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Heat Transfer – Radiation Worksheet
The amount of energy absorbed by an object depends upon the following: 

· The object's absorptivity, which, in the visible range of wavelengths, is a function of its color

· The intensity of the radiation striking the object

Darker-colored objects absorb more visible radiation, whereas lighter-colored objects reflect more visible radiation. That's why we usually choose light-colored clothing on really hot days. 

Every surface on earth absorbs and reflects energy to varying degrees, based on its color and texture.

In this activity, students will investigate how different surfaces absorb heat and will apply their experience with the surfaces to interpret real-world situations. 

[image: image1.png]



Learning Goals
1. Students will understand that the physical characteristics of a surface have a powerful effect on the way that surface absorbs and releases heat from the sun.

2. Students will understand that radiation of heat occurs without the involvement of a physical object.
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Materials for Each Group of Students
· Three pie pans

· Dark potting soil

· Light-colored sand or perlite 
· Perlite is not a trade name but a generic term for naturally occurring siliceous volcanic rock. The distinguishing feature which sets perlite apart from other volcanic glasses is that when heated to a suitable point in its softening range, it expands from four to twenty times its original volume.
· Water

· Three rulers

· Three thermometers

· Reflector lamp with a 200-watt bulb

· Graph paper

· Watch with a second hand
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Procedure
1. Pose a scientific question about physical characteristics of various materials and their ability to transfer heat (ask how one thing (the independent variable) affects another thing (the dependent variable). ________________________________________________________________________________________________________________________________________________________________________
2. Develop a hypothesis (or probable answer) to question posed above. Hypotheses are often written as if, then statements. ________________________________________________________________________________________________________________________________________________________________________

3. Design an experiment using the materials listed above and which can be completed within a class period.  Write out the procedure including variables and controls. ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

4. Create data tables to record the results of your experiment. Examples: 

	Heating Cycle

	Surface material
	Start time
	Start temp.
	Temperature each minute

	
	
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
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	Cooling Cycle

	Surface material
	Start time
	Start temp.
	Temperature each minute

	
	
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	    
	  
	  
	        
	        
	        
	        
	        
	        
	        
	        
	        
	        

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	


5. Perform the experiment making sure to record all data in the data tables.

Note: Feel free to vary the materials in the pie pans. Use different colored soils, dry and wet soils, grass, green or dry leaves, or different types of coverings such as plastic or aluminum foil. Encourage students to use their imaginations. You may wish to assign students to design and conduct their own research into the influence of surfaces on temperature.
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Observations and Questions
1. Using the data tables, graph the heating and cooling cycles to compare the rates at which the various substances heated and cooled. (Remember TAILS! - Title, Axis, Interval, Labels, Scale)
2. Which material absorbed more heat in the first ten minutes?

3. Which material lost the most heat in the last ten minutes?

4. Imagine that it is summer and that the sun is shining on the ocean and on a stretch of land. Which will heat up more during the day? Which will cool more slowly at night? Explain.

5. Imagine three cities in the desert, all at about the same altitude and latitude. 

· One city (A) is surrounded by a dark-colored rocky surface.

· Another city (B) is surrounded by a light-colored sandy surface.

· The third city (C) is built on the edge of a large man-made desert lake. 

· Which city would likely have the highest average summer air temperature and why?

6. The earth's surface tends to lose heat in winter. Which of the above cities would have the warmest average winter temperature? Why?

7. The sun is approximately 93 million miles from the earth and space has no temperature, so how do we get heat from the sun?

8. How would the uneven energy absorption by different surfaces on earth (water, soil, snow, trees, sand, etc.) affect the atmosphere?
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Evaluate 
· Students should respond to the questions in a research notebook and submit it for evaluation.

· After some exploratory work and class discussion about these phenomena, show other surfaces and ask students to predict the heating and cooling curves and justify their predictions.
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Teacher Information

The following is an example experimental design.  Depending on students’ level of understanding and ability you may need to provide them with such “scaffolding” or direction as they design their own experiments.  This same technique may apply to creating data tables.  You may want to provide students with the completed data tables above or have them create their own based on their experimental design. 
· Fill the pie pans to the same level, one with dark soil, one with light sand, and one with water.

· Place the pie pans on a table or desk and position the lamp about 12 inches above them. 

[image: image7.png]Light soil

Water
Da





· Place a thermometer into each pie pan, securing it so it measures the temperature just under the surface of the substance in the pan. 

· Record the starting temperatures on the data table.

· Turn on the lamp and record the temperature of each substance every minute for ten minutes.

· At the end of ten minutes, turn the lamp off.

· Continue to record temperatures for each substance every minute for ten minutes.

