Jim Carver-Brown



March 8, 2008

Investigtion Summary

The goal is for students to complete a four component activity, two of which are detailed below, that assesses the viability of employing photovoltaic devices on a large scale at the Mansfield Public Schools Campus as an economic strategy and to improve the environmental impact of the school system. The four components are to determine the available space for equipment, to research the local insolation, to evaluate the available equipment alternatives and to perform a cost analysis. This last module needs to incorporate government incentives, many still being developed.
The first two modules are in place and have been used with two classes since the beginning of March, 2008. The last two components are being developed and will be used in the classrooms by student teams starting in the second week of May. This is dictated by the schedule of Advanced Placement examinations, occurring from May fourth to May 13 for the students involved.
Frameworks

Earth and Space Science

In earth and space science, students study the origin, structure, and physical phenomena of the earth and the universe. Earth and space science studies include concepts in geology, meteorology, oceanography, and astronomy. These studies integrate previously or simultaneously gained understandings in physical and life science with the physical environment. Through the study of earth and space, students learn about the nature and interactions of oceans and the atmosphere, and of earth processes…… At the high school level, students review geological, meteorological, oceanographic, and astronomical data to learn about Earth’s matter, energy, processes, and cycles….. Students learn about the renewable and non-renewable energy resources of Earth and what impact these have on the environment.
Physics
The physical sciences (chemistry and physics) examine the physical world around us. Using the methods of the physical sciences, students learn about the composition, structure, properties, and reactions of matter, and the relationships between matter and energy. Students extend their knowledge of waves and how they carry energy. 

Tools play a key role in the study of the physical world, helping students to detect physical phenomena that are beyond the range of their senses. By using well-designed instruments and computer-based technologies, students can better explore physical phenomena in ways that support greater conceptual understanding.

SIS3. Analyze and interpret results of scientific investigations.

· Present relationships between and among variables in appropriate forms.

· Represent data and relationships between and among variables in charts and graphs.

· Use appropriate technology (e.g., graphing software) and other tools.

· Use mathematical operations to analyze and interpret data results. 

· Assess the reliability of data and identify reasons for inconsistent results, such as sources of error or uncontrolled conditions.

· Use results of an experiment to develop a conclusion to an investigation that addresses the initial questions and supports or refutes the stated hypothesis.

· State questions raised by an experiment that may require further investigation.


SIS4. Communicate and apply the results of scientific investigations.

· Develop descriptions of and explanations for scientific concepts that were a focus of one or more investigations.

· Review information, explain statistical analysis, and summarize data collected and analyzed as the result of an investigation.


Explain diagrams and charts that represent relationships of variables

Technology and Engineering

Technology/engineering works in conjunction with science to expand our capacity to understand the world. Science investigates the natural world. The goal of engineering is to solve practical problems through the development or use of technologies, based on the scientific knowledge gained through investigation
Overview/Schedule
Modules one and two (included) are created and implemented by the end of March2008. 

Modules three and four are created and implemented by the end of May2008.
A Summary Report is presented to the school administrators by the second week of June, 2008.
Part One  



 This initial module enables students to gather satellite images of specific features, integrate them into ImageJ and then determine areas using the components of this software. Subsequently, students are asked to expand their familiarity with on-line satellite imaging sources. 

Image  J Procedure

Obtaining an Image
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A. 1.Go to Google Earth

2. In search space, enter Mansfield ma

3. In “Fly To” enter 250 East Street Mansfield MA

4. Use scrolling tool to center on 250 East Street school complex.

5. adjust “ eyealt ” to approx 700meters. Determine that your image includes Mansfield High School, Robinson Elementary School, Qualters Junior High School, the Jordan Jackson Elementary School and the Mansfield High School Alumni Field. The latter is VERY important. 

6. Create a project file with your name, today’s date and the title, School Images.

7. Save your image to this file. 

Importing/Calibrating Your Image
B. 1. Go to your All Programs space on your desktop and find and open ImageJ

2. In ImageJ, go to File pull down menu, select open.

3. In the resulting “Open” box, locate your project file. Open your saved image.

4. Select the magnifying tool. (located under Analyze)

5. Magnify the football field until it nearly fills your filed of view.

6. Highlight the straight line selections tool(under the word Image).

7. Carefully place the cursor on the zero yard line. Be careful that you don’t include the end zone! Hold down your mouse key or touch pad and draw a straight line from the zero yard line to the one- hundred yard line. This should result in a line being drawn on your image. 

8. Highlight the Analyze pull down menu and move down to set scale. Highlight this choice.

9. The Set Scale box that opens has four fields and a global check box. 

a. the first field has values in it. This is the number of pixels represented by your drawn line. DON’T MODIFY THIS FIELD.

b. the second field is Known Distance. Enter into this field 100.0 

c. Pixel Aspect Ration should be left alone

d. Unit of Length, set as yards. 

e. Be certain that Global is checked

f. choose OK. 

10.Highlight the Polygon Selection Tool(the polygon image located under the         

Edit heading).

a. place your cursor on one of the corners of the football field            

b. trace out the perimeter of the football field ending bringing your cursor to the location you began your trace at. You should now have a rectangular image on your jpg. 

c. Return to the ImageJ headings and under Analyze, choose Measure.

d. In a moment a results box should appear. Your football field area is calculated based upon your calibrations settings from before. The true value of the field is 5000 square yards. You should be able to match this value within one percent. 

TRUE VALUE – EXPERIMENTAL VALUE  x  100 = PERCENT ERROR

             TRUE VALUE


             Practice until you can get within one percent error. 



        Record your area value and the error calculation you made.
Measuring Building Areas
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1. Return to the ImageJ bar and again select the magnifying tool, as in  B4 above.

2.  Using your measuring tool, determine the area of each roof surface on the school buildings in the Mansfield Campus. Above are designations that you should use to keep your data organized. A-F are Qualters, H-L are Mansfield High School, M-R are Robinson and S and T Jordan Jackson. Use this data page to record your information.

	Area Mansfield High School Campus Buildings
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	School
	
	
	Building 
	
	Area(squareYards)

	
	
	
	
	
	
	
	

	
	Qualters Middle School
	
	A
	
	
	

	
	Qualters Middle School
	
	B
	
	
	

	
	Qualters Middle School
	
	C
	
	
	

	
	Qualters Middle School
	
	D
	
	
	

	
	Qualters Middle School
	
	E
	
	
	

	
	Qualters Middle School
	
	F
	
	
	

	
	Mansfield High School
	
	H
	
	
	

	
	Mansfield High School
	
	I
	
	
	

	
	Mansfield High School
	
	J
	
	
	

	
	Mansfield High School
	
	K
	
	
	

	
	Mansfield High School
	
	L
	
	
	

	
	Robinson Middle School
	
	M
	
	
	

	
	Robinson Middle School
	
	N
	
	
	

	
	Robinson Middle School
	
	O
	
	
	

	
	Robinson Middle School
	
	P
	
	
	

	
	Robinson Middle School
	
	Q
	
	
	

	
	Robinson Middle School
	
	R
	
	
	

	
	Jordan Jackson
	
	S
	
	
	

	
	Jordan Jackson
	
	T
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	Total
	
	
	
	
	


3. At the conclusion of your exercise, return to the football field and re-measure it. Record your new area value. 

Addendum
      When you complete the activity above, re-open the initial Google Earth and enter Massachusetts into the “ Fly To “ search panel. Note at the  bottom. The Layers heading with a primary Database subdivided into eight sub-headings. Clear each of the boxes and then study the image. 

1. To what do you think the numbers in  the lower left of the image refer? Move the scrolling tool(hand) around in the image with the enter key depressed. What happens to the image? What happens to the values when you move your cursor without holding down the entry key? Move to the very tip of Cape Cod, Race Point beyond Province Town. Record the latitude and longitude at this point. 

2. Above and to the right of Province Town is the North Atlantic Ocean. Using your scrolling tools. Back out until the values in the lower right of your image, the Eye alt(itude) read about 900 km. Note the light blue ocean floor and the deeper blue ocean floor to the east and south. What do these colors indicate?
Part Two

 This second module involves students gathering Insolation data on-line and reformatting it to make it suitable for introduction into Excel spreadsheets. This data will be combined with the data created in module one. Ultimately students will create a graph displaying the available energy based upon the physical characteristics of the Mansfield School Campus and the incident solar energy. They will be asked to display a range of data based upon theoretic efficiencies.

Excel Procedure

The goal of this activity is to determine the amount of insolation, the product of incident solar energy based upon the duration of sunlight and the geographic location, available to the Mansfield School system. As this technology is advancing at a rapid rate, a follow-up activity needs to examine various current equipment options available and the subsidies from the federal government to determine the financial benefits of investing in passive solar technology.

Collecting Data
1. Go to http://aom.giss.nasa.gov/srlocat.html
2. Enter the location for Mansfield, MA into the latitude and longitude fields. The latitude is 42 01 07N and the longitude is -71 13 18W. The field requesting date should be modified to 2008 and the number of the month 1.
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Insolation at Specified Location

‘This web page produces a mumerical table of surise, sunset, daily insolation at top of atmosphere, and sunlight-weighted cosine of the zenith angle at a single specified location. The produced table contains data for a single month, or
‘amonth is not provided, data for a single calendar year. Latitude and longitude must be given in degrees and hundrediths of degrees, not degrees and mimies. Defauit location is the Central Park weather station, New York City.

Enter latiude: 40.78  in degrees. North latitade is positive, south atitude is negative.
Enter longitude: 7397 in degrees. East longitude is positive, west longitude is negative
Enteryear 2009 AD.

Enter numerical month:

(eSemiy]

As explained in the fle SRERROR TXT, the Atmosphere-Ocean Model assumes that the Sunis a point source. The cohumas for dally insolation (suslight) and mean zenith angle in the produced table contime to use this assumption.
‘The maximum error for this assumption occurs at the poles during the equinoxes where the table's algorithm would indicate no insolation but n reality there should be about x.xx (W/m?). The columns for sunrise and sunset, however,
do consider the radius of the Sun's disk as seen from the Earth (0.267° on average) and atmospheric refraction of sunlight (approximately 0.583° on the horizon). The table should be accurate to within one minute. During equinoxes,
‘poists on the equator see about 12 hours and 7 mimtes of daylight. The 7 mimites are due to the radius of the Sun's disk and atmospheric refiaction.

SRLOCAT.FOR is the Fortran source code of the program used on this web page.

Page Links to 4x3 Atmophere-Ocean Model
COLORPLOTS STATISTICS MODELDOC  MODEL DATA SUNLIGHT ~ PUBLICA

LINEPLOTS  GENINFO MODEL CODE OBSERVE DATA TIDES and MOON PEOPLE

Enter questions about this page:
Enter your name:

Internet | Protected

Telecon 017 1:06 PM




3. Highlight the data produced. Go to the Edit menu above and activate Copy.

4. Open a new Word document entitiled Mansfield Insolation Values.

5. Paste the data into the document.

6. Return to the Insolation data web page. Change the month field to 2 and enter. Again highlight the data, copy it and paste it to your word document. 

7. Repeat this for all twelve months of the 2008 calendar year. 

Formatting Data for Excel

1. Your collected data has been saved as a word document. It must be opened and saved again but this time as a Plain Text document. 

2. When saving be certain to select Windows Default and insert breaks.

3. Open a new excel file.

4. Highlight the Data tab. To the far left is a field that states Get External Data. Highlight this field.

5. Highlight the source selection, From Text.

6. Locate your saved data text file and highlight it.

7. The Text Import Wizard – Step 1 of  3 that opens must have the Delimited field chosen. Enter next.

8. The Step 2 of 3 panel must have the space highlighted. Enter next.

9. Step 3 of 3 General is highlighted. Enter Finish

10. The Import Data field asks you to choose a range in your spreadsheet to place the data. Highlight C5 with your cursor and ether OK

        Preparing Data for Analysis

SAVE WORK FREQUENTLY !!!!!

1. The data as imported exceeds what we need for our analysis. Highlight the date heading, copy it and insert it into a new excel page. Insert this at least five rows down from the top. This first entry should be 1/1/2008.

2. Highlight the 1/1/2008. In the bottom right corner, grab and drag the calendar date down until you have 1/31/2008. Note the row value of your first and last date entry. There should be 365 entries!

3. Return to the original data page and locate and highlight the entire column headed by(W/mｲ). Copy this data to the last day of the month.

4. Move to your second excel page and insert the new data adjacent to the corresponding date. Remember that, with the heading that you copied, you need to place the insert into a row two above the 1/1/2009 date. 

5. Steps one through four need to repeated for all twelve months. You can save effort by continuing the dragging of the dates in step 2 until you have 12/31/2008.

6. Analysis of Building areas.

a. On a new spreadsheet, list the building data you collected. Build a spreadsheet that incorporates the information on your data collection page, building designation, area, etc. 

b. Calculate the total area .

c. Convert the area from square yards to square meters. This keeps it consistent with your insolation data. 

d. Calculate percentages for your total area. Suggested values might be

80%, 60%, 40%, 20%. 

7. On a new spreadsheet, copy your insolation data, dates and energy values.

8. Create modified energy values by multiplying your daily data by the 1005 area, 80% area, etc. 

9. Create one Graph that displays all of the available energy. Your horizontal axis should be your dates, the vertical axis should be Kilowatts( convert from Watts) and the title should be Mansfield Schools Kilowatts of Energy. 

10. Print out The first page of tour Insolation Data including dates, daily values at each differing percentage and your chart. 
STUDENT OUTPUT
Nineteen students completed most of this work in groups of three. This was produced by one group for the first part. 

William Mackie, Josh Primiano, Jess Simons


March 5, 2009-03-19

Carver-Brown

1. 

	Area Mansfield High School Campus Buildings
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	School
	
	
	Building 
	
	Area (square Meters)

	
	
	
	
	
	
	
	

	
	Qualters Middle School
	
	A
	
	1400
	

	
	Qualters Middle School
	
	B
	
	720
	

	
	Qualters Middle School
	
	C
	
	662
	

	
	Qualters Middle School
	
	D
	
	893
	

	
	Qualters Middle School
	
	E
	
	1823
	

	
	Qualters Middle School
	
	F
	
	672
	

	
	Mansfield High School
	
	H
	
	1987
	

	
	Mansfield High School
	
	I
	
	2100
	

	
	Mansfield High School
	
	J
	
	560
	

	
	Mansfield High School
	
	K
	
	6753
	

	
	Mansfield High School
	
	L
	
	800
	

	
	Robinson Middle School
	
	M
	
	245
	

	
	Robinson Middle School
	
	N
	
	563
	

	
	Robinson Middle School
	
	O
	
	880
	

	
	Robinson Middle School
	
	P
	
	1452
	

	
	Robinson Middle School
	
	Q
	
	986
	

	
	Robinson Middle School
	
	R
	
	673
	

	
	Jordan Jackson
	
	S
	
	2156
	

	
	Jordan Jackson
	
	T
	
	2225
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


2.Latitude and longitude. The numbers change. The picture moves. 42N, 71W

3. The ocean gets deeper. 

Again student groups worked in part two.

	
	
	
	
	100
	80
	60
	50
	25
	

	
	
	
	
	KW tot
	KW tot
	KW tot
	KW tot
	KW tot
	

	1/1/2008
	
	121.7612
	1/1/2008
	5213.573
	4170.931
	3128.168
	2606.786
	1303.698
	

	1/2/2008
	
	122.3214
	1/2/2008
	5237.559
	4190.121
	3142.56
	2618.779
	1309.696
	

	1/3/2008
	
	122.9234
	1/3/2008
	5263.335
	4210.742
	3158.026
	2631.668
	1316.141
	

	1/4/2008
	
	123.5839
	1/4/2008
	5291.617
	4233.368
	3174.995
	2645.809
	1323.213
	

	1/5/2008
	
	124.2863
	1/5/2008
	5321.689
	4257.426
	3193.038
	2660.845
	1330.733
	

	1/6/2008
	
	125.0388
	1/6/2008
	5353.909
	4283.203
	3212.371
	2676.955
	1338.79
	

	1/7/2008
	
	125.8414
	1/7/2008
	5388.278
	4310.698
	3232.992
	2694.139
	1347.384
	

	1/8/2008
	
	126.6859
	1/8/2008
	5424.436
	4339.625
	3254.687
	2712.218
	1356.426
	

	1/9/2008
	
	127.5805
	1/9/2008
	5462.742
	4370.27
	3277.671
	2731.371
	1366.004
	

	1/10/2008
	
	128.5253
	1/10/2008
	5503.196
	4402.634
	3301.943
	2751.598
	1376.12
	

	1/11/2008
	
	129.5203
	1/11/2008
	5545.798
	4436.716
	3327.505
	2772.899
	1386.773
	

	1/12/2008
	
	130.557
	1/12/2008
	5590.19
	4472.231
	3354.14
	2795.095
	1397.874
	

	1/13/2008
	
	131.6356
	1/13/2008
	5636.372
	4509.177
	3381.85
	2818.186
	1409.422
	

	1/14/2008
	
	132.7643
	1/14/2008
	5684.703
	4547.842
	3410.848
	2842.351
	1421.508
	

	1/15/2008
	
	133.9349
	1/15/2008
	5734.823
	4587.939
	3440.92
	2867.411
	1434.041
	

	1/16/2008
	
	135.1556
	1/16/2008
	5787.091
	4629.754
	3472.282
	2893.545
	1447.111
	

	1/17/2008
	
	136.4181
	1/17/2008
	5841.149
	4673.001
	3504.717
	2920.575
	1460.628
	

	1/18/2008
	
	137.7224
	1/18/2008
	5896.997
	4717.681
	3538.226
	2948.499
	1474.594
	

	1/19/2008
	
	139.0769
	1/19/2008
	5954.994
	4764.078
	3573.024
	2977.497
	1489.096
	

	1/20/2008
	
	140.4648
	1/20/2008
	6014.422
	4811.622
	3608.681
	3007.211
	1503.957
	

	1/21/2008
	
	141.9029
	1/21/2008
	6075.998
	4860.884
	3645.627
	3037.999
	1519.354
	

	1/22/2008
	
	143.3744
	1/22/2008
	6139.006
	4911.291
	3683.432
	3069.503
	1535.11
	

	1/23/2008
	
	144.8961
	1/23/2008
	6204.162
	4963.417
	3722.526
	3102.081
	1551.403
	

	1/24/2008
	
	146.4513
	1/24/2008
	6270.751
	5016.688
	3762.48
	3135.375
	1568.054
	

	1/25/2008
	
	148.0482
	1/25/2008
	6339.129
	5071.392
	3803.507
	3169.564
	1585.152
	

	1/26/2008
	
	149.687
	1/26/2008
	6409.297
	5127.528
	3845.608
	3204.649
	1602.699
	

	1/27/2008
	
	151.3592
	1/27/2008
	6480.897
	5184.809
	3888.569
	3240.449
	1620.603
	

	1/28/2008
	
	153.0732
	1/28/2008
	6554.288
	5243.522
	3932.603
	3277.144
	1638.955
	

	1/29/2008
	
	154.829
	1/29/2008
	6629.468
	5303.667
	3977.712
	3314.734
	1657.754
	

	1/30/2008
	
	156.6099
	1/30/2008
	6705.722
	5364.672
	4023.465
	3352.861
	1676.822
	

	1/31/2008
	
	158.4326
	1/31/2008
	6783.767
	5427.108
	4070.292
	3391.883
	1696.338
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Reflections of Activity
Student teams were able to follow instructions reasonably well. I did have access, for on period when introducing the ImajeJ exercise, to an overhead computer display and I could walk through steps with students. Individuals could not have completed this easily. Our schedule only allows activity for about 45 minutes, so in the future, it will be worth arranging an extended period. 

The Excel exercise was more challenging by far. Formatting data and then manipulating it proved daunting. If our setting allowed it, I’d like to develop smaller introductory activities. 

The rationale for the last two components coming after the Advanced Placement exams is I am able to access highly capable students( AP students have NOT done this yet) with time on their hands and I’ll hopefully inspire them into looking at this report as their legacy to the school. 
