Light and Sound

NPES Panther Pete Science Lab – Grade 4


	Center 3 Description:  Light Refraction & Reflection and the Light-Ray Box

	Part A:  Refraction and Reflection

Introduction:
· Light is a form of energy called “radiant energy”.  It travels freely and very, very fast through space in straight lines called light rays. 
· It will always travel straight unless it meets something that makes it change direction or blocks it.  Also, light travels at different speeds depending on what material it’s traveling through (i.e. air, water, glass). Let’s look at different ways light rays behave.

Activity 1:

· Explain “refraction”:  The refraction of light is when light bends as it passes through one transparent (see-through) substance/material to another.  For example, when light rays pass from air to water, the speed of light changes making the light rays bend as they go through the surface of the water.

· Put a colored straw in a glass of water to illustrate this property.  Have the students look at the straw from different places (above the glass, at the sides, etc.).  The straw appears “broken” because the light rays are bending, or refracting, as they go through the surface of the water.  

· Now place a colored straw in a glass filled with both a layer of water and a layer of oil.  Again, have kids look at the straw from different places.  The light travels through the different mediums of air, glass, oil and water at different speeds.  When the light travels between two different materials, the change in the speed of light at the boundary causes the light to bend.  This bending of light is called refraction.

Activity 2:

· Explain “reflection”:  The reflection of light occurs when light rays bounce off a shiny surface such as mirror. Explain that a mirror is made by putting a thin layer of silver or aluminum onto a sheet of glass.  Mirrors reflect (bounce back) most of the light that strikes them. 

· Have the students look at their image in the plane/flat mirrors.  Explain to them that the light bouncing off the mirror is reflecting their image.
Part B:  Light-Ray Box

In the next experiment, the Light-Ray box will demonstrate refraction and reflection of light using various convex and concave lenses and mirrors. 

· Turn the Light-Ray box on and explain how the black outer box covers a light source (light bulb). Note: you will need to hold the black foam board over the light box throughout much of this experiment in order to clearly see the light rays.  

· Notice the light rays from the light bulb travel in a straight line out slits in the front of the box.  
· The students will place the three lenses (one at a time) and then the four mirrors along the path of the light rays, and observe and record on their worksheet what happens to the light rays with each. Have the students record their observations in the appropriate space on the chart of their worksheet as you go along.

Activity:

· Explain that Concave means it curves inward, and Convex curves outward.

· Starting with the 3 lenses in the following order, show the students the lens and then place it face down in front of the light rays emitting from the box.  

· Observe and discuss the following points for each:
· Concave Lens (A):  Concave lenses curve inward.  Concave lenses cause light rays to spread out, or diverge.

· Convex Lens (B):  Convex lenses curve outward.  The light rays that refract through the lens will converge, or meet.  

· Convex Lens (C):  Convex lenses curve outward.  The light rays that refract through the lens will converge, or meet.  Because the curve of this convex lens is larger, the light rays are bent even more.

· Now proceed with the 4 mirrors in the following order.  Show the students the mirror and then hold it in front of the light rays emitting from the box with the mirror facing the box.

· Observe and discuss the following points for each:

· Plane/Flat Mirror:  Place the mirror at an angle to the ray of light.  Remind the students that mirrors reflect.  Repeat this with the mirror at different angles.  See how the reflection of the light rays change as the angle of the mirror is changed.
· Concave Mirror (A & B):  A concave mirror curves inward, same as a concave lens.  BUT, notice that the light rays that are reflected off the mirror converge, or meet.  This is the opposite of a concave lens.  Also, notice that the mirror with a bigger concave curve, bends the light rays even more.

· Convex Mirror:  A convex mirror curves outward, same as a convex lens.  BUT, notice how the reflected light rays spread apart, or diverge. This is the opposite of a convex lens.
Conclusion: 
· Based on the curvature of the lens (concave or convex), the light rays will either diverge (spread) or converge (meet) because the lens refracts/bends the light.  
· Mirrors, on the other hand, reflect the light rays.  And, again, depending on the curvature (concave or convex) of the mirror, the reflected light rays will either converge or diverge but the result will be the opposite of the lens.  

· Refer to and discuss the summary graphic of convex and concave surfaces with the students, and direct them to the same graphic on their worksheet:

NOTE: Remember to turn OFF the Light-Ray box before proceeding to the next part.

Part C:  Prisms

Next, let’s investigate the effects of light rays as they pass through a prism.
· Explain to the students that a prism is a triangular piece of glass or plastic which bends or refracts light in such a way that it spreads it out into a band or spectrum of colors. 

· These colors are always in order of red, orange, yellow, green, blue, indigo and violet (Roy G Biv).  
· The most common example of a light color spectrum is a rainbow.  Rainbows are caused by sunshine, which is white light, shining onto water droplets that are in the air just after a rain shower.  Thousands of these water droplets break up the light and refract it into a spectrum of colors, just like a prism does.

Activity:

· Show the students the water prisms and place them on a table (with the flat surface on the top) near a window with natural light (sunshine).  
· Have students look through the water prisms from the same side that the light is coming in from the window.  Note that light is being bent as it travels through the prism which is called refraction.  The refraction of light is when light bends as it passes through one transparent (see-through) substance/object to another.  For example, when light rays pass from air to water, they bend as they go through the surface of the water.
· Ask the students if they can see a rainbow or the spectrum of the colors of light when they look through the prism?

· Have the students use the prism booklets by opening to page 6 and holding it out 1-2 feet from the other side of the prism as they look through.  Spectrum colors will occur on the white edges between the black and white areas on the pages.  Let students experiment with other pages if time allows.

Ask: How does a prism work to refract light into different colors?  
· Explain that a prism breaks light up into its component colors.  Each of the different colors of light has a different wavelength.  For visible light, red light has the longest wavelength (700 nanometers (nm)) and violet light has the shortest wavelength (400 nm).  
· When white light goes through a prism, the different colors that make up the white light pass through the prism at different speeds. The shorter wavelength light (i.e. violet) is bent more than the longer wavelength light (i.e. red).  Each color bends a slightly different amount, and so the white light is split up (dispersed) into its parts.

Remind students of the memory trick to remember the order of the colors of the spectrum: 
Roy G. Biv 
(Red, Orange, Yellow, Green, Blue, Indigo and Violet)
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