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Radiation Law Activities

Scientific “laws” are not like civil or criminal laws. They are not statements of “Thou shall not…” Rather, laws in science are descriptions of the behavior of things like the law of gravity or Newton’s laws of motion. Light has many laws or description of behavior that relate such things as temperature to the type and amount of radiation produced. In this activity you will learn about three radiation laws in their simplest forms. 

In order to conduct the following three activities, you will need a light bulb on a dimmer. 

Activity I: Wien's Law – How does temperate affect the color of a glowing object?

Before turning the light bulb one, note that when it is off it is quite cool and emits no visible light. (It does reflect that light falls upon the filament.) If you now turn the dimmer to high, the light bulb becomes brightly lit. This is when the light bulb is at its hottest. As you change the temperature of the filament from hottest to coolest, what happens to the color of light it emits? In the area below, indicate the colors the filament passes through starting with white.
__________
__________
__________
__________
__________

Hottest










         Coolest

Complete the following sentence: The cooler a glowing object becomes, the (color) __________ the light it emits becomes. The opposite is also true. The hotter a glowing object becomes, the (color) __________ the light it emits. 

If your light bulb could get hotter still (as hot as a blow torch or electrical welder), it would turn blue white. But then, the filament would melt and the light bulb would go out. 

So, what can you say that the color of a glowing object tells us? 




If you made your observations and conclusions correctly, then this is a simple statement of Wien’s Law. The mathematical form is much more complicated and looks like this: 
[image: image1.wmf]
Note that Wien’s Law does not apply to objects that are not visibly glowing. For instance, a blue piece of paper is not hotter than a red piece of paper. The blue paper is blue because it reflects mostly blue light; the red paper is red because it reflects mostly red light.

Activity II: Stefan's Law – How does temperature affect the amount of light emitted by a glowing object?

Before turning on your light bulb, notice how much light it emits. Then, slowly increase the flow of electricity to the light bulb and notice how the amount of light appears to change. In the area below, indicate the brightness of the light bulb at the various temperatures.

__________

__________

__________

Cool


      Warm


        Hot

Complete the following sentence by circling the correct word: The hotter a glowing object becomes, the (brighter / dimmer) it appears.

If you did your work correctly, the above is a statement of Stefan’s Law in its simplest form. The mathematical form is much complicated and looks like this: 
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Activity III: The Stefan-Boltzmann Law – How does the nature of the glowing object affect the amount of light that it emits?

A more complete form of Stefan’s Law, sometimes called the Stefan-Boltzmann Law, takes into account one more thing. Just what, we’ll let you figure out. Examine two light bulbs (say a 15 watt and a 60 watt) both turned up full. Both appear the same color – white. By Wien’s Law, we know that if two light bulbs have the same color, then they must have the same __________.

If this is so, how is it possible that the two light bulbs can appear to have different brightness? This is the mystery of the Stefan-Boltzmann Law. It takes into account one more factor.

When the light bulbs have cooled, look carefully at their filaments. What do you see is different between the two filaments?

It is the surface area of the filaments that makes all the difference. More surface area mean more light can be emitted even at the same temperature. The mathematical form is much more complicated still and looks like this: 
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Astronomers use these laws, and several others, to learn about stars. By using Wien’s Law, they can determine a star’s temperature. By using the Stefan-Boltzmann Law and measuring a star’s total outpouring of light (its luminosity, L), they can determine its size!
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