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Lab 3: The Sun and Climate

Name:

Lab Partner(s):

The main objective of today’s lab is for you to be able to visualize the sun’s position above the horizon (altitude) as it changes through the seasons, and to relate that to the solar declination, the latitude where the sun is directly overhead at noon. You’ll also get some experience with a marine sextant, a valuable tool if you are ever to become a pirate and sail the high seas.


You probably already know that, from our perspective on Earth, the sun appears to rise in the east, travel in an arc across the sky, and set in the west. If you are so lucky as to watch its progress across the sky from the beach during a hot July day, you will notice that it gets to be very nearly overhead at noon, and makes a “green flash” over the water just before it dips below the horizon in the evening. 

The sun’s position in the sky is measured using an angle measurement called the solar altitude. Imagine a giant protractor sitting with 0° on the horizon and 90° above your head. The sun’s “position” on this diagram is its altitude. Everybody (hopefully) knows that the sun isn’t really traveling across the sky, but we’re imagining right now…
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In front of the B building (Park Boulevard side) is a flagpole. You can use this flagpole and its shadow as an indicator of the sun’s altitude. Consider how different the flagpole’s shadow would be at noon versus late in the afternoon. 
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Exercises

1. What information would you need about the flagpole and its shadow in order to draw a scale drawing (similar to the one in the box on the right, above)?

2. Go outside and measure the flagpole’s shadow using the tape measure. Record your measurement in today’s field notes. Remember: the tape measure measures in feet and inches, but you will need to use metric measurements here. Be sure to write the original measurement as well as any conversions here. 1 in = 2.54 cm.
3. Carefully draw the flagpole and its shadow using a scale of 1:150 (1 cm on the drawing corresponds to 1.5 m in real life) in your field notebook. Label the flagpole, shadow, and solar altitude.

4. Measure the solar altitude using a protractor, and write it on your drawing.

5. On the drawing from #3, draw (to scale) shadows of the following lengths. Measure the solar altitude for each shadow. 

	Shadow Length = SL (m)
	Flagpole Height = FH (m)
	FH/SL
	Solar Altitude (°)

	0.50
	9.14
	18.3
	

	1.00
	9.14
	9.14
	

	3.00
	9.14
	3.05
	

	9.00
	9.14
	1.02
	

	15.00
	9.14
	0.61
	


6. Also in your field notebook, graph the sun’s altitude versus the “FH/SL” value above. FYI: If you fit a smooth curve to this relationship, it would be the tangent function that you may or may not know from trigonometry:
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or…
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You can measure the sun’s declination more easily with a marine sextant, which you’ve probably seen in movie where people say things like “avast, ye mateys” and “scurvy.” The sextant has a set of mirrors that you can maneuver so that the image of the sun’s disc coincides with the image of the horizon. This allows you the measure the angle of the sun above the horizon very precisely. 

Exercises

7. Good scientific note-taking always includes metadata, or information about how you took your measurements. Let’s say you were a scientist trying to determine the relationship between the sun’s position in the sky and the local air temperature in San Diego throughout the course of the year. Brainstorm with your teammates for a few minutes to decide what information besides solar altitude you will need to record. In your field notes, make a table like the one on p. 6 (labeled Solar Altitude Notes). In each row of the table, write down a list of questions that you will need to answer for each measurement. I have provided two questions as examples.

8. Using the sextant, measure the sun’s altitude and write it in the table in your notebook. Also record the other appropriate information. Remember always to record your units of measurement! We will return to this experiment later in the year.
As you should know by now, the sun’s altitude changes with the seasons. I’ve plotted the solar altitude at local solar noon (not exactly 12:00 noon on your watch…) over the course of a year on a graph below:
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Exercises

9. Draw a mark on the graph above that corresponds to your solar altitude measurement from #8. In your field notebook, explain the following: Does your mark exactly match the thick line on the graph above? If not, why not? Be as specific as possible in your answer. “Human error” is not an appropriate answer!
10. Remember the flagpole’s shadow that you measured in question #2? What time of year will the flagpole’s shadow be shortest? Is there ever a time of year where the flagpole has no shadow at all? Determine the length of the flagpole’s shadow at its shortest using the graphs and/or equations from #6. Show all of your work in your field notes, and remember to write down the units of measurement!
Take Home Exercises (To Be Discussed Next Week)

How did I make the graph on the previous page? I used an equation that relates the solar altitude to a number called the solar declination. The solar declination is the latitude at which the sun’s rays shine directly down at noon. Put another way, if you were standing at the solar declination, the sun would be directly overhead at local noon. The solar declination at noon on September 21st is 0°, which is at the Equator. If the flagpole were set up at the equator, it would have no shadow at noon on September 21st!

Here’s the equation I used:
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LAT stands for your latitude (positive numbers indicate north latitude). SD stands for solar declination (again, positive numbers refer to latitudes north of the Equator). How do you find SD? Read it from the graph below:
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…or on the table here:

	Date
	Solar Declination (°)

	January 1
	-23.1

	February 1
	-17.6

	March 1
	-8.4

	April 1
	3.9

	May 1
	14.9

	June 1
	22.1

	July 1
	23.2

	August 1
	18.0

	September 1
	7.8

	October 1
	-4.1

	November 1
	-15.3

	December 1
	-22.1


So, for San Diego (33°N) on September 1:
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11. Either using Microsoft Excel (available for use in the Independent Learning Center) or using a piece of graph paper, try to duplicate the graph of solar altitude for San Diego from pg. 3. 

12. What would a graph of solar altitude look like for the Equator (0°) and for a location in the Arctic with latitude 72°N? Make graphs of solar altitude for these two places. What do you think a negative solar altitude might mean? What do you think a solar altitude greater than 90° might mean?
13. Using your textbook, define the term insolation.

14. You can find the average monthly temperature for a variety of cities worldwide on the Web at http://www.worldweather.org (the World Weather Information Service, part of the World Meteorological Organization)
. Graph the temperature over the course of a year for San Diego and Biak, Indonesia (more or less at the Equator). Do you see a relationship between temperature and solar altitude? Describe this relationship in a few sentences, and explain why you think this relationship exists. You may want to use the term “insolation” in your explanation. 

15. Using what you now know about the relationship between temperature and solar altitude and about the solar altitude at the 72°N location, make some rough predictions about the temperature throughout the year at 72°N. Find a city in the worldweather.org list that will allow you to check your predictions.

16. Here’s something strange. Dallas, TX and San Diego have roughly the same latitude. Look up the average monthly temperatures for Dallas, and graph them on the same axes as your San Diego temperature graph. What are the differences between San Diego’s and Dallas’ temperatures? Why do you think the two sets of temperatures are different?

Solar Altitude Notes

	What is the solar altitude?
	

	What is the temperature?
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


� The website may list “mean daily maximum” and “mean daily minimum” temperatures instead of simply the mean temperature. For the purposes of this lab, you may approximate the average temperature by adding the maximum and minimum and dividing by two. E.g.:


Mean Min = 23.4°C; Mean Max =  30.0°C


Approximate Average = (23.4°+30.0°)/2 = 26.7°C
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		Date		Fraction of Year		Subsolar Point		Solar Altitude

		12/23/01		0.01		-23.4536281181		33.5463718819

		12/27/01		0.02		-23.3146954809		33.6853045191

		12/30/01		0.03		-23.0837503921		33.9162496079

		1/3/02		0.04		-22.7617042865		34.2382957135

		1/7/02		0.05		-22.3498281329		34.6501718671

		1/10/02		0.06		-21.8497474184		35.1502525816

		1/14/02		0.07		-21.263435733		35.736564267

		1/18/02		0.08		-20.593206981		36.406793019

		1/21/02		0.09		-19.8417062493		37.1582937507

		1/25/02		0.1		-19.0118993678		37.9881006322

		1/29/02		0.11		-18.1070612052		38.8929387948

		2/1/02		0.12		-17.1307627444		39.8692372556

		2/5/02		0.13		-16.0868569893		40.9131430107

		2/8/02		0.14		-14.9794637591		42.0205362409

		2/12/02		0.15		-13.8129534289		43.1870465711

		2/16/02		0.16		-12.591929682		44.408070318

		2/19/02		0.17		-11.3212113414		45.6787886586

		2/23/02		0.18		-10.0058133518		46.9941866482

		2/27/02		0.19		-8.6509269881		48.3490730119

		3/2/02		0.2		-7.2618993678		49.7381006322

		3/6/02		0.21		-5.8442123484		51.1557876516

		3/10/02		0.22		-4.4034608928		52.5965391072

		3/13/02		0.23		-2.9453309888		54.0546690112

		3/17/02		0.24		-1.4755772089		55.5244227911

		3/21/02		0.25		-0		57

		3/24/02		0.26		1.4755772089		58.4755772089

		3/28/02		0.27		2.9453309888		59.9453309888

		3/31/02		0.28		4.4034608928		61.4034608928

		4/4/02		0.29		5.8442123484		62.8442123484

		4/8/02		0.3		7.2618993678		64.2618993678

		4/11/02		0.31		8.6509269881		65.6509269881

		4/15/02		0.32		10.0058133518		67.0058133518

		4/19/02		0.33		11.3212113414		68.3212113414

		4/22/02		0.34		12.591929682		69.591929682

		4/26/02		0.35		13.8129534289		70.8129534289

		4/30/02		0.36		14.9794637591		71.9794637591

		5/3/02		0.37		16.0868569893		73.0868569893

		5/7/02		0.38		17.1307627444		74.1307627444

		5/10/02		0.39		18.1070612052		75.1070612052

		5/14/02		0.4		19.0118993678		76.0118993678

		5/18/02		0.41		19.8417062493		76.8417062493

		5/21/02		0.42		20.593206981		77.593206981

		5/25/02		0.43		21.263435733		78.263435733

		5/29/02		0.44		21.8497474184		78.8497474184

		6/1/02		0.45		22.3498281329		79.3498281329

		6/5/02		0.46		22.7617042865		79.7617042865

		6/9/02		0.47		23.0837503921		80.0837503921

		6/12/02		0.48		23.3146954809		80.3146954809

		6/16/02		0.49		23.4536281181		80.4536281181

		6/20/02		0.5		23.5		80.5

		6/23/02		0.51		23.4536281181		80.4536281181

		6/27/02		0.52		23.3146954809		80.3146954809

		6/30/02		0.53		23.0837503921		80.0837503921

		7/4/02		0.54		22.7617042865		79.7617042865

		7/8/02		0.55		22.3498281329		79.3498281329

		7/11/02		0.56		21.8497474184		78.8497474184

		7/15/02		0.57		21.263435733		78.263435733

		7/19/02		0.58		20.593206981		77.593206981

		7/22/02		0.59		19.8417062493		76.8417062493

		7/26/02		0.6		19.0118993678		76.0118993678

		7/30/02		0.61		18.1070612052		75.1070612052

		8/2/02		0.62		17.1307627444		74.1307627444

		8/6/02		0.63		16.0868569893		73.0868569893

		8/9/02		0.64		14.9794637591		71.9794637591

		8/13/02		0.65		13.8129534289		70.8129534289

		8/17/02		0.66		12.591929682		69.591929682

		8/20/02		0.67		11.3212113414		68.3212113414

		8/24/02		0.68		10.0058133518		67.0058133518

		8/28/02		0.69		8.6509269881		65.6509269881

		8/31/02		0.7		7.2618993678		64.2618993678

		9/4/02		0.71		5.8442123484		62.8442123484

		9/8/02		0.72		4.4034608928		61.4034608928

		9/11/02		0.73		2.9453309888		59.9453309888

		9/15/02		0.74		1.4755772089		58.4755772089

		9/19/02		0.75		0		57

		9/22/02		0.76		-1.4755772089		55.5244227911

		9/26/02		0.77		-2.9453309888		54.0546690112

		9/29/02		0.78		-4.4034608928		52.5965391072

		10/3/02		0.79		-5.8442123484		51.1557876516

		10/7/02		0.8		-7.2618993678		49.7381006322

		10/10/02		0.81		-8.6509269881		48.3490730119

		10/14/02		0.82		-10.0058133518		46.9941866482

		10/18/02		0.83		-11.3212113414		45.6787886586

		10/21/02		0.84		-12.591929682		44.408070318

		10/25/02		0.85		-13.8129534289		43.1870465711

		10/29/02		0.86		-14.9794637591		42.0205362409

		11/1/02		0.87		-16.0868569893		40.9131430107

		11/5/02		0.88		-17.1307627444		39.8692372556

		11/8/02		0.89		-18.1070612052		38.8929387948

		11/12/02		0.9		-19.0118993678		37.9881006322

		11/16/02		0.91		-19.8417062493		37.1582937507

		11/19/02		0.92		-20.593206981		36.406793019

		11/23/02		0.93		-21.263435733		35.736564267

		11/27/02		0.94		-21.8497474184		35.1502525816

		11/30/02		0.95		-22.3498281329		34.6501718671

		12/4/02		0.96		-22.7617042865		34.2382957135

		12/8/02		0.97		-23.0837503921		33.9162496079

		12/11/02		0.98		-23.3146954809		33.6853045191

		12/15/02		0.99		-23.4536281181		33.5463718819

		12/19/02		1		-23.5		33.5
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				Avg Insolation (kWh/m2/day)		Insolation		Daylight Hours

		December		2.65		110.4166666667		10

		January		2.86		119.1666666667		10.2

		February		3.7		154.1666666667		11

		March		4.76		198.3333333333		11.9

		April		6.09		253.75		12.9

		May		7		291.6666666667		13.8

		June		7.36		306.6666666667		14.3

		July		6.91		287.9166666667		14

		August		6.14		255.8333333333		13.3

		September		5.2		216.6666666667		12.4

		October		4.09		170.4166666667		11.3

		November		3.19		132.9166666667		10.5

		December		2.65		110.4166666667		10
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		Date		Fraction of Year		Subsolar Point		Solar Altitude

		12/23/01		0.01		-23.4536281181		33.5463718819

		12/27/01		0.02		-23.3146954809		33.6853045191

		12/30/01		0.03		-23.0837503921		33.9162496079

		1/3/02		0.04		-22.7617042865		34.2382957135

		1/7/02		0.05		-22.3498281329		34.6501718671

		1/10/02		0.06		-21.8497474184		35.1502525816

		1/14/02		0.07		-21.263435733		35.736564267

		1/18/02		0.08		-20.593206981		36.406793019

		1/21/02		0.09		-19.8417062493		37.1582937507

		1/25/02		0.1		-19.0118993678		37.9881006322

		1/29/02		0.11		-18.1070612052		38.8929387948

		2/1/02		0.12		-17.1307627444		39.8692372556

		2/5/02		0.13		-16.0868569893		40.9131430107

		2/8/02		0.14		-14.9794637591		42.0205362409

		2/12/02		0.15		-13.8129534289		43.1870465711

		2/16/02		0.16		-12.591929682		44.408070318

		2/19/02		0.17		-11.3212113414		45.6787886586

		2/23/02		0.18		-10.0058133518		46.9941866482

		2/27/02		0.19		-8.6509269881		48.3490730119

		3/2/02		0.2		-7.2618993678		49.7381006322

		3/6/02		0.21		-5.8442123484		51.1557876516

		3/10/02		0.22		-4.4034608928		52.5965391072

		3/13/02		0.23		-2.9453309888		54.0546690112

		3/17/02		0.24		-1.4755772089		55.5244227911

		3/21/02		0.25		-0		57

		3/24/02		0.26		1.4755772089		58.4755772089

		3/28/02		0.27		2.9453309888		59.9453309888

		3/31/02		0.28		4.4034608928		61.4034608928

		4/4/02		0.29		5.8442123484		62.8442123484

		4/8/02		0.3		7.2618993678		64.2618993678

		4/11/02		0.31		8.6509269881		65.6509269881

		4/15/02		0.32		10.0058133518		67.0058133518

		4/19/02		0.33		11.3212113414		68.3212113414

		4/22/02		0.34		12.591929682		69.591929682

		4/26/02		0.35		13.8129534289		70.8129534289

		4/30/02		0.36		14.9794637591		71.9794637591

		5/3/02		0.37		16.0868569893		73.0868569893

		5/7/02		0.38		17.1307627444		74.1307627444

		5/10/02		0.39		18.1070612052		75.1070612052

		5/14/02		0.4		19.0118993678		76.0118993678

		5/18/02		0.41		19.8417062493		76.8417062493

		5/21/02		0.42		20.593206981		77.593206981

		5/25/02		0.43		21.263435733		78.263435733

		5/29/02		0.44		21.8497474184		78.8497474184

		6/1/02		0.45		22.3498281329		79.3498281329

		6/5/02		0.46		22.7617042865		79.7617042865

		6/9/02		0.47		23.0837503921		80.0837503921

		6/12/02		0.48		23.3146954809		80.3146954809

		6/16/02		0.49		23.4536281181		80.4536281181

		6/20/02		0.5		23.5		80.5

		6/23/02		0.51		23.4536281181		80.4536281181

		6/27/02		0.52		23.3146954809		80.3146954809

		6/30/02		0.53		23.0837503921		80.0837503921

		7/4/02		0.54		22.7617042865		79.7617042865

		7/8/02		0.55		22.3498281329		79.3498281329

		7/11/02		0.56		21.8497474184		78.8497474184

		7/15/02		0.57		21.263435733		78.263435733

		7/19/02		0.58		20.593206981		77.593206981

		7/22/02		0.59		19.8417062493		76.8417062493

		7/26/02		0.6		19.0118993678		76.0118993678

		7/30/02		0.61		18.1070612052		75.1070612052

		8/2/02		0.62		17.1307627444		74.1307627444

		8/6/02		0.63		16.0868569893		73.0868569893

		8/9/02		0.64		14.9794637591		71.9794637591

		8/13/02		0.65		13.8129534289		70.8129534289

		8/17/02		0.66		12.591929682		69.591929682

		8/20/02		0.67		11.3212113414		68.3212113414

		8/24/02		0.68		10.0058133518		67.0058133518

		8/28/02		0.69		8.6509269881		65.6509269881

		8/31/02		0.7		7.2618993678		64.2618993678

		9/4/02		0.71		5.8442123484		62.8442123484

		9/8/02		0.72		4.4034608928		61.4034608928

		9/11/02		0.73		2.9453309888		59.9453309888

		9/15/02		0.74		1.4755772089		58.4755772089

		9/19/02		0.75		0		57

		9/22/02		0.76		-1.4755772089		55.5244227911

		9/26/02		0.77		-2.9453309888		54.0546690112

		9/29/02		0.78		-4.4034608928		52.5965391072

		10/3/02		0.79		-5.8442123484		51.1557876516

		10/7/02		0.8		-7.2618993678		49.7381006322

		10/10/02		0.81		-8.6509269881		48.3490730119

		10/14/02		0.82		-10.0058133518		46.9941866482

		10/18/02		0.83		-11.3212113414		45.6787886586

		10/21/02		0.84		-12.591929682		44.408070318

		10/25/02		0.85		-13.8129534289		43.1870465711

		10/29/02		0.86		-14.9794637591		42.0205362409

		11/1/02		0.87		-16.0868569893		40.9131430107

		11/5/02		0.88		-17.1307627444		39.8692372556

		11/8/02		0.89		-18.1070612052		38.8929387948

		11/12/02		0.9		-19.0118993678		37.9881006322

		11/16/02		0.91		-19.8417062493		37.1582937507

		11/19/02		0.92		-20.593206981		36.406793019

		11/23/02		0.93		-21.263435733		35.736564267

		11/27/02		0.94		-21.8497474184		35.1502525816

		11/30/02		0.95		-22.3498281329		34.6501718671

		12/4/02		0.96		-22.7617042865		34.2382957135

		12/8/02		0.97		-23.0837503921		33.9162496079

		12/11/02		0.98		-23.3146954809		33.6853045191

		12/15/02		0.99		-23.4536281181		33.5463718819

		12/19/02		1		-23.5		33.5
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				Avg Insolation (kWh/m2/day)		Insolation		Daylight Hours

		December		2.65		110.4166666667		10

		January		2.86		119.1666666667		10.2

		February		3.7		154.1666666667		11

		March		4.76		198.3333333333		11.9

		April		6.09		253.75		12.9

		May		7		291.6666666667		13.8

		June		7.36		306.6666666667		14.3

		July		6.91		287.9166666667		14

		August		6.14		255.8333333333		13.3

		September		5.2		216.6666666667		12.4

		October		4.09		170.4166666667		11.3

		November		3.19		132.9166666667		10.5

		December		2.65		110.4166666667		10
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