	Classroom  Demonstrations
and Activities
	Speed of Sound and Light

	Purpose:  The students will be able to measure the speed of sound through air. 

                            The students will be able to observe the effect of density on the speed of sound throughout various materials.
                            The students will be able to see how light can “bend”. 

                            The students will be able to physically demonstrate the effect of the changing speed of light in different materials.
Standards Covered:   

7.3.18    Describe that light waves, sound waves, and other waves move at different speeds in different materials.
Materials Needed:   
         Speed of Sound Activities:

· Dominos

· A football field or large measured distance

· Stop watches

· A “slap stick”
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          Refraction Activities: (Light)
· Styrofoam cups

· Fine tip permanent markers

· Masking tape or a 20-30 foot rope.



Introduction:  


 Sound waves and light waves are very different things.  Sound waves require a medium to travel, some kind of physical material.  Sound waves are the compression and rarefaction (decompression) of physical material.   This compression and decompression allows sound waves to travel through solids, liquids, and gases.  Sound travels through solids, liquids, and gases through vibrations in the material.  Sound waves cannot travel through space, because in space there is no physical material to vibrate or transfer sound.  Space is a vacuum, and a vacuum is defined by the very absence of physical material.  On the other hand light waves do not require physical material to travel, because light waves are disturbances in immaterial things: electric and magnetic fields.  Probably more than you wanted to know, but because light waves and sound waves are very different kinds of waves they travel at very different speeds.

As stated before, sound can travel through solids, liquids, and gases. Remember that sound causes the molecules or atoms within solids, liquids, and gases to physically vibrate back and forth.  The speed at which sound travels through a material depends on the density of the material. Because solids, liquids, and gases have very different densities, sound will travel at different speeds as it is transmitted through different types of materials.   If a material is very dense the molecules or atoms are very closely packed together and sound can move very fast.  In a low density material, like air, sound travels much slower because the atoms are farther apart.  The following activity with dominoes will illustrate this point. As a rule sound travels slowest through gases, faster through liquids, and fastest through solids.  
            Speed of sound through air (gas) = 343 m/s or 767 mph

            Speed of sound through water (liquid) = 1,482 m/s or 3,315 mph

            Speed of sound through steel (solid) = 5,790 m/s or 12,950 mph


The speed of light as it travels through air and space is much faster than that of sound; it travels at 300 million meters per second or 273,400 miles per hour.  Visible light can also travel through other things besides through air and through space. Visible light can also travel through certain types of glass, plastics, water, and other materials. Because of the physical differences in the makeup of the materials light actually travels slower through water and glass. 
     Speed of light in a vacuum and air = 300 million m/s or 273,400 mph.
     Speed of light in water = 226 million m/s or 205,600 mph.
     Speed of light in glass = 200 million m/s or 182,300 mph. 
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Because light travels so fast it is difficult to measure the change in its speed in different materials.  The phenomenon of refraction, the bending of light in water or glass, can be explained by the fact that light waves travel at different speeds in different materials. The phenomenon of refraction can be seen when looking at a straight straw placed in a glass of water.  From above, the straw appears to be bent, right below the surface of the water.  If the straw is removed from the glass it becomes apparent that the straw is not actually bent; it is only an optical illusion.  Another example would be if you point a LASER pointer at an angle at a clear container of water, some of the light from the LASER will be visibly re-directed and travel in another direction through the water. The remainder of the light is reflected off of the surface of the water.    
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     The image of an object is composed of hundreds of thousands of tiny waves of light traveling together in a straight line called an image or wave front. Because light travels slower through water and glass, when this image or wave front passes through water or glass at an angle, the image will be redirected or “bent” at the surface of the glass or water.  The direction of the image is always bent away from the surface of the water.
 Sound Waves:

     Activity #1: (Measuring the Speed of Sound)
     We can determine the speed at which something travels at by dividing the distance something travels by the time it took the object to travel that distance.
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If an object travels sixty miles in two hours, its average speed is thirty miles per hour.  We can use this same concept to determine the speed of sound. 
Before the Activity:

· Discuss what sound is and what causes it.
· Discuss the concept of speed. 

· Ask the students how fast they think sound travels.
· Discuss how the speed of sound was first measured and tell them they will perform a similar experiment, except without the cannons!
· The speed of sound was first measured using a cannon. Standing on a hill some distance away from the cannon someone measured the time between the flash of the cannon and the following boom.  The distance between the hills was known. So to calculate the speed of sound they simple divided the known distance by the time it took the sound to travel that distance.  They assumed that light travels so fast that by the time the light from the cannon flash reached their eyes the sound had barely just left the cannon. They could justify using the flash to mark the start of the sound as it traveled from the cannon to their position. 
Taking Data:

1. Before the activity find a large pre-measured space (football field), or measure a large distance yourself using a tape measure or by measuring your stride and multiplying the number of paces required to traverse a given distance times the distance of strides (This measurement can also be done as a part of the activity).
2. Bring all of the students to one side of the field or at one side of the measured distance. 

3. Distribute stop watches to several students. Tell them they are going to measure and record the time it takes the sound to travel the given distance.  Have them start their timers when they see the “slap stick” close and stop their timers when they hear the following “SLAP”.   Have them each take and record five measurements. 
4. Once the students understand what they are doing and what they have to record, walk to the opposite side of the field or measured distance.  Before you use the “slap stick” to generate the sound, make sure that the students are ready to take the measurement.  Do this five to ten times so the students can get five “accurate” measurements. 
Calculations:

1. Have the students record 10-20 of their reasonable time measurements up on the board.
2. Using the measured times on the board, have the students calculate the average amount of time it took the sound to travel the measured distance.

3. In order to calculate the speed in miles per hour, have the students convert the distance the sound traveled into miles and the average time into hours.  (5,280 ft = 1 mi.) (3600 seconds = 1 hr.)
4. Plug the distance (in miles) and the time (in hours) into the speed equation to find the classes’ measured speed of sound (in miles per hour).
5. Compare the measured value to the accepted value of 767 mph.  

Activity #2: (Racing Dominoes)
1. Setup two lines of dominoes on a table or a large desk.  In line one have the dominoes spaced far apart from one another, but close enough so when they fall they will able to knock over the next domino in line. The dominoes in line two should nearly be touching (See illustration). The lines must at least three feet long for the activity to work!
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2. Ask the students what would happen if you knocked over one of the dominoes in the lines. Tell them that you are going to knock over the first domino in each line at the same time.   Have them discuss which line of dominoes will win the race and be the first to cross the finish line (or if they think it will be a tie). 
3. Use a yard stick or book to start the race, knocking over the first domino in each line at the same time. 
4. Discuss the results with the students:  
· Which line came in first? Second? 

· Why did line 2 win? 
· Discuss how the relationship between the spacing of the dominoes and the speed of them falling over is a great illustration of how the speed of sound is directly related to the spacing of the atoms or molecules in which the sound is traveling.  The closer the atoms or molecules are to one another, the faster the sound will travel within the material. 

· Will sound travel the fastest in air, water, or steel?  (gas, liquid, or solid?) Why?

Light Waves :  
Activity #3: (Bending of Light)
      (Prior Knowledge Required :)  Students should understand that when we see an object, what we are actually seeing is the light waves that are reflected off of the object, that travel in a straight line to our eyes.
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1. For each group in a class prepare a Styrofoam cup with the appropriate markings on the bottom of the cup using a fine tip permanent marker. Draw closely spaced parallel lines on the bottom of the cup. 

2. Divide the students into several groups, and give each group one of the prepared Styrofoam cups.  
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Each group should place the cup on a flat table or desk. Have one student rest his/her head on top of a pile of text books. The Styrofoam cup should be placed just far enough away so he/she cannot see any of the parallel lines on the bottom of the cup (Tell the observing standing student not to move their head)! 
4. Have another student in the group slowly fill the cup, stopping to let the water settle every 1/4 of the cup.  Each time the water settles the stationary student should make an observation of the bottom of the cup, without moving his/her head.   

5. Have the groups repeat the activity so each student in the group can see what is happening.
6. Have each group write up answers to these questions: 
a. What did you observe as the water was poured into the cup?

b. How many lines could you see when the cup was nearly full?

c. If you did not move the position of your head, how were you able to see the lines?
7. Discuss the experience with the entire class. Discuss via a diagram on the board the path of the reflected light from the lines on the bottom of the cup to the observer’s eyes. The students should come away with an understanding that the light must have been bent by the water for the lines to have been visible.  (Explain that this happens because light slows down when it travels through water, glass, and other materials)
(Refraction Demonstrations:)  
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Place a straight straw in a drinking glass. When looking down from above it appears that the straw is bent at the surface of the water, but if the straw is removed the student can see that it is indeed straight.
· Point a LASER pointer at an angle at a clear container of water or fish tank. From the side students can see that the light beam will be re-directed at the surface of the water (See the illustration on the 3rd page).
Activity #4: (Refraction activity)
Purpose: This activity allows students to see how an image composed of individual light waves can be “bent” when it comes in contact with water at an angle, and that this is caused by the slowing down of light waves as they travel through water. 
Motivation: Have the students do Activity #3 or show them the refraction demonstrations. 
Before the Activity:

· Discuss the differences between sound waves and light waves:

· Light waves travel much faster than sound waves.

· Light waves do not need a medium in which to travel but sound waves do. 

· Explain that unlike sound, light waves travel fastest through a vacuum and air, and slower through other materials such as glass or water. (Actual speeds are on the 2nd page) 

· Tell the students that the following activity will simulate how light waves are bent because they travel slower through water. 
Procedure:
1. Lay a rope or piece of tape on the floor or ground to act as the boundary between the “air” and “water”.
2. Arrange the students in a straight line facing the boundary between air and water (See following diagram). Have the line of students make a 45 degree angle with the boundary (They should be on the air side).
3. Tell the students that they are individual light waves, and together as a straight line they make up one image (The image of one object is actually composed of hundreds of thousands of light waves or photons).
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4. Ask the students to approximate the angle between their straight line and the boundary.

5. Tell the students that they are going to travel through “air” and into the “water”, taking one step at a time.  While they are on the “air” side of the boundary they will take one full step every time you tell them, but once each individual student crosses the boundary and enters the “water” their step will consist of placing one foot in front of the other so that they are touching (The different size steps will simulate the different speeds of light in air and water). Remind the students that they will all change their steps at different times, only once they’ve crossed the boundary!
6.  Tell the students to take one step every time you tell them (Tell them to try to take the same size steps, remembering that it must change once they’ve crossed the boundary). Continue to do this until every student has crossed the boundary and has entered the “water”. 
7. Once more, have the students approximate the angle their line of “light waves” makes with the boundary of the water (It should be a smaller angle).
8. Ask the students if the “image” (the line of students) was redirected once it entered the water (The direction of the line should have been changed).
Assessment: (These question could be used on a test or quiz)
**The first question comes directly from the Classroom Assessment suggestions from the Indiana State Standards to assess indicator 7.3.18.**
1. Why is it incorrect to say,“The speed of sound is 343 m/s?”

A. Sound waves travel at different speeds in different materials.

B. Sound waves travel too quickly to be correctly measured.

C. Sound waves travel faster at lower temperatures.

D. Sound waves travel too slowly to be measured.

2.  Sound travels fastest in _______________.

A. Gases
B. Jell-O.

C. Liquids.
D. Solids.

3.  Which statement is false when dealing with refraction? (Choose the best   answer)
A. Light travels faster in air than it travels in water water.

B. The speed of light never changes.
C. Light waves travel faster than sound waves.

D. All of the above statements are false.

4.  If there was a large explosion several miles away from where you were standing, would you see the explosion or hear it first (Assuming you are able to both see and hear the explosion)? Why?

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________.

Answers:  1. A, 2. D,  3. B 

4. You would see the explosion before you heard it because light waves travel much faster than sound waves.
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