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	ARCS Lesson Plan
Solar Radiation and Water Temperature
YAAYS Summer 2008




ARCS Leadership 2008
Presenters:  Ted Peters, Natalie Dorrler, Dewey Caton
Objective(s):   Expose students to an inquiry-based scientific experiment where students will measure the temperature of Geneva Lake as a function of water depth and make conjectures about the relationship and reasons for any variation.  Introduce concepts of water clarity and solar penetration through hands-on observation with the naked eye and solar filters.  Provide an introduction to the water cycle, thermal profiles of lake temperatures as a function of seasons and depth, solar radiation and wavelength of light, and overview of scientific methods and equipment.  Expose students to real world applications of science and to science-related occupations.
Standard(s): 
(Based on the 4th & 8th grade Wisconsin Model Academic Standards)
Science:

· A.4.2 When faced with a science-related problem, decide what evidence, models, or explanations previously studied can be used to better understand what is happening now
· A.8.4 Collect evidence to show that models developed as explanations for events were (and are) based on the evidence available to scientists at the time
· B.8.6 Explain the ways in which scientific knowledge is useful and also limited when applied to social issues

· C.4.4 Use simple science equipment safely and effectively, including rulers, balances, graduated cylinders, hand lenses, thermometers, and computers, to collect data relevant to questions and investigations

· C.4.5 Use data they have collected to develop explanations and answer questions generated by investigations

· C.4.6 Communicate the results of their investigations in ways their audiences will understand by using charts, graphs, drawings, written descriptions, and various other means, to display their answers

· C.4.7 Support their conclusions with logical arguments

· C.4.8 Ask additional questions that might help focus or further an investigation
· D.8.8 Describe and investigate the properties of light, heat, gravity, radio waves, magnetic fields, electrical fields, and sound waves as they interact with material objects in common situations

· D.8.9 Explain the behaviors of various forms of energy by using the models of energy transmission, both in the laboratory and in real-life situations in the outside world
Environmental Education:

· A.4.1 Make observations, ask questions and plan environmental investigations* (see Science [SC] Inquiry; English/Language Arts [LA] Research)

· A.4.2 Collect information, make predictions, and offer explanations about questions asked (see: SC Inquiry)

· A.4.3 Develop answers, draw conclusions, and revise their personal understanding as needed based on their investigations* (see SC Inquiry)

· A.4.4 Communicate their understanding to others in simple terms (see LA Writing)

· A.8.3 Use techniques such as modeling and simulating to organize information gathered in their investigations* (see Mathematics [MA] Process)
· A.8.4 Use critical-thinking strategies to interpret and analyze gathered information (see SC Inquiry)
· A.8.5 Use the results of their investigations* to develop answers, draw conclusions, and revise their personal understanding

· B.4.1 Describe the flow of energy* in natural systems, citing the sun as the source of energy* on the earth; e.g., a food chain (see SC Physical Science)

· B.4.7 Draw a simple hydrologic cycle*

· D.4.1 Demonstrate knowledge of a decision-making process that includes selecting and using data, suggesting possible alternatives, predicting consequences, and being aware of available resources (see SC Inquiry; LA Inquiry)
· C.8.5 Use accepted scientific knowledge, models*, and theories* to explain* their results and to raise further questions about their investigations*

· C.8.6 State what they have learned from investigations*, relating their inferences* to scientific knowledge and to data they have collected

· C.8.7 Explain* their data and conclusions in ways that allow an audience to understand the questions they selected for investigation* and the answers they have developed

· C.8.10 Discuss the importance of their results and implications of their work with peers, teachers, and other adults

· C.8.11 Raise further questions which still need to be answered
Anticipatory Set:  
Instructional Strategies, Methods, Activities:  
See handout below for substantive detail of lesson. 

Chronology:

1. Introduction of the agency & brief explanation of our efforts/purpose, focusing on the fact that the students will be using equipment and procedures that we, as scientists, use on a daily basis.

2. Barrel exercise:  Start by having students form hypotheses about what kind of data/trends they are likely to see, followed by taking measurements and getting acquainted with the equipment.  Show the students the data previously gathered.   
3. Split into two groups, one for each boat.

4. Designate data keepers.

5. Safety overview.

6. Life jackets.

7. Load the boats & head out to the sampling site. ( roughly 20 minute time limit per exercise)

8. Complete first experiment.

9. Switch equipment with other boat.

10. Complete second experiment.

11. Discuss concepts on laminated graphic sheets regarding water cycle, seasonal lake changes and solar wavelength & why our data collected in these experiments was relevant, important, useful, etc.  Hold off on discussing thermocline until data has been graphed

12. Arrive back on land and gather again as a group.

13. Copy and distribute data sheets & have the recorders from each boat report the data to their classmates for their own records.  

14. Allow time for the students to graph their data (perhaps while eating snack, etc).

15. Discussion as a large group to compare data and correlate trends between their own data and specifically discuss the “plateau”.  Then introduce the concept of the thermocline, and tie it into the stratification, season lake changes, etc. that were previously discussed.

16. Brief conclusion tying in the fact that the sun is the source of all energy on earth and powers all cycles, such as solar radiation’s effect on water temperature and the water cycle, and need to collect multiple sets of data before drawing a conclusion.
Contingency plan:  In the event of time pressure due to the boat portion running over:  

(1) copy boat data and a thermocline graph (either from laminated copy or prior group’s graph) for each student

(2) discuss how they could graph their own data themselves later

(3) cover the thermocline phenomenon and conclusion.

Assessment: 
Journaling, data sheet, graph.  Group discussion.
Note:  Lesson Plan starts next page
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WATER TEMPERATURE AND ENERGY IN LAKES
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Purpose:


The purpose of this exercise is to familiarize the students with what happens to solar radiation as it passes through the air or water. It will focus on that process in water by measuring light penetration into water and related water temperatures.  All participants will have the opportunity to experience this relationship on a demonstration scale.  Students will have the opportunity to measure and observe solar radiation’s impact on a micro environment (buckets) and macro environment (Geneva Lake) by measuring light and water temperatures at different depths.  Participants will relate their measurements to time and depth of water.  Students will also have the opportunity to observe what happens to different wave lengths of visible light as it penetrates water. The relationship between what happens to solar radiation as it passes through water and as it passes through the atmosphere will be discussed.  

Background:


The sun is the source of all energy on earth.  Water is responsible for many of the cycles and processes on earth such as weather, the water cycle, food chains, and energy flows. The water cycle is a simple yet important process that moves water around the planet. Through evaporation, precipitation, runoff, groundwater and surface flow, water changes phases and is moved from place to place.   

Significant amounts of the sun’s energy passes through space and hits the earth’s atmosphere as radiation. As the sun’s energy moves through the atmosphere its fate is much the same as it passes through water.    It can be absorbed, transmitted or reflected.  The same can be said of sun’s energy when it passes through water. 


  As light passes through water or air, it is diminished with distance.  This diminishing is a result of light absorption and scattering. As the water or air absorbs the light it increases in temperature.  Light can be absorbed by many things that are in either the water or air.  For the purpose of this exercise we will talk mainly about the absorption of light in water, yet many of the concepts are also applicable to air. 


In water, light absorption and scattering can generally be divided into three basic categories;

· The water molecule, H2O

· dissolved material in the water

· -other gases, oxygen, carbon dioxide

· -organics (acids, such as tannic)

· -dissolved ions Na, Cl, K, PO4, NO3
· suspended material


· -plants and animal, both living and dead

· -other suspended material, soil, 
The depth to which light can penetrate into water is also due to how much and the angle that light hits the water surface.  At different times of the year and different times of the day light hits the water surface at different angles.  This plays a big role in how much and what type of light will enter the water. The closer the angle of impact is to straight up, such as during mid-summer and mid day, when the sun is higher in the sky and the angle of impact is closer to 90o, the more light will enter the water.   

The water molecule itself absorbs light.  In distilled or clean water, different wave lengths of light are absorbed at different rates as they pass through the water column.  The infra-red and reds are absorbed within in the first meter of water. Visible light that penetrates the water becomes limited more and more with depth to a narrow band of blue light. That is why, in part, water in deep clear lakes appears blue.  

Lakes that appear green have high concentrations of small plants, algae, whose chlorophyll poorly absorb green light and thus reflects it.  Dissolved organics such as tannic acid, tend to absorb more of the blues or lower end of the visible light spectrum. 

 Along with the energy of the wind (also solar driven), the heating of water sets into motion a stratification process that results in lakes in the northern hemisphere becoming layered.    The stratification is seasonal as it is related to amount of solar radiation available.  The strongest and most pronounced stratification takes place during the summer when solar radiation is also the highest. 

 As the solar radiation enters the water, individual wavelengths react differently. During the spring when solar radiation is increasing and the winds are stronger due to ambient air pressure and temperature differences, the surface water heat up.  During the fall mixing season when solar radiation is decreasing and the winds are again strong, the surface water is cooling down and the lake becomes uniform from top to bottom.  During winter the air is colder than the water, thus heat is given off to the atmosphere by the water.   The coldest water (ice 0oC) is at the surface and results in the water freezing.   Due to the unique physics of the water molecule, water is most dense at 4oC. Thus water at the bottom of winter stratification is 4oC (see enclosed graphic of lake seasons). Surface temperatures of the lake can vary annually from 0oC to 28oC.  The bottom water in the lake may change from 4oC to 9oC from winter to summer.  All these temperature changes are the results of solar radiation and wind.  


  
 Water absorbs and releases energy at slower rates than land. Water will heat up and cool down slower than land.   This difference often causes large lakes to produce their own weather with clouds, winds and precipitation unique to the lake area only.  

The heating of water requires energy input.  The cooling of water gives give off energy.  Scientists use the term “calorie” as a measure of the amount of energy needed to change the temperature of water.  The calorie is the basic measure of energy and is defined as the amount of energy needed to raise one gram of water one degree centigrade. 

Materials:

-A submarine photometer - a photo cell on a line that is attached to a meter that reads the light in foot candles. 

-A secchi disc - a 20 cm round disc that is divided into alternately colored white and black quadrants and attached to a calibrated line.

-three color filters, red, green and blue.  

- The Yellow Spring Instruments (YSI) tele-thermometer is comprised of a probe on a calibrated line which is attached to a Model 57 meter.  Although the probe is capable of reading dissolved oxygen, we will only be reading temperature in degrees centigrade.  The most accurate way to read this meter is to look straight down at the dial matching the red arm with its reflection in the mirror on the dial.

-flip chart

-2 - boats with proper gear

-life jackets for each participant 

-clip board/pencils and waterproof data sheets

-2 - 50 gal. barrels

-handouts and glossary

-Six sets of three different colored filters

Procedure:
Monday - Thursday: 
 Exercise 1: (20 – 30 min.) All participants will arrive at the George Williams Campus lakefront dressed for the weather and ready to go out on the lake in a boat.  They will be briefed about the session, proper use of equipment, light, radiation, temperature and energy.  The meters will be set up and ready to use.  

Two buckets filled with water will be set up with one in the sun and the other in the shade.  Using the tele-thermometer the group will record the air temperature and water temperatures at both the top and bottom of the water in both barrels. Ambient light reading will be recorded using the photometer.  Upon returning from the lake and conducting exercise 2 and 3, a second reading of barrel water temperature and ambient air temperature and photometer reading will be measured and recorded.  All exercise 1 data will be recorded on a flip chart with the time and group number/name. The relationship to air temperature, light reading and water temperature will be discussed.   


Exercise 2: Lake Temperature/Light Penetration: Participants will be briefed on boat safety.  When completed, they will board one of the two boats and prepare to motor to the monitoring site on the lake.  Boat A will have the tele-thermometer and data sheets.  Boat B will have the photometer, secchi disk, data sheets and colored filters.


Upon arriving at the monitoring site, each boat should designate one person to record the data.  Boat A, with the tele-thermometer, will prepare the instruments and measure air temp one meter above the water surface.  Once this is recorded the process should be repeated with temperature readings every 2 meters into the lake until the lake bottom is reached (42m). Care should be taken to record the proper number of readings. 


Exercise 3:  Light Penetration/Lake Temperature: Using the photometer, Boat B will record the light readings above the surface by holding the photocell one meter above the water and having a second person read the value.  Once this is written down, the photocell is lowered to the surface with the reading recorded.  This is repeated for every meter until no light is recorded.  


While some of the students are collecting and recording the photometer readings, the other students can be doing secchi disk readings.  The secchi disk is slowly lowered into the water column until it can no longer be seen.  The depth at which it disappears is recorded.  The disk is lowered a meter and then slowly raised until it become visible. The depth at which it reappears is recorded.   The average of the two depths is recorded.  

This process is repeated looking into the water through the red, blue and green colored filters.  Each student should view the secchi disk with the naked eye and with each of the three filters.   

After the boats finish their first data collection, the tele-thermometer, photometer and secchi disks will be exchanged between boats and the other exercise repeated on each boat. 

Discussion:

Micro – environment:  The barrel exercise will collect data over the whole day.  As the solar radiation increases so should the water temperature.  The difference between the shade bucket and the sun bucket demonstrated the impact of the sun upon the earth’s surface and water. Although ambient air temps above the bucket are not significantly different, the water temperature in the buckets should be different.  

Over the course of the day the water in the sun bucket may begin to stratify.   The warmer water should be at the top of the sun bucket as it is less dense, more exposed to solar radiation and poorly mixed. Any heat transfer between the surface water and the deeper water will most likely be from convection, a rather poor means of heat transfer within water.    


Macro-environment:  The lake temperature readings show a very distinct stratification with temperature varying from top to bottom as much as 150C.  The dark, cool stagnant bottom water is separated from the warmer upper water by a layer of rapid temperature change called the thermocline, where the water temperature changes at least 1oC for every meter of depth. As depth increases, light and temperature decreased.  

Mixing that is driven by wind at the lake’s surface results in relatively uniform temperature in the top ten meters.  The wind mixes the surface water that is heated by solar radiation.  In the bucket experiment, the transfer of heat from the surface water was not as efficient because there was not wind to mix the water.  Transfer of heat to the water in the bottom of the barrel was only by convection, a rather inefficient means of heat transfer.     

Once below the ten meters, the wind no longer plays much of a role in lake temperature, nor does solar radiation- this is where we find the thermocline.  Photometer readings show a steady decrease in light with depth. There is a direct relationship between the amount of light entering the water, water depth and water temperature.  

Different wave lengths of light are absorbed at different rates as they pass though the water.  The depth to which the students can see the secchi disk with the different color filters represent which light is absorbed faster and which wave length is transmitted more. 

Additional glossary terms: (omitted from student page)

· Convection- convection is the direct transfer of energy between molecules that are in contact with one another.
· Condensation- condensation is the accumulation of water molecules from a gaseous state into the liquid form.
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