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W&S Activity II–D1


	
	Answer the Blue Typed Questions with Red answers
Items in RED or Pink are meant to show emphasis.

PRIVATEW&S Activity II – D1:

Tuning Forks of Varying Lengths

Simulator
	


	How does the length of a tuning fork affect the sound it produces?
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Imagine that you have four tuning forks of different length as shown on the left.  If you hit each one separately, which would produce a higher tone?
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	         A. Predict which of the tuning forks we should select to produce the highest tone.



	Test your prediction by performing the experiment using the sound simulator.  Open Act II-D1 Sim 1 and use the hammer  (located on the top row of the tool palette) to strike each tuning fork in turn.  

              B.  Record your Observations.



	

	In the next simulation, Act II-D1 Sim 2 Adjust the length of the right tuning fork.

          C.  Predict how you will need to change the length so that the frequency will be 1/2 of the original frequency.
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	To change the length of the tuning fork, click on it, then click on a corner and drag it to the length you wish.  Use a ruler to measure the tuning fork.  

     D.  As you test your prediction, record the results. 



	

	Turn to your Cycle II Idea Journal. Based on the evidence you gathered in this experiment, add to your  #1 Frequency vs. Vibration Length Idea and #2 Pitch vs. Vibration Length Idea. You may have additional observations that you can place in the space provided at the end of the Idea Journal.


	
	Activity II-D2:

Sound Made by Straws, Meter Sticks, and Chimes

Hands-On Materials
	

	How does a guitarist change the note produced by a particular string while they are playing a song? 

	

	Materials: soda straws, scissors, meter stick, 2 chimes(1 long, 1 short), crystal goblet

	

	Imagine that you have a soda straw that you are going to turn into a musical instrument. When you blow into it, a sound is produced.

	

	Suppose you then cut the straw in half with the scissors so that it is shorter. 

          A.  Predict what will happen to the tone that you produce when you blow into it. 
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	Test your prediction by performing the experiment. Take a soda straw and cut a triangular "reed" in one end, as shown. Use your fingers or your teeth to flatten the reed. Place the reed end in your mouth and blow gently until you make a "kazoo-like" sound. Using the scissors cut the straw in half and blow into it again. 

	            B.  How does the new sound compare to the sound you originally made?


	Now take a second straw and fashion another instrument. This time, blow into the straw to make a noise as you gradually cut the straw shorter and shorter. 

	           C.  What happens to the sound?



	           D.  What ways could you change the experiment to alter the pitch of the sound you make without making the straw shorter?

	

	

	
	Imagine that you have a meter stick lying on the table with its end projecting out from the edge of the table by about 50cm.
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	Suppose you were to hold the meter stick in place at the edge of the table and pluck the protruding end. Don’t break it!

	          E.  Predict what would happen if you moved the meter stick in by 10cm increments and plucked it again each time it was moved.

	

	Test your prediction by performing the experiment. Be sure you hold the meter stick firmly in place at the edge of the table so that the part against the table does not vibrate. Pluck the meter stick gently. Watch the meter stick and listen for the sound it produces. Move it further in and out and observe how the motion and sound change each time you pluck. (DO NOT BREAK THE METER STICK!)

	          F.  Record your observations.



	Imagine that one of your classmates is holding two chimes, a long one and a short one. Suppose the classmate strikes the first chime, stops it, and then strikes the second chime. 

	          G.  Predict what you will hear.

	

	Perform the experiment and observe what happens. 

	          H.  Describe what you hear.




	Imagine that you are at a dinner party with some of your classmates and the people at your table decide to try out some of their ideas about waves and sound. Each person has a crystal goblet containing some water but no two goblets have the same amount of water.
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	A goblet may be made to "sing" if you wet your finger and rub it around the rim of the goblet. Suppose each person at the table caused their goblet to sing. 



	          I.  Predict how your goblet will sound if it is only half as full as your friend's. 



	

	Test your prediction by performing the experiment and listening to the tone (pitch) produced. With one hand, hold the base of the goblet firmly against the table and use a wet finger on the other hand to rub around the rim. Look carefully at the surface of the water as you move your finger. Empty out some of the water and rub the rim again. Run several trials of the experiment with different amounts of water. 

	          J.  Describe your observations.  How does the pitch of the sound vary with the amount of water in the glass?


	Turn to your Cycle II Idea Journal. Based on the evidence you gathered in this experiment, add to your #1 Frequency vs. Vibration Length Idea and #2 Pitch vs. Vibration Length Idea. You may have additional observations that you can place in the space provided at the end of the Idea Journal.

W&S Activity II-E:

Harmonics
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1. Situation 1: Imagine that you have a glass bottle half-filled with water. You tap the side of the bottle with your pencil and listen to the sound produced. 
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Suppose that you then pour out about half of the water and strike the bottle again. Predict whether the sound you now hear will be higher, lower or the same as before. 

Now do it.  Which was higher:  The one with more water or less water in it?  WHY?
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2. Situation 2: Now Imagine that you refill the bottle halfway with water, blow across the top of the bottle, and listen to the sound produced. 
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Suppose that you then pour out about half of the water and blow across it again. Predict whether the sound you hear will be higher, lower or the same as before. 

Now do it.  Which was higher:  The one with more water or less water in it?  WHY?
3. Situation 3: Suppose you twirl a singing pipe over your head. Imagine you twirl it faster and faster.
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Predict how the sound it produces will change as you change the speed of the twirling. 

Now do it.  Which was higher:  when you were swinging it fast or slow?  WHY?



	
	Activity II-D3:

Forced Vibrations

Hands-On Materials
	


	How can you make a musical instrument louder? What happens when one object tries to vibrate another object?

	

	Materials: music box mechanism, two matching tuning forks, rubber mallet.

	

	Hold the music box mechanism in your hand and turn the crank to play the tune. Imagine you now hold the mechanism firmly against the table and play the tune again. 



	          A.  Predict what this will sound like when compared to holding it in your hand.

	          B.  Test your prediction by performing the experiment.

	          C.  What about the sound was different? Why do you think it sounds the way it does?

	

	Imagine that you have a two identical tuning forks, each with its stem held against a hollow tube sitting side by side, as shown.  The boxes are open mouth to open mouth
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	Suppose you strike one tuning fork while holding it on a hollow tube where another tuning fork rests. Let it ring for a moment. Put your hand on it to make it stop vibrating. 

	          D.  Predict what you will hear after you stop the vibration of the first tuning fork.  Will there be any sound or total silence? If you predict that there will be sound, describe what you will hear.



	

	Carefully observe what happens when the experiment is performed. You may wish to gently touch the second tuning fork with a piece of paper after stopping the vibration of the first tuning fork. 

	          E.  Describe what you observe.



	Now Imagine that you repeat with two tuning forks whose frequencies vary by more than 30 hertz. If real tuning forks are not available, use the simulator , Act II-D1 Sim 2
          F.  Predict what you will hear this time. 
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	          G.  Carefully observe what happens. Describe what you hear.

	Turn to your Cycle II Idea Journal. Based on the evidence you gathered in this experiment, add to your #3 Forced Vibration Idea. You may have additional observations that you can place in the space provided at the end of the Idea Journal.

	


	
	Activity II-D4:

Standing Waves

Hands-On Materials and Logger Pro/Microphone
	


	Why did the five-tone twirler in the opening activity only produce certain tones? Is there a pattern to the tones produced?

	

	Materials: tightly coiled spring, flute mouth piece,  ½ “ PVC about 18 cm long, ULI, microphone probe, stop watch, meter stick

	

	Imagine that you hold a tightly coiled spring firmly at one end while your partner, 3 meters away, moves the other end of the spring from side-to-side. The frequency is slowly increased until the spring shows a single loop reflected back and forth. When this happens, we say a standing wave is produced. Now imagine that the frequency is changed to produce two loops. 

                              3 meters                                                         3 meters
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	** The Distance between 3 nodes = 1 (    ** The distance between 3 antinodes  = 1 (   

         A.  Predict how the two frequencies will compare (in other words, which scenario has the greater frequency?) What ideas about waves from Cycle I helped you make this prediction?


	Test your prediction by performing the experiment. Record your results in your lab like the table below. (Table A) Calculate the speed from the relationship between speed, frequency and wavelength you developed in Cycle I.  You can determine frequency by using a stopwatch to time how long it takes you to make 10 shakes of the spring.  Divide 10 shakes by the time to find frequency.  REMEMBER Frequency = # of “shakes”/1 second     (VERY IMPORTANT)

	Table A:  Frequency, Wavelength, Wave Speed

REMEMBER FROM CYCLE I : Velocity = Frequency x Wavelength

	Number of Loops


	Single Loop
	Two Loops

	Frequency  (f)
	
	

	Wavelength (()
	
	

	Wave Speed (v)
	
	

	     **  Use this information to determine the (  of a single loop and a double loop standing wave.  Remember, you are 3 meters away from your partner.  (Distance between 2 nodes or 2 antinodes is 1/2 ( 

	          B.  Do your results agree with the speed under constant tension idea generated in Cycle I? It is important that the spring tension be kept constant.  (HINT:  Later on, we will change the spring tension and see what that does to the wave speed.)


	

	Predict the other frequencies that will produce standing waves in the springing Table B. Do this BEFORE you try it!

	
	Table B: Predicted
	

	Number of Loops


	3
	4

	Frequency (f)
	
	

	Wavelength (( )
	
	

	Wave Speed (v)
	
	

	Test your prediction by performing the experiment. Repeat until you can state a rule about the frequencies that will produce a standing pattern in the spring. State the rule below.

Table C: Actual Data

	Number of Loops

3

4

Frequency (f)

Wavelength (( )

Wave Speed (v)



	

	

	Now imagine a third person grasps the spring 1meter from the fixed end (keeping the tension the same.)  

          C.  Predict what frequencies will produce standing waves in Table C.  
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	Table C
	
	

	Number of Loops


	1
	2
	3
	4

	Speed (v)
	
	
	
	

	Wavelength (( )
	
	
	
	

	Frequency (f)
	
	
	
	

	

	Test your prediction by performing the experiment and record your results in Table D.   

D. Describe your results.



	Table D

Number of Loops

1

2

3

4

Speed (v)

Wavelength (( )

Frequency (f)



	Imagine that you put the flute mouthpiece on the PVC pipe and blow into the flute gently at first, then moderately and finally hard. 

E.  Predict what you will hear. 
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	Carefully listen to what happens when the experiment is performed. 

          F.  Record your observations below. 

	

	

	In the spring, you saw different numbers of loops based on the frequencies that produced a standing wave pattern. With sound, what you heard is called harmonics. The lowest frequency that can be made to produce a standing wave is called the fundamental. The speed of sound in air at room temperature is about 345 meters per second. 
          G.  Predict the value of the fundamental frequency and the next two harmonics for this pipe. What ideas about waves helped you make your predictions?

	

	In order to test your predictions, we will use the microphone connected to the ULI (Logger Pro) to find the peak frequencies that correspond to what you heard when you blew into the flute.  Go into Cycle II and open the Logger Pro for Activity II-D4 Standing Waves.  Blow as LIGHTLY/SLOWLY as you can and get the first Harmonic (Fundamental) to come out of the open ended pipe.  Record the peak Frequency you get from the blue bar graph at the bottom of the screen into the data table below.  Use what you learned about Wave Speed, Frequency and Wavelength from Cycle I to solve for Wavelength.  (Hint:  There’s a mathematical formula involved)

Blow a little harder into the pipe and get the second Harmonic (Fundamental).  Record the Frequency in the Table E: Harmonics for Open Pipe in your lab.

	For an Open Ended Pipe

Table E: Harmonics for Open Pipe

	
	Wave speed (v)
	Frequency (f)
	Wavelength (( )

	Fundamental (first harmonic)


	345 m/s

Speed of Sound
	
	

	Second Harmonic


	
	
	

	Third Harmonic


	
	
	

	

	      H.   How do the frequencies of the fundamental and the harmonics compare? How does the wavelength compare to the length of the pipe? (Measure from the mouthpiece opening to the open end of the pipe.  Remember, distance is measured in METERS.  ) 

	Imagine that this time you hold your finger over the open end of the flute, tightly sealing it. Again you blow into the flute gently at first, then moderately and finally hard. 

          I.  Predict what you will hear. 
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	Carefully listen to what happens when the experiment is performed. 

          J.  Record your observations below. 

	

	

	K.  Predict the value of the fundamental frequency and the next two harmonics for this closed ended pipe. How did you decide?

	

	

	Test your predictions. Record the frequencies and calculated wavelengths in this data table.  THIS IS REAL DATA, NOT A PREDICTION.


	Table F:  Harmonics for Closed Pipe

	
	Wave speed (v)
	Frequency (f)
	Wavelength (( )

	Fundamental (first harmonic)


	345 m/s

Speed of Sound
	
	

	Second Harmonic


	
	
	

	Third Harmonic


	
	
	

	

	L. How do the frequencies of the fundamental and harmonics compare? How does the wavelength compare to the length of the pipe? (Measure from the mouthpiece opening to the end of the pipe.  Remember to measure distance in METERS!) 

	

	

	Turn to your Cycle II Idea Journal. Based on the evidence you gathered in this experiment, add to your #4 Standing Wave Idea and #5 Open Pipe vs. Closed Pipe Idea. 

AP Physics students do the next activity only if we have time.


	
	Activity II-D5:

Quality of Sound
Simulator
	


	Why can we identify different musical instruments when they play the same note?

	

	Materials: electronic organ or simulator

	

	Imagine you play the same note on two different instruments. Recall this activity from the elicitation. Describe how the waveforms shown in the two graphs will differ in terms of Amplitude, Frequency, Wavelength in Table A.

	Table A

	Sound Level vs. Time ( Oscilloscope)
	Frequencies Present

	 Instrument 1
	Instrument 2
	Instrument 1
	Instrument 2

	
	
	
	

	

	

	Test your prediction using the Sound Lab Simulator.  Go into Cycle II and open 

Activity II-D5 Sim1.   Attach two different instruments to an FFT graphing device and to an oscilloscope. 

          B.   Describe these graphs. Use the results to explain how we can tell what instrument is playing the music we hear.

Note:  If you are using the simulator and you want to hear the instruments, you should hit them with the hammer tool.  However, in order to get the graphs for both instruments at the same time, you will need to use the play button in the simulator. 

	

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