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Activity P43 Resonance Modes – Sonometer

Resonance Modes of a Stretched String 
(Power Amplifier, Voltage Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Waves
P43 Sonometer.DS
P34 Resonance Modes 1
P34_SONO.SWS

Equipment Needed
Qty
Equipment Needed
Qty

Power Amplifier (CI-6552)
1
Mass Set (SE-8705)
1

Voltage Sensor (CI-6503)
1
Sonometer with Coils (WA-9757)
1

What Do You Think?

[image: image1.wmf]A string on a musical instrument such as a guitar will vibrate at a specific frequency when plucked. The string vibrates at a different frequency if the length or tension is changed.

[image: image4.wmf]If the tension of the string is constant, what the relationship is between the length of a stretched string and the frequencies at which resonance occurs?

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

Background 

Standing Waves

A simple sine wave traveling along a stretched string can be described by the equation:
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where y is amplitude, ym is maximum amplitude, x is horizontal distance,  is wavelength, t is time, and n is the number of antinodes. 

If the string is fixed at one end, the wave will be reflected back when it strikes that end. The reflected wave will then interfere with the original wave. The reflected wave can be described by the equation:
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Assuming the amplitudes of these waves are small enough so that the elastic limit of the string is not exceeded, the resultant waveform will be just the sum of the two waves:
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This equation has some interesting characteristics. At a fixed time, t0, the shape of the string is a sine wave with a maximum amplitude of: 
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At a fixed position on the string, x0, the string is undergoing simple harmonic motion, with an amplitude of 
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Therefore, at points of the string where x0 = /4, 3/4, 5/4, 74, etc., the amplitude of the oscillations will be a maximum (oscillations from both waves reinforce each other). At points of the string where x0 = /2, , 3/2, 2, etc., the amplitude of the oscillations will be zero (oscillations from both waves cancel each other).

This waveform is called a standing wave because there is no propagation of the waveform along the string. Each point of the string oscillates up and down with its amplitude determined by whether the interfering waves are reinforcing or canceling each other. The points of maximum amplitude are called antinodes. The points of zero amplitude are called nodes. 

Resonance

The analysis above assumes that the standing wave is formed by the superposition of an original wave and one reflected wave. In fact, if the string is fixed at both ends, each wave will be reflected every time it reaches either end of the string. In general, the multiple reflected waves will not all be in phase, and the amplitude of the wave pattern will be small. However, at certain frequencies of oscillation, all the reflected waves are in phase, resulting in a very high amplitude standing wave. These frequencies are called resonant frequencies.

In this activity, the relationship between the length of the string and the frequencies at which resonance occurs is investigated. It is shown that the conditions for resonance are more easily understood in terms of the wavelength of the wave pattern, rather than in terms of the frequency. In general, resonance occurs when the wavelength ( satisfies the condition:

 = 2L/n;    n = 1, 2, 3, 4,…

Another way of stating this same relationship is to say that the length of the string is equal to an integral number of half wavelengths. This means that the standing wave is such that a node of the wave pattern exists naturally at each fixed end of the string.

SAFETY REMINDER
· Follow all safety instructions.
[image: image14..pict]

For You To Do

In this activity, use a Driver Coil connected to the Power Amplifier to vibrate a thin wire that is stretched over two “bridges” on a Sonometer. Use the Signal Generator in ScienceWorkshop or DataStudio controls the frequency at which the wire is vibrated. Use a Voltage Sensor connected to the Detector Coil on the Sonometer to measure the amplitude of the vibrating wire. 

Use the ScienceWorkshop or DataStudio program to display the output signal that controls the Driver Coil, and the input signal from the Detector Coil. Determine the resonant frequencies of the stretched wire by watching the amplitude of the input signal from the Detector Coil.
PART I: Computer Setup
[image: image5..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 Analog Channel A of the interface. 

3.
Connect the Power Amplifier to Analog Channel B of the interface.

4.
Open the document titled as shown:


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

P43 Sonometer.DS
P34 Resonance Modes 1
P34_SONO.SWS

•
The ScienceWorkshop 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 is set to show the voltage from the Power Amplifier (Output Voltage) and the voltage from the detector coil (Voltage, ChA).  

PART II: Sensor Calibration and Equipment Setup
•
You do not need to calibrate the Voltage Sensor or Power Amplifier.

1.
Set the Sonometer at the edge of a table so the tensioning lever extends beyond the table.

[image: image6..pict]2.
Start with the bridges 60 cm apart. Select one of the wires that is included with the Sonometer. Attach the wire to the peg on the cylinder with the string adjustment knob, and to the rounded slot in the vertical section of the tensioning lever. 

[image: image7..pict]3.
Hang a mass of approximately 1 kg from the SECOND notch in the tensioning lever. Use the string adjustment knob to tighten or loosen the wire until the tensioning lever is horizontal. 

4.
Position the Driver Coil approximately 5 cm from one of the bridges. Connect the Driver Coil banana plugs into the Power Amplifier output jacks. 

[image: image8..pict]5.
Position the Detector Coil near the center of the wire between the two bridges. Attach the BNC connector on the Detector Coil cable to the BNC-to-banana-jack Adapter Plug. Connect the Voltage Sensor banana plugs into the jacks on the Adapter Plug.

6.
Calculate the tension in the wire by multiplying the number of the notch on the tensioning lever by the weight of the hanging mass (mass (kg) x 9.8 N/kg). 

7.
Record the length, tension, and linear density of the wire in the Lab Report section.

PART IIIA: Data Recording – Fundamental Frequency
Fundamental Frequency

•
The fundamental frequency is the natural frequency at which the wire vibrates when it is plucked.

1.
Use the Frequency Spectrum (FFT) display to measure the approximate value of the fundamental frequency of the wire on the Sonometer.

[image: image9..pict][image: image10..pict]•
Turn off the ‘automatic signal output’. Click ‘AUTO’ in the Signal Generator window to turn off the automatic signal output feature temporarily.

•
Start measuring. Click ‘MON’ in ScienceWorkshop or ‘Start’ in DataStudio to begin monitoring data. 

•
Pluck the wire near the center of its length. As the wire vibrates, the Frequency Spectrum (FFT) display will show the fundamental frequency recorded by the detector coil. Use the ‘Smart Cursor’ (ScienceWorkshop) or ‘Smart Tool’ (DataStudio) to find the fundamental frequency of the wire.

•
Click ‘STOP’ to end the measuring.

2.
Set up the Signal Generator. Click the Signal Generator window to make it active and set the frequency in the Signal Generator window at a value that is approximately one-half of the fundamental frequency of the wire. (For example, if the approximate fundamental frequency is 110 Hz, set the frequency in the Signal Generator window to 55 Hz.) 

•
Turn on the ‘automatic signal output’. Click ‘AUTO’ in the Signal Generator to turn the automatic signal output feature back on.

•
NOTE: The reason that the driving frequency in the Signal Generator should be approximately one-half of the fundamental frequency is because the driver coil (an electromagnet) pulls on the metal wire TWICE per cycle. Therefore, if you set the driving frequency at 60 Hz, the wire will vibrate at 120 Hz.

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.

•
You can also adjust the frequency in the Signal Generator by using the cursor.

[image: image11..pict]•
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. 

[image: image2.wmf]
•
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

Record the Fundamental Resonant Mode

1.
Click ‘MON’ or ‘Start’ to begin measuring again. Observe the middle area of the wire, and the traces on the Scope display. 

•
Frequencies that result in maximum amplitude (string vibration) are resonant frequencies. When resonance occurs, the voltage from the Detector Coil will be at its maximum amplitude.

2.
Slightly adjust the signal frequency up and down. Watch the wire and the traces on the Scope. The lowest frequency at which resonance (and maximum amplitude) occurs is the first, or fundamental, resonant mode. When you are satisfied that the wire is in its fundamental resonant mode, record the Signal Generator frequency.

Second Resonant Mode

3.
Find the second resonant mode. Slide the detector coil away from the driver coil so the detector coil is at a position about three-fourths of the distance between the bridges.

[image: image3.wmf] 

4.
Set the Signal Generator frequency to twice its original frequency. Observe the vibrating wire. Adjust the frequency up and down until you are satisfied that the wire is in its second resonant mode. Record the Signal Generator frequency. Calculate and record the frequency at which the wire is vibrating.

Remember that the Signal Generator frequency is one-half the wire’s vibration frequency.

Measure Antinode Positions

5.
Slightly adjust the position of the detector coil back and forth. Observe the change in amplitude of the trace on the Scope display. When you are satisfied that the detector coil is beneath an antinode on the wire, record the position of the detector coil. Slide the detector coil toward the center position so it is beneath a node on the wire (where the voltage from the detector is at its minimum amplitude). 

[image: image12..pict]
Continue to slide the detector coil until it is beneath another antinode (at approximately one-fourth the distance between bridges). Watch the amplitude of voltage on the Scope display. 

•
When you are satisfied that the detector coil is beneath an antinode, record the position of the detector coil. 

NOTE: The distance between antinodes is one-HALF wavelength.

Higher Resonant Modes

6.
Record the Signal Generator frequencies and the distances between adjacent antinodes for the next three resonant modes by adjusting the frequency in the Signal Generator window and by sliding the detector coil from one antinode to the next antinode.

7.
From your results, calculate and record the wire’s vibration frequency and the wavelength of each resonance pattern you discovered. (Remember that adjacent nodes are one-half wavelength apart.)

Record your data in the Lab Report section

Lab Report – Activity P43: Resonance Modes-Sonometer

What Do You Think?

A string on a musical instrument such as a guitar will vibrate at a specific frequency when plucked. The string vibrates at a different frequency if the length or tension is changed.

If the tension of the string is constant, what the relationship is between the length of a stretched string and the frequencies at which resonance occurs?

Data

Distance between bridges 
=         m

Linear density 


=         g/m

Tension (notch x mass x ‘g’) 
=          N

Mode
Sig. Gen. Freq. (Hz)
Wire Freq. (Hz)
Antinode distance (m)
Wavelength (m)

first





second





third





fourth





fifth





Questions

1.
What do you think the relationship is between the length of a stretched string and the frequencies at which resonance occurs?

2.
What is the shape of each resonant waveform?

3.
What is the relationship between the number of antinode segments and the number of the resonant mode?

4.
What is the relationship between the wavelength and the frequency for each resonant mode?

.

5.
What is the mathematical relationship between the lowest resonant frequency and the higher frequencies at which resonance occurred?
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Change the frequency increment.





Adjust the frequency.





Frequency increment.
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