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Activity P27: Speed of Sound in Air

(Sound Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Speed of sound
P27 Speed of Sound 1.DS
(See end of activity)
(See end of activity)

Equipment Needed
Qty
Other
Qty

Sound Sensor (CI-6506B)
1
Tape, duct
1 roll

Base and Support Rod (ME-9355)
1
Tube, cardboard, 15 cm diameter
1

Clamp, three-finger (SE-9445)
1



Tape Measure (SE-8712)
1



What Do You Think?

[image: image1.wmf]How can you use a Sound Sensor to measure the speed of sound in air?

Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.

Background

[image: image8..pict]The speed of sound is different in different materials. The speed depends on the elastic modulus and the density of the material. For example, the elastic modulus of helium is about the same as the elastic modulus of air, but the density of helium is much less. Therefore, the speed of sound in helium is about three times faster than the speed in air.

In gases, the speed of sound depends on the temperature. In air, the speed increases approximately 0.60 m/s for each Celsius degree increase in temperature. 

Theoretically, you can calculate the speed of sound from the distance the sound travels and the time it takes. In practice the calculation is often based on the interval of time between when a sound is produced and its echo is detected. The speed of sound is the round trip distance divided by the round trip time. 

SAFETY REMINDER
· Follow all safety instructions.
[image: image24..pict]

For You To Do

Snap your fingers at the open end of a tube that is closed at the other end. Use a Sound Sensor to detect the snapping sound and its echo. 

Use DataStudio or ScienceWorkshop to measure the time between the sound and its echo. Measure the length of the tube. Use the distance and the round trip time of the sound to calculate the speed of sound in air.

PART I: Computer Setup
[image: image9.png]


1.
Connect the ScienceWorkshop interface to the computer, turn on the interface, and turn on the computer. 

2.
Connect one end of the interface cable to the Sound Sensor and the other end into Analog Channel A on the interface.

3.
Open the file titled as shown:

DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

P27 Speed of Sound 1.DS
(See end of activity)
(See end of activity)

•
The DataStudio file has a Workbook display. Read the instructions in the Workbook.

•
Data sampling is set at 10000 measurements per second (10000 Hz).

•
See the pages at the end of this activity for information about creating a ScienceWorkshop file. 

4.
Set the triggering in the Scope display to start on a ‘rising’ voltage of 0.100 volts.

[image: image10..pict]•
Hint: In DataStudio, click the ‘Scope Settings’ button ([image: image2.wmf]) in the Scope display toolbar. Result: The Scope Settings window opens. Click the ‘Tools’ tab and set the trigger level. Click ‘OK’ to return to the Scope display.

•
In ScienceWorkshop, double-click the Scope display. Result: The Scope Setup window opens. Set the trigger level. Click ‘OK’ to return to the Scope display.

[image: image11..pict]

PART II: Sensor Calibration and Equipment Setup
· You do not need to calibrate the sensor.

1. Close one end of the tube with duct tape.

2. Use a support rod and clamp to mount the Sound Sensor in the middle of the open end of the tube.

3. [image: image12..pict]Measure the length of the tube and record the length in the Data Table.

PART III: Data Recording
1. [image: image13..pict][image: image14..pict]Start monitoring data. (Hint: In DataStudio, select ‘Monitor Data’ from the Experiment menu. In ScienceWorkshop, click ‘MON’.)

2. Snap your fingers at the open end of the tube. Watch the results on the Scope display.

•
Hint: If the first trace of data does not show the snapping sound and its echo, adjust the sweep speed in the Scope display. 

3. Stop monitoring data. (Hint: Click ‘Stop’.)

Analyzing the Data
1.
Transfer the trace of data from the Scope display.

[image: image15..pict]•
In DataStudio, click the ‘Transfer Data’ button ([image: image3.png]


) in the Scope toolbar. Result: The data run appears under ‘Data’ in the Summary list. 

[image: image16..pict]•
In ScienceWorkshop, click the ‘Data Snapshot’ button ([image: image4.png]


) in the Scope display. Result: The ‘Enter Data Cache Information’ window opens. Enter a ‘Long Name’ and a ‘Short Name’. Enter ‘volts’ as the Units. Result: A new data run appears in the Data list. Click ‘OK’ to return to the Scope display. 

2.
View the data in the Graph display. 

•
In the DataStudio Graph display, select the run of data from the ‘Data menu’ ([image: image5.png]


). Result: The Graph display shows the sound and its echo.

[image: image17..pict]•
In ScienceWorkshop, select ‘New Graph’ from the Display menu. Result: A Graph display opens. Select ‘Data Cache, Speed of sound’ from the ‘Y-Axis Input menu’. Result: The Graph display shows the sound and its echo.

3.
Use the Graph displays built-in analysis tools to find the time between the first peak of the sound and the first peak of its echo. Calculate the speed of sound.

•
In DataStudio, use the ‘delta function’ of the Smart Tool ([image: image6.png]


). Click and drag the corner of the Smart Tool from the first peak of the sound to the first peak of the echo.

[image: image18..pict]•
In ScienceWorkshop, use the ‘delta function’ of the Smart Cursor ([image: image7.png]


). Click and drag the Smart Cursor from the peak of the sound to the peak of the echo.

Record your results in the Lab Report section.

Lab Report - Activity P27: Speed of Sound in Air

What Do You Think?

How can you use a Sound Sensor to measure the speed of sound in air?

Data Table

Length of Tube (m)
Time (s)
Speed of Sound (m/s)





(Remember that the time from the first peak of the sound to the first peak of the echo is the ‘round-trip’ time for the sound to go down-and-back in the tube.)

Question

1.
How does your experimental value for the speed of sound compare to the accepted value of 343 m/s for the speed of sound in air at a temperature of 20˚ C?

Appendix: Set Up ScienceWorkshop
Create a ScienceWorkshop file to measure the speed of sound in air.

Set Up the Sensor

[image: image19..pict]In the Experiment Setup window, click and drag the analog sensor plug to Channel A. Select ‘Sound Sensor’ from the list of sensors. Click ‘OK’ to return to the Experiment Setup window.

Set the Sampling Options

[image: image20..pict]Click the ‘Sampling Options’ button in the Experiment Setup window or select ‘Sampling Options’ from the Experiment menu to open the Sampling Options window. Under ‘Periodic Samples’ click the right arrow repeatedly to set the sample rate at ‘10000 Hz’. Click ‘OK’ to return to the Experiment Setup window.

Set Up the Display

In the Experiment Setup window, click and drag the Scope display icon to the Sound Sensor icon. Result: The Scope display opens.

[image: image21..pict]
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