Light and Sound

NPES Panther Pete Science Lab – Grade 4


	Purpose:

	The purpose of this lab is to investigate the nature of sound and light.  Upon completion of this lab, the students will be able to demonstrate and apply these concepts:

(
Sound is a form of energy.  Sound will continue as long as there is energy in the system (or sound source) to keep it going.  If energy is transferred (to an object like your finger if you touch a vibrating instrument) the sound will stop.  

(
Sound is produced by vibrating objects, and sound can vary by changing the rate of vibration.  Strong vibrations and strong energy make loud sounds.  Soft sounds (generally) are created using less energy.

(
Light is a form of energy called “radiant energy”.  It travels freely and very fast through space in straight lines called light rays, unless it meets something that makes it change direction or blocks it.  

(
One way light changes direction is by reflection.  Reflection is the bouncing back of light from a surface.  Another way it changes direction is by refraction.  Refraction is the bending of light as it passes through one transparent substance to another.  



	GPS Standards/Essential Questions:

	GPS Standards:

S4P1. Students will investigate the nature of light using tools such as mirrors, lenses, and prisms. 
a. Identify materials that are transparent, translucent, and opaque.

b. Investigate the reflection of light using a mirror and a light source.

c. Identify the physical attributes of a convex lens, a concave lens, and a prism and where each is used. 

S4P2. Students will demonstrate how sound is produced by vibrating objects and how sound can be varied by changing the rate of vibration. 
a. Investigate how sound is produced. 

b. Recognize the conditions that cause pitch to vary. 

Essential Questions:

· How do different media affect light?

· How is sound produced?

· What conditions cause pitch to vary?


	Lesson Plan:

	The lesson plan begins with an introduction by the Science Leader. The students will divide into four groups and rotate among four centers.  At the end of the lab, the Science Leader will briefly review our conclusions.


	Teachers:

	Please divide students into four equal lab groups before coming to the lab.  Also, at the beginning of the lab, please be prepared to identify any students who may not be photographed.  As a follow-up, a parent letter will be emailed to the CAT teams for distribution to the classes.


	Parent Volunteers:

	Please read this material, and arrive at the lab 15 minutes early to familiarize yourself with the experiment.  Your role will be to ensure safety and assist the students as they explore and experiment with the lab center concepts.  You will not be responsible for the class presentation, just your assigned center.  However, it would be helpful if you read the information provided here before coming to the lab.



	Lab Coordinator Introduction:

	Welcome to the Panther Pete Science Lab.  Introduce yourselves and the parent volunteers.  This is a special time for you and our parent volunteers to investigate the exciting things you are learning in your classroom. The experiments you do during your lab visits are prepared and taught by your parents, and the equipment you use in this lab is purchased by the PTA, with money you helped raise!!



	Brainstorming/Subject Review:  (Optional, as time allows)

	Brainstorm with students… You are studying lots of things about sound and light in your classroom.  Let’s see what you can tell me about what you have learned: (Just use two or three of these questions as time allows.)

· Can sound travel through the air?  (Yes)  Through the water?  (Yes)  Through a rock?  (Yes)  Through space?  (Answer: No, because in outer space, there is no air/atmosphere. It is nearly a perfect vacuum.)  In order to hear sound, sound waves must travel through a medium such as gas particles of which space has very few.  Therefore, since there is no air in space, there will be no medium for sound to travel.
· We have two ears.  How would life be different if you just had one ear?  (Answer: Sound has to travel in different directions to reach your two ears.  One ear hears the sound at a slightly different time.  That slight difference in timing lets you determine where a sound source is located.)

· Think about lightning.  Why is it that we first see the flash of lightning, and the sound of thunder later?  (Answer: Because light travels faster than sound.)



	Key Instruction Points:

	In our lab today, you will rotate between four centers:

· At the first center, the energy of sound will be explored using a drum and tuning forks. 

· The second center further explores sound, investigating vibration, frequency, and pitch using musical instruments: a guitar, lap harp, and xylophone.  
· Then, in these two remaining centers, you will explore the nature of light.  The first will look at reflection and refraction using lenses, mirrors, and prisms.  The second will continue our exploration of light as we first identify materials that are transparent, translucent, or opaque, and then investigate the property of reflection using flat, convex, and concave mirrors.

Now have the Center Leaders begin, taking about 12-13 minutes per center. 


	Center 1 Description:  The Energy of Sound and Volume

	Part A:  Energy of Sound and Vibrations

· Hit the drum to demonstrate that sound is a form of energy.  Energy causes the drum to make its familiar sound.  Explain to the students that the drum is a “sound source”.   You receive and interpret the sound in your ears.  Ears are “sound receivers”. 

While the drum is sounding, the drum head (top of drum) is moving back and forth very rapidly, sometimes you can see the movement.  This movement is called “vibration”. 

· Explain how energy is transferred from you and the stick (transferred from the muscle motion of your arms to wrist to hand to fingers to stick) to the drum (when you hit the drum with the stick), which causes the drumhead to vibrate.  The harder they hit the drum. the stronger the vibration and therefore louder the sound and vice versa.  When the energy is used up and the vibrations stop, the sound stops.  Explain that sound continues only as long as there is energy in the system to keep the sound waves going. 
· Let the students try hitting the drum with the mallet once and then stop.  Notice that as the sound waves travel off and the vibration slows then stops, the sound also diminishes then stops.  Sound will also be diminished or stopped if the energy/sound waves are transferred to another object like your hand if you touch the drumhead.  Let the students try hitting the drum then touch the head with their hand to observe what happens.  

· Now, have them first hold the drum from the hole on the edge and hit it with the mallet. Compare this sound to the sound made when they hold the drum close to them by circling one arm around drum and holding the drum close to their chest.  When they strike the drum now, the sound is soft and muffled because the sound waves are quickly being transferred to their body/clothing and prevented from traveling.

· Next, we will use the tuning forks.  When you strike the tuning fork against the table, the tines begin to vibrate, sending sound waves through the air.  The students should be able to see the tines vibrate as the tuning forks sound.  (Note: Students should use a relaxed, loose wrist when tapping the tuning forks.  Do not hit hard because the tuning forks will break).

· Now we are going to explore volume and pitch.  Ask the students:  If you had a larger tuning fork, would you expect it to be higher or lower in pitch?  (Answer:  Lower, as larger objects usually vibrate slower and therefore have a lower pitch.)

· Volume describes how loud a sound is.  Have the students try to make a soft sound with the tuning fork (by striking the tuning fork with less energy).  Explain that the pitch stays the same, but if the vibration is weaker, the sound will be quieter.  Stronger vibrations make louder sounds.  But the speed of the vibrations do not change, just the strength, therefore the pitch remains the same, but the volume changes.

(Fun fact:  Volume is measured in decibels, named for Alexander Graham Bell, the inventor of the telephone.)

· Pitch is the highness or lowness of a sound. An object vibrating very fast makes high-pitched sounds (in general these are the smaller/shorter/thinner objects and instruments). Lower pitched sounds are made by objects vibrating more slowly (usually larger/longer/thicker).  This is why the tuning forks have different pitches and different note names printed on them.  The size of the tuning fork and its tines determine what pitch it will have.  The larger ones will have a lower pitch/note and the smaller ones will have a higher pitch/note.  This is different than volume.  (Note:  Pitch is explored in greater depth at a different center.)

· Refer students to the sound poster and show them the difference between the pitch and volume sound waves.  Pitch is determined by the distance between the waves or frequency (closer together = high pitch and further apart = low pitch), and volume is determined by the height or amplitude of the wave.

· Point out to the students that hitting the drum or tuning fork softly creates sound waves of less energy.  If they try to do this next rice experiment by hitting the tuning forks with less energy, there may not be strong enough sound waves to make the rice jump.

Part B:  “Seeing” Sound

Next, we will observe how sound waves can be strong enough (greater volume) to move other objects.  

When sound waves travel, it makes the air around it vibrate.  The sound waves travel through the air, and when they reach your ear, you hear its sound.  

· Place a small amount of rice grains (about a teaspoon) on top of the bowls that have been covered with taut plastic wrap.  Give each student a tuning fork.  Tell students that they are going to create a sound wave which will in turn bump up against the rice and make it move. Have the students hit the tuning fork against the desk, and get the fork as close as possible to the bowl and rice without actually touching it.  Tell students to keep their eyes on the rice while they do this.  The students should see the rice grains jump up and down.  Give each student a chance to perform the experiment themselves.  
· Next, let’s see what happens when a tuning fork’s sound waves are placed in water.  Have the students strike a tuning fork on the side of the table, and place the vibrating tines of the tuning fork in a shallow bowl of water.  The water will “jump” and ripple as the sound waves travel into the water and cause the water to move!
Have the students answer the questions for Center 1 on their worksheets.

	Center 2 Description:  Vibration, Pitch, and Frequency

	Part A:  Demonstration with a Guitar 

Explain to the students that through hands-on activities they will demonstrate that sound is produced by vibration and that sound can vary by changing the rate of the vibration.

Explain to the students that sounds can differ in pitch. Pitch is the highness or lowness of a sound. An object vibrating very fast makes high-pitched sounds, while objects vibrating more slowly make low-pitched sounds.  

· Ask the students to gather around the guitar.  Have each student pluck the thickest string.  Ask them what they hear? (Answer: Low-pitched sound)  What do they see?  How does the string look when it is making its sound?  (Answer:  String is vibrating.)  

· Now, have each student pluck the thinnest string.   Ask:  What does the string sound like this time?  (Answer:  Higher-pitched than the thicker string.)
Explain to the students that the thickness of the strings affect how fast they vibrate.  A thinner string vibrates at a faster rate than a thicker string, which vibrates at a slower rate.  In other words, there are more vibrations per second with the thinner string then there are with the thicker string.  The rate or number of vibrations per second determines the frequency of a sound.  A sound with a high frequency has a high pitch.  A sound with a low frequency has a low pitch.  So frequency and pitch are correlated.

Part B:  Demonstration with a Lap Harp

Reinforce the idea of pitch with the students through hands-on demonstrations with the lap harp.  Point out to the students that the guitar has the same length string, so pitch is varied by the thickness of the strings.  However, the opposite is true for the lap harp.  The thickness of the strings is the same, but the lengths of the strings vary.  The difference in the string lengths is what causes different frequencies and therefore pitches on the lap harp.  A shorter string vibrates faster, giving it more vibrations per second, and therefore a higher frequency and higher pitch.  

Part C:  Demonstration with a Xylophone

Now gather around the xylophone to quickly reinforce the concepts of frequency and pitch again.  Explain to the students that similar to the lap harp, all the bars on the xylophone are the same thickness, only the length of the bars is different.  Have them strike a few, noting the difference in sounds from the longer bars to the shorter bars.

Ask:  Do you hear the differences in their sounds?  (Answer:  The longer bars have a lower pitch, and the shorter bars have a higher pitch.) 

Conclusion: To summarize, smaller/shorter/thinner objects vibrate faster than larger/longer/thicker objects do.  The faster something vibrates, the higher the frequency, and the higher pitch of the sound.  So, smaller/shorter/thinner objects have a higher pitch and larger/longer/thicker objects have a lower pitch.

**Before moving to Part D, have the students answer the questions for Center 2 on their worksheets.

Part D:  Demonstration with Cups and String

Show the students the two Styrofoam cups with the string attached.  Ask if they’ve ever played with something like this before as a “string telephone.”  (Most will recognize the concept.)  
· Split the group into pairs and give each one a “string telephone” set.  Have each student take one of the cups and carefully spread apart until the string is taught.  (Tell them to take care not to pull the string too tight or the string may pull out of the cups! But, the string needs to stay taught to work properly.)  If one of the students taps a pencil into his/her cup while the other listens, the second person should be able to feel the tap vibrations as well as hear the tap sounds inside the cup.  Have them take turns trying this.

Explain to the students that when one person taps into his/her cup, the cup vibrates back and forth, creating sound waves.  The vibrations or sound waves travel from one cup through the string to the other cup, and are eventually received by the other student’s ear.  The second person can hear (and perhaps feel) the sound waves, which is why they can hear the taps.

(Fun fact:  This is not much different from how a telephone works, except that electric current replaces the string in a telephone.)

As time allows, have the students repeat this experiment with these slight variations and explore how the sound waves travel:

· Let one person at a time talk softly into a cup

· Use a vibrating tuning fork to touch one cup or string

· Criss-cross the strings of two sets of cups creating a “4-way” system, and try tapping and talking one at a time as before but now with 4 students.



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

	Part A:  Refraction and Reflection

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 its traveling through (i.e. air, water, glass). Let’s look at different ways light rays behave.

Discuss “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 red straw in a jar 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 red straw in a jar 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.

Discuss “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 mirror.  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.

First, 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 following summary graphic with the students, and direct them to the same graphic on their worksheet:
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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.

· Show the students the water prism and place it on a table near a window with natural light (sunshine).  Have students look through the water prism 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 15 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).


	Center 4 Description:  Nature of Light & Mirrors

	Part A:  Transparent, Translucent, or Opaque

In this center, the student will identify materials that are transparent, translucent or opaque.  Remind the students of the definitions of each term.

Transparent:  Light waves can travel through.  They do not reflect or absorb much light.

Translucent:  Some light can travel through.  They do reflect or absorb some light.

Opaque:  No light can travel through.  They reflect or absorb all light.

A bin of various materials is provided for this center.  Allow the students to take turns choosing one item from the bin to determine if it is transparent, translucent, or opaque.  Shine the flashlight against the material and hold it against a dark wall like the black board.  Can light rays pass through?  Some?  Not at all?  Move through this quickly as a group, and have the students record the items (about 2 or 3 items for each category) in the proper column of the chart on their worksheet (Center 4 section).  Examples of each are listed below:

Transparent materials:  plastic wrap, clear glass, laminating material, clear plastic lids.

Translucent materials:  tissue paper, mottled glass, “almost” clear plastic lids, colored but “almost clear” plastics.

Opaque materials:  construction paper, cardboard, felt, foil, and wood.

Part B:  Effect of Mirrors (Plane, Convex, & Concave) 

Now we are going to look at what happens to our reflection in 3 different types of mirrors.

Have the students begin by looking at their image in the plane/flat mirror.  Remind them the light is reflecting off the mirror to reflect their image.  Explain that because this mirror has a shiny, flat, smooth surface, the light rays are all reflected in the same direction.  In the same way, if the surface of a lake or pond is very still and smooth, it can act like a mirror and give a good reflection of a surrounding scene.  Have the students describe how they appear in the plane/flat mirror (the same).  However, have them blink with one eye and they’ll see the other eye blinks back!  This is because the reflection is reversed from left to right.  Also, hold up this instruction sheet to the mirror so the kids can see that the words are reversed in the reflection.

Repeat this with the concave and then the convex mirrors, having the students observe and describe the way they see their reflected image.  Depending on the type of mirror, when light hits a mirror, it is reflected in a specific way and makes objects appear a certain way:

· Plane/Flat mirrors reflect light rays straight out.  The image seen is the same size as the reflected object, but it is reversed from left to right.  

· Concave mirrors curve inward and reflect light inward.  They make the light meet or converge which makes the reflected image appear larger.  (Note: If you move this mirror further away from you, your image will appear smaller and upside down).
· Convex mirrors curve outward and reflect light outward.  They make the light spread out or diverge which makes the reflected image appear smaller but shows a wide field of view.  Images are right-side up.

***Remind them that concave and convex mirrors are the opposite of lenses.

Part C:  Star Reflection (see picture on following page)
In the next activity, students will experiment with reflection using a plane (flat) mirror.  

A reflection from a mirror shows the pattern of a star.  The original pattern is covered from the student’s direct line of vision. 

Instruct the student to place his/her finger at the starting point on the pattern and attempt to trace the pattern while looking only in the mirror.  If time permits, have them try this activity using the spiral tracing pattern also.  (Individual students will complete the activity with varying degrees of difficulty.)  

Reinforce with the students that light in a plane mirror is reflected straight back so the image is the same size, but it is reversed from left to right.  Your brain and your senses tend to get confused and the brain will try to correct for the reversal of the image.  While your fingers help give your brain additional feedback (other than sight) from your sense of touch, it is still difficult since the reversed image is playing tricks on your mind!
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	Conclusion:

	During the last five minutes, the Lab Coordinator will review what the students discovered in each center.

Coordinator:  If time permits, demonstrate to the class Newton’s Color Wheel.  Remind the students that white light is made up of all the visible colors of the spectrum as they saw with the prism.  What are they?  (Roy G Biv) Red, Orange Yellow, Green, Blue, Indigo, and Violet (as well as the shades in between).  

If we had paint for each of these colors and mixed them all together, what would happen?  (You would get a dark, black paint color.)

Each slice of this color wheel is reflecting light waves.  This green slice is reflecting green light waves.  This red slice reflects red light waves.  What happens if we mix all these light waves together?  Can anyone guess?  We can mix the light waves by spinning this disc.  Watch what happens as the disc spins faster and faster.  What color do you see?  

Spinning the disk made all the different wavelengths of light mix together, creating white (gray-ish) light.  We just conducted the prism experiment in reverse!  The faster we move the disk, the more white light you’ll see.

(Don’t let students spin or touch the wheel. . .it is sharp!)



	Lab Set-Up & Materials:

	Newton’s Color Wheel

Center 1 - Energy of Sound and Volume:  

3 drums with mallets

Various sizes of tuning forks

3 empty plastic containers: covered with saran wrap (taught) and secured with a rubber band

Rice

3 shallow plastic containers filled with water 

Center 2 – Vibration, Pitch, and Frequency:

Guitar
Lap Harp

Xylophone and mallet

4 sets of plastic cups with string connecting each pair 
(To make:  Punch holes with sewing needle in the bottom of the cups.  Pull each end of one string through the holes of 2 cups.  Tie knots at the ends of the string inside the cup so you have a connected pair of cups.)

Center 3 – Light Refraction and Reflection:

Jar or bottle filled partially with water

Jar or bottle filled partially with water and oil

2 solid-colored straws (not clear or bendable, etc.)

Light-Ray box and kit

Black construction paper to put under light-ray box
Black foam board to hold above light-ray box
3 lenses from kit marked with A, B, and C - one concave (A) and two convex (B & C)

4 mirrors - one plane/flat, one convex, 2 concave (A & B)

1 (or 2) Water Prisms and prism booklets

Center 4 - Nature of Light and Mirrors:

Large bin with various materials that are transparent, translucent, and opaque

Flashlight

7 pairs of wooden blocks, approx. 2” x 2” x 6” 

7 pieces of flat wood (approx. 6” x 9”)

7 make-up mirrors

7 star and spiral templates
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