TRACE THE INVISIBLE LIGHT(II)
1.  The session consists of three parts. First, review what students know about reflection and  refraction and how light travels from place to place. This can be related to the telescopes at Yerkes that they have seen and may have used.  The idea that light travels in straight lines can be brought out by asking students if they can see an object that is around the corner of the room door. Bring out the idea that light travels form place to place as a wave.  As the wave move from one substance to another, the light changes speed. Have the students model wave motion, first moving from one medium to another straight and then at an angle. Have the students observe what happens to the direction of travel. Second, the students can assemble the devices for emitting and detecting the IR radiation.  And finally, the students will use the devices to trace the path the IR takes as it passes through the lens.
2.  MODELING  LIGHT WAVES.

Have a group of students form a straight line. This represents a wave front  as it travels through space. Have the students practice moving at a constant speed, keeping the line straight.   Standing in front of the student wave front, have students imagine that you are standing at the base of a large hill. Ask what will happen when the line gets to the base of the hill.  Try to get the students to say the line should slow down. Have the students model the motion by moving forward and slowing down when they reach the bottom of the hill, keeping the line straight. Have students notice what happens to the direction of motion of the wave front as it starts up the hill.  (If you have a nice hill outside, you could use it to do this.) Relate this to what happens to the speed of light when it goes from one substance to another. (For example, from air to water.) Ask what would happen if the wave front started at the top of the hill and moved down. Next, line up the students so that they are at an angle with the base of the hill. Ask what should happen when the wave front gets to the base of the hill. The students should bring out the idea that each part of the line should slow down as it reaches the base of the hill. With the students lined up, point out the direction the line is moving.( Perpendicular to the wave front) Have the wave front move forward with each student slowing down as they reach the bottom of the hill.  After all students have reached the hill, try to determine the direction the wave front is now moving. The students should be able to see the direction is now different.  This is refraction. 
3.
ASSSEMBLYING THE EMITTER AND DETECTOR

A. Connecting the emitter


     ( In hooking up the wires, each negative wire will be marked with a piece of tape, the positive will not have the tape)The emitter will be have two infrared LED hooked together, each with its own wires. You will connect the wires from the single battery case to  the emitter wires, negative to negative, and positive to positive. 

      B. Connecting the detector

      Next connect the negative wire of the two battery case to the negative wire on the the detector. (In both battery cases, the spring end is the negative and the negative end of the battery is flat)  Using a jumper cable with clips on both ends, connect the positive wire of the two battery case to the positive wire of the buzzer. Connect the negative wire of the buzzer to the positive wire of the detector.  Insert batteries and test; then disconnect to save batteries. 


C. To each of the openings on the emitter, use tape to attach a 10 inch piece of string. The string should be taped on so that it is directly below the slit of the emitter.  

4.
TRACING THE  LIGHT PATHS.


With strings attached, tape the emitter to the paper with the lens outline. The slits of the emitters should be over the straight lines slong the edge of the paper.

Pick one of the strings and tape it to the front of the detector, again keeping the string below the slit. Reconnect the batteries. Holding the emitter so that it doesn’t move, move the detector so the string is tight. Move and twist the detector so the sound of the buzzer is loudest.  Notice the direction of the string. This will be the path the infrared light takes as it goes from the emitter to the detector. With the string pulled tight, place the double convex lens over its outline on the paper. The string from the detector should be under the lens. Pushing down on the lens will help hold the string in place. While holding the string tight, move and twist the detector, trying to find the loudest sound. When the loudest sound is found, tape the string to the paper with a piece near the lens and a second piece near the detector.  Carefully remove the first string from the detector and attach the second piece of string as before. Move the battery wires from the first emitter to the second and repeat the experiment.  What happens to the infrared light when it goes through the lens?

If time allows, repeat using a double concave lens, using the paper with the double concave outline. 

When finished be sure to remove batteries from the cases. 
5.  ANALYSIS
1.  Could you see the infrared light? How did you know it was there?
2.  What type of lens was used? Concave or convex?
3.  Do the rays of light meet after they go through the lens? If they do, what name is given to the point where they meet? What shape lens caused this?
4. If the rays don’t meet after going through the lens, what is happening to them? What shape lens caused this?
5.  What happens to the speed of light as it goes form one substances to another? 
