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PRIVATE
W&S Activity III – D1:

Speed of Sound

	Imagine that you have a string telephone constructed of two metal coffee cans connected with a 50m long string. Your partner strikes the side of the can. You will see the strike and hear the sound that reaches you traveling through both the air and through the string. 
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	          B.  Predict how the following wave properties will differ for the sound traveling in the air and the sound traveling in the string.  


	     1.  Which will reach your ear first (wavespeed)  – sound through string or sound  

           through air.

     2.  Which will be louder - sound through string or sound through air.

     3.  Will you see the string move?


	C. What experiences have you had that led you to this prediction?

	

	     As a class, a person at the opposite end of the field uses a hammer or metal rod to hit the goal post. Start the stopwatch when you see the goal post being hit and stop it when you hear the sound of the hit. Record the time you measured for several trials. Find the speed by dividing the distance by the time your group measured. Record the speed of sound that you obtained in Table A:  Speed of Sound

	Table A:  Speed of Sound

	Trial
	1
	2
	3

	Distance
	100 m
	200 m
	

	Average Time
	
	
	

	Speed
	
	
	

	

	 Use the string telephone and record any differences you hear for the sound traveling through the string and the sound traveling through the air in Table B:  Sound in String and Air

	Table B:  Sound in String and Air

	
	String
	Air

	Speed
	
	

	Amplitude (qualitative – no numbers necessary)
	
	

	

	Turn to your Cycle III Idea Journal. Based on the evidence you gathered in this experiment, add to your #1 Wave Medium Idea and #7 Wave Speed Idea. You may have additional observations that you can place in the space provided at the end of the Idea Journal.


	
	W&S Activity III – D2:

Speed in Different Springs


	


	How does the density of a medium affect the wave traveling in it? How does a wave change when it passes from one medium to another?

	

	 Materials: A tightly coiled spring and a loosely coiled spring of matching lengths, two wooden or metal bars approximately 20 cm long, spring scales.

	

	Imagine that you have a tightly coiled spring lying on the floor next to a loosely coiled spring. The springs are attached to bars located such that the springs have the same tension and length.  Make sure the tension is the same in both springs by using a Newton Spring Scale (in other words, you need to make sure that the spring scale reads the same for the tightly coiled spring as it does for the slinky.  Since both are not of the same tension, you will need to stretch the slinky more to get the tensions the same).  You can hold one end of the springs and attach the other ends to a block of wood if you would prefer – but the tension in the springs MUST BE EQUAL!!!!!!!!  (see diagram A)



	diagram A
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You might need to pull the slinky tighter than the tightly coiled spring in order to achieve the same tension in both springs (see diagram A).  Use a Spring Scale to test your tension!
BTW, you don’t need 2 blocks of wood.  You can hold one end.

Now suppose you give each spring a simultaneous pulse by whipping the slinky/spring quickly to one side with a pulse. (see diagram B)  (transverse wave)
          A.  Predict which pulse will reach the other end first.

diagram B
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	Now suppose you give each spring a simultaneous pulse by pushing hard in the forward direction. (see diagram C)  (compression wave)
          B.  Predict which pulse will reach the other end first. 



	diagram C
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	          C.  Describe your observations and explain how the type (density/restorative force) of spring affects the speed of the two different types of pulses.

          Fill in the blank:  The denser the spring the _____________ (faster/slower) the pulse (remember that they are both the same tightness so that is not what you are measuring here.  You are measuring density/restorative force)


	

	Now imagine that you attach the two springs end to end (see drawing below). 
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	          D.  Predict what will happen as the pulse, starting in the small coil, encounters the boundary between the two springs. 

          Will it enter the loose spring or bounce back? 

          What will happen to the wavelength, wave speed, frequency and amplitude?



	          E.  Predict what will happen as the pulse, starting in the large coil, encounters the boundary between the two springs. 

          Will it enter the second spring or bounce back?  

          What will happen to the wavelength, wave speed, frequency and amplitude? 
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	Test your predictions by performing the two experiments. Record your observations. 

          F.  What happened to the wavelength, wave speed, frequency and amplitude when the pulse encountered the boundary?  Going from small coil into large

       G.  What happened to the wavelength, wave speed, frequency and amplitude when the pulse encountered the boundary?  Going from large coil into small


	

	Turn to your Cycle III Idea Journal. Based on the evidence you gathered in this experiment, add to your #1 Wave Medium Idea, #3 Entering New Medium Idea


	
	PRIVATE
W&S Activity III – D3:

Changing the Medium

This activity requires Logger Pro and Simulators
	


	What properties of the medium affect the sound transmitted though it?

	

	Materials:  ONE glass bottle, Alka-Seltzer tablets, ULI, microphone probe, temperature probe, 5 m cardboard tube with end caps, hair dryer, hot and cold water

	

	Imagine that you have a glass bottle half-filled with water. 

	

	Fill a glass bottle half-way with water.  Practice blowing across the top of the bottle so that you get a tone.  Practice until you can blow and keep the tone going for several seconds at a time.  

     Drop half of an alka-seltzer tablet into the bottle and continue to blow (you may need to wait for the bubbles to settle a little bit before blowing).  LISTEN FOR THE CHANGE IN PITCH!

     Keeping in mind the ideas developed in cycle 2, 

          A.  Predict what wave properties will change in the carbon dioxide bottle and what this will sound like to your ear.

           B:  Which had a lower pitched sound?  The bottle with or without the carbon dioxide in it?
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	Suppose you have two identical EMPTY glass soda bottles.  Dip one in a HOT WATER BATH for 2 minutes and dip the other in an ICE WATER BATH for 2 minutes.  



	          C.  Predict how the sounds in the two bottles will compare.  AGAIN, YOU WANT TO LISTEN FOR A CHANGE IN PITCH!



	D.  Test your prediction and record your observations by performing the experiment. BE SURE TO WORK QUICKLY AS THE TEMPERATURES WILL CHANGE 



	Imagine you send the same sound through various materials, testing the effect each substance has on the wave properties of that sound. 
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	 Technical help with this simulator:

1.  dB stands for Decibels and measures the Amplitude.  Hz measures frequency (sec-1).

2.  Press play and then use the tape measure to measure the length of at least 10 waves (the wave crests are the dark lines).  Dividing the tape measure length by the number of dark lines measured will give you the wavelength (() of the wave.

3.  Click on the black “arrow” symbol on the upper left corner of the tool pallet and then double click on the gray air medium.  This will allow you to change the medium for more experiments.

4.  If you want to hook up any other components, you’ll need to attach them with a wire.  The wire is that squiggly line underneath the arrow tool symbol on the tools pallet.



	          E.  Predict how the wave properties in the materials listed below will change when compared with properties of the same sound in air.

Table A:  Waves in Different Media (predicted)

Use terms like “largest, smallest, medium”..etc.  No NUMBERS

	
	CO2
	Helium
	Mercury
	Granite
	Vacuum

	Amplitude (dB)
	
	
	
	
	

	Frequency

(Hz)
	
	
	
	
	

	Wavelength

(()
	
	
	
	
	

	Speed

(m/sec)
	
	
	
	
	

	

	Test your predictions by running the simulation Act III-D3 Sim 1. 

More technical help with this simulator:

You should click on the microphone on the tool pallet (4th row down in the center of the pallet) and put a microphone near the speaker.  Then, click on the dB meter and put it just above the air medium.  Finally, connect the dB meter to the microphone by clicking on the “squiggly line” (second row down on the extreme left side of the pallet) which is a wire to connect the microphone to the dB meter.  REASON:  You should see if the dB changes from close to the sound source to far away from the sound source.



	Table B:  Waves in Different Media (Actual)

Use numerical values here

	
	Air
	CO2
	Helium
	Mercury
	Granite
	Vacuum

	Amplitude
	
	
	
	
	
	

	Frequency
	
	
	
	
	
	

	Wavelength
	
	
	
	
	
	

	Velocity
	
	
	
	
	
	

	

	          F.  Which wave properties changed? Based on your simulation results, state a general rule relating what you heard with the properties that changed.

          G.  Does the dB change as you get further from the source?

	

	

	

	

	

	PRIVATE
W&S Activity III – D4:

Effect of Motion on Sound
You may have heard the sound a racecar makes as it passes the grand stand. How does the sound change? Why does this change occur?

	

	Materials:  ball with buzzer

	

	Open Act III-D4 Sim 1. The sound room simulator illustrated below will appear on the screen.   
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	 Run the simulator and pause it when the source gets to the middle of the sound room.  Record your results in the Table A

Table A

	
	In front
	Behind

	Frequency
	
	

	Wavelength
	
	

	

	Imagine you are standing in the middle of the hallway as a ball with a buzzer installed is tossed without spin toward you and away from you. (ask your teacher to give you the football/buzzer device)

          A.  Predict what will you hear when it is tossed towards you and away from you.
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	Test your predictions by performing the experiments.  Some students should stand on the end of the hall where the ball is released and some students should stand on the end of the hall to which the ball is thrown.  Carefully listen to changes in pitch, not loudness.  As the ball comes nearer to you it will be louder, but you are trying to detect differences in pitch.   
          B.  Record your observations.



	

	Now imagine that the ball with the buzzer stands still but you move. 
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	Imagine you now move the sound source in the simulator at a constant but faster velocity.
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	We will test your predictions by running Act III-D4 Sim 2. Clicking on the velocity vector attached to the sound source and dragging to make it longer makes the source move faster. Record your results in Table B.

	Table B

	
	Slow Moving Sound Source
	Fast Moving Sound Source

	
	Toward
	Away
	Toward
	Away

	Frequency
	
	
	
	

	Wavelength
	
	
	
	

	What you hear
	
	
	
	

	

	Turn to your Cycle III Idea Journal. Based on the evidence you gathered in this experiment, add to your #6 Motion of Sound Source Idea. You may have additional observations that you can place in the space provided at the end of the Idea Journal.

	

	
	PRIVATE
W&S Activity III – D5:

Effect of Water Depth on Speed

This activity requires a simulator
	


	How do water waves change as they approach the shore? What properties stay the same? What properties change?

	

	When we open Act III-D5 Sim 1, the ripple tank simulator illustrated below will appear on the screen. 
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	The dark gray is shallow water and the light gray is deeper water. Use the tape measure and the timers to help you measure the velocity, frequency and wavelength of the water waves in each of the two sections.  

FOR CRYING OUT LOUD…..Read these instructions before doing the simulator: (Don’t just “dive” in to the water.  Learn to “swim” first!)

	


	a. To determine wave speed  use the bottom clock, which is controlled by the pause in the movie play tool bar.  Pause the clock when the first wave reaches the 100 mark on the first tape measure.  Divide 100 by this time and record as speed. This gives you the wave speed in the shallow water.  Now play the simulator again and determine the time it takes for the wave to move through both media.  Pause the clock when the wave reaches the100 mark of the tape measure in the top medium. To compute the time it took the wave to travel through the top medium simply subtract the time it took to move through the shallow medium from the time it took to move through both media. Divide 100 by this time to find the wave speed in the deep water.  Record this velocity in Table A. 

b.  To measure wavelength we can adjust the tape measure by clicking on the tape to highlight it and dragging the end to the desired length. To get more accurate measurements measure several waves and divide as appropriate to get the length of one wave. Make these measurements in pause mode.  REMEMBER:  To find wavelength, divide the total distance by the number of wavecrests in that distance.  The more wavecrests you measure, the more accurate your results will be.  Record this in Table A. 

c.  To measure frequency, the arrows can be moved to serve as a marker to count the number of waves that pass a point in a given time. For the bottom (shallow water) section, the clock starts as the movie begins. For the top section (deep water) we will need to click on the play button to start the top clock when the wave reaches the pointer.  ALSO:  Double check your answers by using the equation: v = f(.  Since in part a and b you determined the v and the (, you should be able to accurately predict the f for shallow water and deep water.  Record this in Table A.

	Table A  

	
	Shallow water
	Deep water

	Velocity
	
	

	Wavelength
	
	

	Frequency
	
	

	

	Imagine that the line source is now tilted, so that the waves hit the boundary between the two depths at an angle. Open Act III-D5 Sim2
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	Run the Simulator and observe what happens to the waves as they pass from the shallow to the deep water. 


	To get a numerical description of this effect, we will use the protractors to measure the angle of the wave front with respect to the boundary. 

First, make sure that you have clicked on the “arrow” button on the upper left hand corner of the tool pallet.  Then, click on the red line inside each protractor to highlight it and move the line by grabbing the rounded end and dragging. Position the red line in line with the boundary. Use the same technique to move the blue line so that it is lined up with the wave front. You should choose the acute angle (the smallest angle possible).



	Compare your angle between the wave front and the boundary in the shallow water (incident angle) to the angle between the wave front and the boundary in the deep water (refracted angle). 

A.  Record your observations.  What happens to the angle of the wave front as it passes from shallow water to deeper water?

	

	Suppose you move the line source into the top corner of the deep water without changing its angle. 

	

	      B.    Predict the values for the incident angle and the refracted angle. 



	          C.  Observe what happens when the simulation is run. Record your results.

	

	          D.  Summarize what happens to the incident and refracted angles when a wave enters a different speed medium at an angle. 

	

	Turn to your Cycle III Idea Journal. Based on the evidence you gathered in this experiment, add to your  #3 Entering New Medium Idea and #6 Water Depth Idea. You may have additional observations that you can place in the space provided at the end of the Idea Journal.


	
	PRIVATE
W&S Activity III – A1:
Sound in Two Media

This activity requires a simulator
	


NOTICE THAT THIS IS A1, NOT D1

Pay attention to the titles of the simulators so you can find them on the desktop of your computer.

	This activity allows you to apply your understanding of refraction 

	

	In this section you will use the sound room simulator to further investigate sound traveling in different media.

	

	When we open Act III-A1 Sim 1, the sound room simulator illustrated below will appear on your screen. 
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	The meter labeled Hz allows us to measure the frequency of the sound in the medium. The meter labeled dB allows us to measure the amplitude of the sound. The tape measure is used to determine the wavelength of the sound in the two different media. Record the frequency and wavelength for air in the table below. Using the relationship you discovered in Cycle I, calculate the speed of sound in air. Repeat the measurements and calculations for the carbon dioxide. Double click on the carbon dioxide room and change it to helium. Repeat these measurements and calculations. Record your results in Table A: Speed of Sound in Gas

	Table A: Speed of Sound in Gas

	
	Air
	Carbon Dioxide
	Helium

	Frequency
	
	
	

	Wavelength
	
	
	

	Speed
	
	
	

	Amplitude
	
	
	

	

	In Act III-A1 Sim 2 and Act III-A1 Sim 3, the speaker will be tilted at an angle. 

          A.  Predict what will happen to the sound as it enters the second room in Sim 2, the air-carbon dioxide room and in Sim 3, the air-helium room.
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	           B.  Test your prediction by playing the simulation Act III-A1 Sim 2 (for air-carbon dioxide room) and Act III-A1 Sim3 (for air-helium room). Record your observations.



	

	Use the protractors to determine the angle of incidence and angle of refraction in the air-carbon dioxide room and the air-helium room. As in the ripple tank, we will examine the angle of a wave front with respect to the surface. Record your observations in Table B: Gas Phase Angle Change in Air/CO2  and in Table C: Gas Phase Angle Change in Air/Helium



	Table B: Gas Phase Angle Change in Air/CO2

	
	Air-Carbon Dioxide Room

	Angle of incidence
	

	Angle of refraction
	

	                                    Table C: Gas Phase Angle Change in Air/Helium
	

	
	Air-Helium Room

	Angle of incidence
	

	Angle of refraction
	

	

	


©2000 CPU Project
1
14
©2000 CPU Project
©2000 CPU Project
15

_1011793772.doc
[image: image1.png]Act HI-Al Sim 1

N
oo |

Olol/| /] m=a

»[w il /|







_1048012013.doc
[image: image1.png]






_989000807

