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Name _____________________
Class ______________
Date _________


Activity SL27: Interference of Sound Waves - Beats 
(Voltage Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Waves
P33 Beats.DS
P33 Interference-Beats
P33_BEAT.SWS

Equipment Needed
Qty

Voltage Sensor (CI-6503)
1

Dual Function Generator (WA-9301A)
1

Speaker (WA-9303)
1

What Do You Think?

[image: image1.png]


In a typical classroom of science students, one or two people may play a guitar. They could describe to you the phenomenon they are trying to eliminate in the process of tuning. Ask a guitar player to describe what they are listening to as they tune a guitar. Write a brief description of what you hear when two slightly out-of-tune guitar strings are played at the same time.

Take time to write a brief description in the Lab Report section.

[image: image5.wmf]This activity examines the relationship between the beat frequency and the frequencies of the two interfering sound waves and shows beats on a Scope display.

Background

When two sound waves of slightly different frequency are produced simultaneously, they interfere with each other and the resulting sound that you hear is the superposition of the two waves. The combined sound seems to be one frequency, but the intensity varies. This loudness variation is called beats. 

The beat frequency (number of beats per second) should equal the difference between the frequencies of the waves that interfere: 

fbeat = |f2 – f1|
For You To Do

In this activity, use a special dual function generator to produce two sound waves of slightly different frequencies. Use the Voltage Sensor to measure the combined waveform. Use DataStudio or ScienceWorkshop to display and analyze the waveform.

Use one of the built-in analysis tools of the software to determine the beat frequency. Then use the Frequency Spectrum (FFT) display to observe the dominant frequencies of each individual wave. Then compare the beat frequency to the difference in frequency of the two interfering waves.

SAFETY REMINDERS

· Carefully follow the directions for using the equipment.

PART I: Computer Setup
1. [image: image6..pict]Connect the interface to the computer, turn on the interface, and turn on the computer. 

2. Connect the Voltage Sensor DIN plug into Analog Channel A on the interface. 

3. Open the document titled as shown:


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

P33 Beats.DS
P33 Interference-Beats
P33_BEAT.SWS

· The document opens with a Scope display and a Frequency Spectrum (FFT) display.

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

[image: image7..pict]1.
Plug in power cord of the Dual Function Generator. Set the SUMMING AMPLIFIER found on the right hand edge of the Dual Function Generator so that the output from both Generator 1 and Generator 2 will go into the VOLUME control at the lower right corner of the generator. (Put the middle 2 switches to the IN position.)

2.
Plug the Voltage Sensor banana plugs into the output jacks on the lower right of the Generator marked 8 Ω OUT and GND. 

3.
Connect the speaker plug into the top of the Voltage Sensor banana plugs.

[image: image8..pict]

[image: image9..pict]PART II: Equipment Setup - Continued
4.
Turn the MODULATION control on each of the Generators to OFF.

5.
Set GENERATOR 1 to a sine wave. Put the frequency range select control at 100. Put the AMPLITUDE control at the halfway point. Set the frequency at about 250 Hz. 

6.
Set GENERATOR 2 to a sine wave. Put the frequency range select control at 100. Put the AMPLITUDE control at the halfway point. Set the frequency at about 230 Hz. 

[image: image10..pict]7.
Turn on the Dual Function Generator. Adjust the VOLUME control at the lower right corner of the generator. 

· Note: You should be able to hear the output from both GENERATOR 1 and GENERATOR 2 of the Dual Function Generator from the speaker.

PART III: Data Recording
1. Start monitoring data. 

· Hint: In DataStudio, click the Start button ([image: image18..pict]).

· Hint: In ScienceWorkshop, click the MON button ([image: image2.png]


).

· [image: image11..pict]The Scope should display a waveform somewhat like the examples shown here. 

· [image: image12..pict]Notice that the sweep speed is set to 10.00 ms/div, and that the sensitivity is set to 0.200 v/div. Notice also that the trigger level is set to match the maximum amplitude of the waveform.

2. Adjust the Scope controls as necessary in order to display your waveform.

3. Click the STOP button to stop monitoring data.

Analyzing the Data
1. Use the Scope display’s built-in analysis tool to find the time (or period) from one maximum amplitude to the next. Record the time in the Lab Report section.

· [image: image13..pict][image: image14..pict]Hint: In DataStudio, click the Smart Tool button ([image: image3.png]


). Move the Smart Tool to the first point of maximum amplitude on the Scope display. Use the “delta” feature of the Smart Tool to find the time to the next maximum amplitude. To use the “delta” feature, move the cursor toward a corner of the Smart Tool until the cursor changes to a “∆” shape. Move the “∆” shaped cursor to the next maximum. Record the time.

[image: image15..pict]
· Hint: In ScienceWorkshop, click the Smart Cursor button ([image: image4.wmf]) and move the cursor to the first point of maximum amplitude on the Scope display. Use the “delta” feature of the Smart Cursor to find the time to the next maximum amplitude. To use the “delta” feature, hold down the mouse button as you move the cursor. Record the time.

· The next task is to find the frequency of each individual tone: 

2. [image: image16..pict]Turn off the signal from GENERATOR 2 on the Dual Function Generator by moving the third switch in the SUMMING AMPLIFIER from IN to OUT. The remaining tone is coming from GENERATOR 1 alone.

3. Set up the FFT display. 

· Hint: In DataStudio, click the Window menu and select FFT1 from the list.

· Hint: In ScienceWorkshop, click the Display menu and select Frequency Spectrum from the end of the menu.

4. Start monitoring data from GENERATOR 1. 

5. Hint: Click the Start button in DataStudio or click the MON button in ScienceWorkshop.

· The FFT (Frequency Spectrum) display will show the fundamental frequency of the signal from GENERATOR 1. 

6. Use the FFT display’s analysis tools to find the principal frequency of the signal from GENERATOR 1.

· [image: image17..pict]Hint: In DataStudio, click the Smart Tool button. In ScienceWorkshop, click the Smart Cursor button. Move the cursor to the position of the maximum peak in the frequency spectrum. 

7. Record the frequency that is displayed. 

· Hint: In DataStudio, the frequency is the first number in the ordered pair next to the Smart Tool. In ScienceWorkshop, the frequency is shown in the area just below the horizontal axis.

8. Click the STOP button to stop monitoring data.

9. Turn off the signal from GENERATOR 1 on the Dual Function Generator by moving the second switch in the SUMMING AMPLIFIER from IN to OUT. Turn on the signal from GENERATOR 2 by moving the third switch from OUT to IN.

· The new tone is coming from GENERATOR 2 alone.

10. Start monitoring the data from GENERATOR 2.

· Hint: Click the Start button in DataStudio or the MON button in ScienceWorkshop.

· The Frequency Spectrum (FFT) display will show the fundamental frequency of the signal from GENERATOR 2. 

11. Use the FFT display’s analysis tools to find the principal frequency of the signal from GENERATOR 2. 

· Remember in DataStudio, click the Smart Tool button. In ScienceWorkshop, click the Smart Cursor button. Move the cursor to the position of the maximum peak in the frequency spectrum. 

12. Record the frequency that is displayed.

· Remember that in DataStudio, the frequency is the first number in the ordered pair next to the Smart Tool. In ScienceWorkshop, the frequency is shown in the area just below the horizontal axis.

13. Click the STOP button to stop monitoring data.

Record your results in the Lab Report section.

Lab Report - Activity SL27: Interference of Sound Waves - Beats

What Do You Think?

In a typical classroom of science students, one or two people may play a guitar. They could describe to you the phenomenon they are trying to eliminate in the process of tuning. Ask a guitar player to describe what they are listening to as they tune a guitar. Write a brief description of what you hear when two slightly out-of-tune guitar strings are played at the same time.

Analyzing the Data

Data Table

Time (ms)
Frequency (Hz)




Individual Frequencies for Dual Function Generator


GENERATOR 1
 Hz

GENERATOR 2
 Hz

1.
Calculate the beat frequency: 


2.
Find the difference between the two individual frequencies and compare this to the beat frequency. 

Beat Frequency (experimental) = _______ Hz

Beat Frequency (theory) = |Frequency2 - Frequency1| = _______ Hz

Percent difference between experimental and theoretical values = _____ %
Question

1. What are some factors that could account for the percent difference between experimental and theoretical values?
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