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Speed of Sound
PURPOSE: The purpose of this experiment is to measure the wavelength of a sound of known frequency.  By multiplying this wavelength times the known frequency, the velocity of sound can be calculated.

MATERIALS:  

	Temperature probe
	Resonance tube with plunger

	GLX with speed of sound.glx file loaded in Flash memory
	Resonance tube supports

	Motion Sensor
	


FORMULAS:

1. Speed of Sound in Air: = 331.0 m/s + 0.6 m/sC° x Celsius Degrees
2. Velocity = frequency  x  wavelength ( v = fλ ) 
3. Percent Difference = Difference of Measured and Calculated Values  X 100 %
                                  Average of Measured and Calculated Values

4. In a closed tube of length L resonance occurs at wavelengths (λ) for which 

                               L = nλ/4 with n = 1, 3, 5, 7, …

Background:

As a sound wave of a given frequency propagates through air it produces small oscillating displacements of the air molecules backwards and forwards in the direction of propagation. Another way of conceptualizing a sound wave is as a series of compressions and rarefactions of the air as the wave travels by. 

Standing waves are created in a tube when traveling sound waves are reflected from the end of the tube so that the returning waves interfere with the original waves.  A standing sound wave has displacement nodes - points where the air does not vibrate - and displacement antinodes - points where the amplitude of the air vibration is a maximum. In a closed tube, resonance will be set up at the specific wavelengths that simultaneously allow a displacement node at the closed end and a displacement antinode at the open end. At resonance a relatively loud sound is produced. The figure below shows displacement nodes and antinodes for resonance in a closed tube.
[image: image1.emf]
In this experiment a sound source of known frequency (f) will be placed at the open end of a tube of variable length which is closed at the other end. The length of the closed tube will then be adjusted until a peak in amplitude or resonance is reached. At resonance, a displacement node will exist at the closed end and the open end will be a displacement antinode. If the length of the tube is adjusted to excite the next resonance mode, the closed end is once again a node and the open end an antinode. The difference in length between the adjacent points of highest or amplitude, or resonance, is one half of a wavelength (λ) . The distance between the nodes, or lowest amplitude points is also one half wavelength. In a closed tube of length L resonance occurs at wavelengths (λ) for which 

L = nλ/4  with n = 1, 3, 5, 7, … Here, n = 1 is the fundamental or lowest frequency produced, n = 3 is the next highest frequency produced (third harmonic), etc.  
PROCEDURE:

1.
Set the resonance tube on the resonance tube supports and slide the plunger all the way in.

2.   Place the GLX near the open end of the tube (where the orange plastic cap is), plug in the power adapter and turn it on.

3.
Connect a temperature probe to the left side of the GLX in temperature probe port 1, then place the probe into the open end of the tube. Press Home and Select Digits. Press the record button to start recording the digital temperature of the inside of the resonance tube. After the temperature stabilizes record the temperature on your data sheet and press the record button again to stop recording the temperature. Remove the temperature probe from the GLX.
4.
Press Home and select Data Files and open the setup file called Speed of Sound found in Flash memory.

5.
Connect the motion sensor to the top of the GLX and place the sensor so that it points at the opening of the resonance tube (orange cap). Make sure the small switch at the top of the sensor is set on the cart symbol.
6. Press Home and Select Output. Make sure the Output Device is the Internal Speaker, the waveform for the Left Output Channel is Sine, the Frequency is 1000 Hz, and make sure Phase is 0. Turn on the sound by pressing F1
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7.   Hold the GLX near the opening of the tube with the speaker pointing into the tube. Press the record button on the GLX to start collecting data and slowly and steadily pull the plunger from the 0 cm mark to the 120 cm mark.  Note the changes in sound level as the plunger moves down the tube. Press the record button to stop data collection when the plunger reaches the 120 cm mark. Turn off the sound by pressing F1.
8.   Press Home and Select Graph.  Look for nodes (sharp valleys) along the length of the resonance tube.  This is where destructive interference occurs and the distance between each node is ½ wavelength.  Adjust the graph size and position and use the smart tool to read the positions of the nodes.  If the graph does not have measurable nodes or antinodes, try reducing or increasing the volume and repeat the data collection sequence. Record each node as L1, L2, L3, etc. in the data section for part I.
9.   Repeat steps 6 to 8 for a sound of 1500 Hz.

10. From your results for 1000 Hz and 1500 Hz predict what wavelengths you would get for 750 Hz and 1250 Hz.

11. To verify your predictions repeat steps 6 to 8 for 750 Hz and 1250 Hz.

Name:

Period ______  
Partner’s Name:

Date: 



Speed of Sound
DATA TABLE:
Room Temperature _____ °C
Frequency   ____ Hz         Frequency   ____ Hz         Frequency   ____ Hz         Frequency   ____ Hz

L1 =  ____                         L1 =  ____                         L1 =  ____                         L1 =  ____

     L2 – L1  =  ____                L2 – L1  =  ____ 
      L2 – L1  =  ____                L2 – L1  =  ____

L2 =  ____                         L2 =  ____                         L2 =  ____                         L2 =  ____

     L3 – L2  =  ____                L3 – L2  =  ____                L3 – L2  =  ____               L3 – L2  =  ____

L3 =  ____                         L3 =  ____                         L3 =  ____                         L3 =  ____
     L4 ​– L3  =  ____                L4 ​– L3  =  ____               L4 ​– L3  =  ____                L4 ​– L3  =  ____

L4 =  ____                         L4 =  ____                         L4 =  ____                         L4 =  ____

     L5 – L4  =  ____                L5 – L4  =  ____                L5 – L4  =  ____               L5 – L4  =  ____

L5 =  ____                         L5 =  ____                         L5 =  ____                         L5 =  ____

     L6 – L5  =  ____                L6 – L5  =  ____                L6 – L5  =  ____               L6 – L5  =  ____

L6 =  ____                         L6 =  ____                         L6 =  ____                         L6 =  ____

     L7 – L6  =  ____                L7 – L6  =  ____                L7 – L6  =  ____               L7 – L6  =  ____

L7 =  ____                         L7 =  ____                         L7 =  ____                         L7 =  ____

     L8 – L7  =  ____                L8 – L7  =  ____                L8 – L7  =  ____               L8 – L7  =  ____

L8 =  ____                         L8 =  ____                         L8 =  ____                         L8 =  ____

     L9 – L8  =  ____                L9 – L8  =  ____                L9 – L8  =  ____               L9 – L8  =  ____

L9 =  ____                         L9 =  ____                         L9 =  ____                         L9 =  ____
Average ΔL = ____           Average ΔL = ____           Average ΔL = ____           Average ΔL = ____
λ = 2L = ________            λ  = 2L = ________           λ = 2L = ________            λ = 2L = ________

Vsound = _________           Vsound = _________           Vsound = _________            Vsound = _________
Predicted wavelength of 750 Hz sound _____________ m

Predicted wavelength of 1250 Hz sound _____________ m

Average Speed of Sound = __________ m/s
Calculated Speed of Sound in Air = _________ m/s
QUESTIONS *Show All Calculations!

1.   Calculate the actual speed of sound in air given the room temperature of the classroom.
2.   Calculate the average speed of sound from your 4 trials.
3.   Calculate the percent differences of the speed of sound using the result from Question 1 and results from each of your 4 trials.
4.   How did your predicted wavelengths compare with the wavelengths you measured?

5.   Organ pipes can produce frequencies from 32.7 Hz to 4186 Hz. Using your results for the speed of sound in the lab, v = fλ, and L = λ / 4 calculate the lengths of the closed pipes needed to produce these two sounds.
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