inexpensive collectors/ovens can be easily made using pizza boxes.  The New Mexico Solar Energy Association provides an excellent resource (link below) but similar information is available from other sources.  

It would be best to begin the activity in early to mid morning.  Students will each choose an orientation for their solar collector.  A variety of orientations are best so that data will differ and an ideal orientation is more likely to be found (at least one of which should face south).  Collectors should not be moved once the location is set.  One or two collectors could be turned towards to sun periodically in order to mimic a motorized collector mount.  The re-orientation of these should occur approximately 5 minutes prior to the recording of the new hourly reading.  A magnetic compass will be used in order to determine the degree of cardinal direction of the collectors’ placement.  For a challenge, a protractor can be used to determine the angle of the reflector towards the sun if a pizza box-style collector is used.  This data should be recorded on each team’s data sheet.  Each thermal-style collector (such as the pizza box ovens) will have a thermometer visibly located inside.  Data will be collected hourly until mid-afternoon.  The data will consist of either an interior temperature of the collector or a measure of its electrical output in a photovoltaic collector.  Outside air temperature in the shade may also be recorded hourly for comparison purposes if a thermal collector.
Following the completion of data gathering, students should create a line chart showing the collector’s interior temperature at each hourly data point.  The chart should also include lowest and highest recorded output/temperatures, the mean and median, and the details of the collector’s orientation.  Comparisons should be made between collectors with similar orientations.  Were their interior temperatures/electrical output similar throughout the day?  If not, examine the collectors to see if any obvious reasons exist.  Which collectors (except any that were re-oriented throughout the day) had the highest output/interior temperature?  Which had the highest median?  Did the re-oriented collectors have higher temperatures/electrical output?

Resources:  

· Solar collectors (See http://www.nmsea.org/Curriculum/4_6/pizza_box_oven/pizza_box_ovens.htm for a list of materials and directions for construction of pizza box solar ovens)

· Thermometers if thermal collectors are used (ideally capable of readings of 300°F-though lower may suffice)
· Volt-Ohmeters to determine electrical output for photovoltaic collectors
· Magnetic compass
· Graph paper
Understanding Learning: (Catching Rays)
Summary:  Students will write a short essay on the most effective directional orientation for solar collectors and the importance of this information in construction.  

Outline: 

· Formative assessment of solar collectors.

· Summative assessment of solar collectors.

Activity:  Students will be provided data that indicates temperatures within a solar collector or electrical output from a photovoltaic collector throughout the day.  If the experiment described in the Organizing Learning section of this lesson has been conducted, several representative data sets should be provided.  Students will analyze the data in order to determine the solar collector orientation and which was the optimum.  Students will write an essay that describes and explains the ideal orientation.  Students should answer the following questions through their essay: How could this information help with daily life?  How could this data help with the construction of a house, with the placement of solar collectors?  
Formative Assessment

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

1. Were some collector orientations more effective than others?  

2. What cardinal (compass) direction is closest to this most effective orientation?  Does that make sense with what you know about hotter and colder climates?  (Answer:  South should be the most effective cardinal direction)

3. What cardinal direction would be most effective if you lived in Australia?  (Answer:  North would be the preferred orientation)

4. Since fixed solar collector orientations all had some drawbacks, what would be the most effective way to orient solar collectors?  (Answer:  Moveable mounts that always orient the collector towards the sun)  Why isn’t this always done (Answer:  Cost)

5. Why would architects want to maximum solar exposure in some climates and minimize it in others?  (Answer:  Northern USA climates benefit from passive solar heating and Southern USA climates benefit from minimizing solar heating)

6. Challenge: Beyond the directional orientation (south vs. north), is there a more effective angle for the collector’s orientation (flat on the ground vss towards the sun)?  (Answer:  Yes, an angle towards the sun is more effective)

Summative Assessment

1) The completed essay will serve as the summative assessment.

Resources:
Solar collector output data
�





�





Public Domain Clip Art


pdclipart.com








© 2010 Board of Regents University of Nebraska

[image: image2.png]


