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Activity P44: Resonant Modes - Tube 
Resonant Modes of a Column of Air 

(Power Output, Voltage Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Waves
P44 Resonance.DS
P35 Resonance Modes 2
P35_TUBE.SWS

Equipment Needed
Qty
Equipment Needed
Qty

Voltage Sensor (CI-6503)
1
Resonance Tube (WA-9612)
1

Patch Cords (SE-9750)
2


What Do You Think?

[image: image1.wmf]Disturbing the air in a tube or column can create a variety of frequencies. What are some common applications of this phenomenon? 

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

Background

[image: image6.png]


When a tuning fork or a speaker vibrates near a tube, there are certain frequencies of sound at which the tube will resonate (vibrate at the same frequency or multiples of the frequency of the tuning fork or speaker). A standing wave occurs in the tube when a wave is reflected from the end of the tube and the return wave interferes with an on-coming wave. When a single pulse is generated at one end of the tube, the pulse will reflect several times back and forth between the ends of a tube. If we continue to drive the sound with a source, all the multiple reflections interfere with each other. 

At resonant frequencies the reflected waves are in phase resulting in a high amplitude (loud) standing wave. At frequencies other than a tube’s resonant frequency, the multiple reflected waves will not be in phase and the sound will not be as loud. These resonant frequencies occur at various lengths for either an open end or closed end tube. 

Like a standing wave on a string or wire, a standing sound wave has nodes and antinodes. A displacement node in a standing sound wave is a point where the air does not vibrate very much. A displacement antinode is a point where the movement of the air is a maximum. Pressure nodes and antinodes also exist in a standing sound wave. A pressure antinode occurs at a displacement node. Think of a pressure antinode as being the point located halfway between two displacement antinodes. When the air molecules of the two displacement antinodes are moving toward each other, the pressure of the pressure antinode in the middle is a maximum. Likewise, a pressure node occurs where the air molecules are most dispersed, namely, a displacement antinode. 

Reflection of a sound wave can occur at both open and closed tube ends. If the end of the tube is closed, the air has nowhere to go, so a displacement node must exist. If the end of the tube is open, the pressure stays very nearly at room pressure, so a pressure node exists. 

This activity investigates the relationship between the length of the tube and the frequencies at which resonance occur. The conditions for resonance are more easily understood in terms of the wavelength of the wave pattern, rather than in terms of the frequency. The resonant states also depend on whether the ends of the tube are open or closed. 

For an Open Tube (open at both ends), resonance occurs when the wavelength ( satisfies the condition:


[image: image23..pict];  n = 1, 2, 3, 4,…

where L equals the tube’s length. Another way of stating this same relationship is to say that the length of the tube is equal to an integral number of half wavelengths. 


[image: image2.wmf]
For a Closed Tube (open at only one end), resonance occurs when the wavelength ( satisfies the condition:


[image: image3.wmf];  n = 1, 3, 5, 7,…

where L equals tube length. Another way of stating this same relationship is to say that the length of the tube is equal to an odd number of quarter wavelengths.


[image: image4.wmf]n = 1, 3, 5, 7,…

SAFETY REMINDER
· Follow all safety instructions.
[image: image5.wmf]

For You To Do

Investigate open and closed tube resonant modes.

Use the ‘Output’ feature of the interface to drive a speaker to vibrate the air inside the Resonance Tube. Use DataStudio or ScienceWorkshop to control the speaker’s output frequency with the Signal Generator window. Use the microphone mounted in the Resonance Tube to measure the amplitude of sound. Use the Voltage Sensor to measure the signal from the microphone. 

Use DataStudio or ScienceWorkshop to display the output signal of the speaker and the input signal from the microphone. Determine the relationship between the resonant frequencies for the column of air inside the tube when it is open and when it is closed. 

PART I: Computer Setup
[image: image7..pict]1.
Connect the ScienceWorkshop interface to the computer, turn on the interface, and turn on the computer. 

2.
Connect the Voltage Sensor DIN plug to Channel A of the interface. 

3.
Connect banana plug patch cords into the ‘OUTPUT’ ports on the interface.

4.
Open the document titled as shown:

DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

P44 Resonance.DS
P35 Resonance Modes 2
P35_TUBE.SWS

•
The document opens with the Signal Generator window, a Scope display, and a Frequency Spectrum (FFT) display.

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

•
The Scope display will show the voltage from the ‘Output’ of the interface to the speaker on the Resonance Tube and the input voltage from the microphone connected to the Resonance Tube. The Frequency Spectrum (FFT) display will show the input voltage from the microphone. 

•
The Signal Generator is set to produce a sine wave. It is set to ‘Auto’ so it will automatically start or stop the signal when you start or stop measuring data.

PART II: Sensor Calibration and Equipment Setup for Open Tube Resonance
•
You do not need to calibrate the Voltage Sensor.

1.
Set up the Resonance Tube on a level surface. You will not need the piston for the first part of this activity, but you will use it during the second part. Remove the support from the tube at the end that does not have the speaker.

2.
Connect patch cords from the ‘OUTPUT’ ports of the interface to the speaker jacks on the Resonance Tube. 

3.
Make sure that a fresh battery is installed in the microphone (part number 23-115 from Radio Shack, or its equivalent). Place the microphone in the small hole below the speaker. Use the thumbscrew on the side of the speaker assembly to hold the microphone in place.

[image: image8..pict]4.
Connect the microphone plug into the Mini-phone-jack-to-BNC adapter cable (included with the Resonance Tube). Connect the BNC adapter cable into the BNC ADAPTER PLUG (also included with the Resonance Tube). 

5.
Connect the Voltage Sensor banana plugs into the BNC ADAPTER PLUG.

PART IIIA: Data Recording – Open Tube
•
The operation of the Scope, FFT, and Signal Generator displays are similar to both DataStudio and ScienceWorkshop. 

•
WARNING: You can damage the speaker by overdriving it (increasing the amplitude too much). The sound from the speaker should be barely audible. Please keep the amplitude in the Signal Generator window at 0.98 volts or less.

1.
Begin measuring data. (Click ‘Start’ in DataStudio or click ‘MON’ in ScienceWorkshop.) 

•
The Signal Generator will begin automatically. 

[image: image9..pict]2.
Set the frequency in the Signal Generator to 100 Hz. Enter the value for frequency from the keyboard. Click on the value of frequency to highlight it. Type in the new value and press <return> or <enter> to accept the value.

[image: image10..pict]•
The Scope displays the ‘Output’ signal from the interface and the input signal from the microphone.

3.
Find the resonant frequencies. Use the Signal Generator window to gradually change the frequency. Carefully listen to the speaker and watch the Scope and FFT displays. 

•
First, listen. In general, the sound will become louder as you increase the frequency because the speaker is more efficient at higher frequencies. However, listen for a relative maximum in the sound level – a frequency where there is a slight decrease in the sound level as you increase the frequency slightly. This relative maximum indicates a resonance mode in the tube. Adjust the frequency carefully to find the lowest frequency at which a relative maximum occurs. 

•
Second, use the FFT display. The FFT display shows the signal from the microphone. The fundamental frequency will grow in height if the frequency is a resonant frequency. As the peak begins to grow, adjust the frequency in smaller steps. If you think you have reached a resonant frequency, adjust the frequency to a value slightly above and then slightly below the resonant [image: image11..pict]frequency. The peak will decrease at frequencies that are slightly higher or lower than the resonant frequency.

Frequency Adjustment

• 
In the Signal Generator window, you can enter a value for frequency from the keyboard. Click on the value of frequency to highlight it. Type in the new value and press <return> or <enter> to accept the value.

[image: image12..pict]•
You can also adjust the frequency in the Signal Generator by using the cursor.

•
In DataStudio, click the ‘right-left’ arrows to change the frequency increment. Click the ‘minus-plus’ buttons to adjust the frequency.

•
In ScienceWorkshop, click the ‘up/down’ arrows to adjust the frequency. 

•
In ScienceWorkshop, adjust the amount of frequency change for each ‘up/down’ click with the following keys:


Key (with mouse click)
Frequency change
Key (with mouse click)

Macintosh®

Windows™

Shift key
100 Hz
Shift key

“No” key
10 Hz
“No” key

Control key
1 Hz
Ctrl (control) key

Option key
0.1 Hz
Alt key

Command key
0.01 Hz
Ctrl + Alt keys

•
Finally, use the Scope display. You can also find the relative maximum by watching the trace on the Scope display. When the input signal is a maximum height, you have reached a [image: image13..pict]resonant frequency. 

4.
Record the value of this lowest resonant frequency as o in the Data section.

5.
Raise the frequency slowly until you find a new resonant frequency. Again measure and record the frequency.

6.
Continue finding still higher resonant frequencies. Find at least five.

7.
Stop measuring data when you are done with this part of the activity.

PART IIIB: Data Recording – Closed Tube

1.
Put the piston through the hole on the support bracket that goes on the end of the tube without the speaker. Put the piston into the open end of the tube, and put the support bracket onto the Resonance Tube. Position the piston at the 70 centimeter mark inside the tube.

2.
Click on the Signal Generator window to make it active. Type in 60 Hz as the beginning frequency. 

3.
Begin measuring data.

4.
Repeat the steps for finding each resonant frequency. Record the frequencies in the Data section.

Analyzing the Data

1.
For each tube configuration (open and closed) divide each of your resonant frequencies () by the lowest resonant frequency (o) that you were able to find. Record this series for each tube configuration. 

•
If you do not get a series of whole numbers, you may not have found the lowest resonant frequency for the tube. If this is the case, try to use your results to determine what the lowest resonant frequency would have been, had you been able to detect it.

Record your data in the Lab Report section

Lab Report – Activity P35: Resonant Modes – Tube 

What do you think?

Disturbing the air near a tube or column can create a variety of frequencies. What are some common applications of this phenomenon?

Data


Lowest resonant frequency (o), Hz

Open tube


Closed tube


Resonance Frequencies – Open Tube

Resonance Frequencies – Closed Tube


 (Hz)
ratio ()
 (Hz)
ratio ()
























































Questions

1.
Is the number series you determined the same for both closed and open tubes? 

2.
Which tube configuration gives a series of consecutive whole numbers? 

3.
How do you explain your results in terms of the types of standing wave patterns that are excited in each tube configuration?

4.
Is there a node or an antinode at a closed end of the tube?

5.
Is there a node or an antinode at an open end of the tube?

To Interface





To Interface





Change the increment.





Adjust the frequency.





Frequency increment.
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