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Albedo and Angle of Incidence Measurement
The Principal Objectives

The STEM Context
      “Evidence consists of observations and data on which to base scientific explanations. Using evidence to understand interactions allows individuals to predict changes in natural and designed systems.” The National Science Education Standards: 1994 (Page 117)

Examples of Related National Science Education Standards

Examples of National Science Education Learning Standards:

· As a result of their activities in grades 5-8, all students should develop an understanding of the transfer of energy.

· “Light interacts with matter by transmission (including reflection), absorption, or scattering (including reflection…. “(Page 155)
· “The sun is a major source of energy for changes on the earth’s surface.  A tiny fraction of that light reaches the earth, transferring energy from the sun to the earth. The sun’s energy arrives as light with a range of wavelengths, consisting of visible light, infrared, and ultraviolet radiation.” (Page 155)
· As a result of their activities in grades 9-12, all students should develop an understanding of interactions of energy and matter.
· The total energy of the universe is constant. Energy can be transferred by collisions in chemical and nuclear reactions, by light waves and other radiations, and in many other ways. However, it can never be destroyed .As these transfers occur, the matter involved becomes steadily less disordered. (Page 180)

   www.umassk12.net/ipy
A STEM ED Program at the University of Massachusetts, funded by the National Science Foundation and supported by the
 Climate System Research Center in conjunction with the International Polar Year 
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Materials
     
This activity, which uses paper or Styrofoam plates, is similar to write-ups using wood covered with construction paper (D. Zachary Smith, www.tufts.edu/as/wright_center/iecws/materials/ albedo.pdf) or shallow boxes lined with construction paper and covered with saran wrap (Scott Gordon).

The materials list calls for 2 thermometers; one can be used if enough time is allowed for it to return to room temperature. If the sun is shining, it could presumably be used in place of the heat lamp, although we have not tried this. Note that in practice thermometers may differ slightly in their initial readings at room temperature, but the increases they measure should still be valid.

Getting consistent results in this activity requires careful positioning of the plates so that they receive equal amounts of light.

Sample Data

	
	Black
	White
	Black (30º)

	Time
	Temp ºC
	Temp ºC
	Temp ºC

	0
	25.0
	25.5
	24.0

	1 min
	36.1
	30.3
	28.2

	2 min
	48.0
	35.6
	32.8

	3 min
	53.5
	39.9
	36.2

	4 min
	57.9
	43.3
	39.3

	Temp change 
	32.9
	17.8
	15.3


Examples of Answers to Questions (Part I)
Question 1: What types of materials reflect a lot of sunlight?
Shiny surfaces, white or silvery surfaces.
Question 2: What factors might influence how much sunlight is absorbed as heat on the surface of Earth?

Dark or light areas; angle at which sun hits surface
Question 3: Why would the albedo of old snow be less than the albedo of fresh snow?

Dirt, dust; freezing and thawing making irregular surfaces.
Question 4: Which plate had the larger temperature change? If you have made albedo measurements with a light meter, how do the results compare?

The black plate has the larger temperature change, as we would expect.

A light meter measurement of the albedo gave 0.60 for the white paper and 0.08 for the black. This suggests the white paper absorbs 1 – 0.60 = 0.40 = 40% of the light, and the black absorbs 1 – 0.08 = 0.92 = 92% of the light. In that case the ratio of the temperature changes would be 40/92 or 0.43. In the sample data above, the ratio is 18.8/32.9 = 0.54. This difference could easily be due to experimental errors. Alternatively, the albedo measured with the light meters for visible light might not be correct for the albedo of the lamp, which mostly emits infrared light. 
Question 5:  How might your experimentation help you understand how the loss of ice and snow in the Polar Regions would contribute to climate change, especially in Polar Regions?
Decreasing albedo as snow and ice are replaced by water or bare earth or plants means more absorption.
Part II Discussion Notes

   The angle at which light strikes the Earth’s surface is much more important than the distance to the Sun.  This explains that during Northern Hemisphere winters we are closer to the sun than in the summer, and we still have cold weather. In the polar summer, sunlight is further from perpendicular incidence than in temperate regions, which helps to explain the polar climate. This experiment explores the relationship between the angle of incidence and heat absorption.
Examples of Answers to Questions (Part II)
Question 6: Which black plate had the larger temperature change?

The plate with light at normal incidence had the larger change.
Question 7: How do you interpret your result?  


More energy was absorbed because more rays struck that plate.
Question 8:  From your construction of the ramp, you can see that its projected area perpendicular to the horizontal rays is just half the surface area of the ramp. In the same way, the projected area of the plate is half its total area. This means it absorbed half as many light rays. Is this reduction consistent with your data? Explain.

In the sample data set above, the temperature increase in the 30( plate was 15.3/32.9 = 0.46.5% times that found in the perpendicular plate. That is close to 50%, and well within the errors of this simple experiment.
Question 9: What are some possible sources of error in this experiment?


Errors in measuring distances – assuring that the plates are equally far from the lamp. Not centering the plate on the light from the lamp.  Errors in reading the thermometer. Heat losses from the plates which may not be comparable in the various cases.  
Question 10:  How might the results of your experimentation explain why the Polar Regions are colder than the lower Latitudes?


Even in the summer, the sun is low in the sky in the Polar Regions, and less energy is absorbed than in regions closer to the equator.
Possible extensions
· Have students graph the data and comment on the shape of the resulting curves.

· Use additional colors in the albedo experiment. Green, for example, would illustrate the effect of vegetation.

· Vary the angle of incidence.

· Use temperature probes and computer interfaces if you have them.

Where to buy materials
The heat lamps are called “clamp lamps” and are sold for use in raising baby chicks and the like. They can be found in farm supply stores and online at Aubuchon’s web site, http://www.hardwarestore.com/. We used 250 watt bulbs in obtaining the sample data above. Note that some lamps are rated for lower wattage bulbs. Prices range from about $10 to $20 without the bulb, which cost an additional $4 to $5 each.
Internet Resources
   The following web sites include information about a study of albedo in the Arctic, images of polar researchers collecting albedo data, and data obtained by students at several participating elementary schools.

· http://www.arcticice.org/brwweb/index.htm
· http://www.arcticice.org/albedo.htm
  The following is the Teacher’s Domain web site with activities adapted from NASA and USGS activities and produced by WGBH in Boston.
· http://www.teachersdomain.org/resources/ipy07/sci/ess/watcyc/albedo/index.html
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