Fourier Transforms

Purpose:  To study the frequency spectrum of some well known periodic time domain signals as well as some complex signals.  Additionally, we will become familiar with the fundamental lab equipment we will use this semester.  

References: 

1. KFCS chapter 1

Apparatus:  

speaker, electret microphone, brass pipe, 

National Instruments NI Speedy 33 DSP card
NAVEDTRA sonar training .wav files of submerged and surfaced ship noises 

Agilent 35670A  spectrum analyzer  

S/N__________________

Wavetek Model 29 Function Generator
S/N__________________

HP467A Power Amplifier


S/N__________________

SRS SR560 preamp



S/N__________________ 

Tektronix TDS3012B oscilloscope

S/N__________________

Polytec Laser Doppler Vibrometer

S/N__________________ 

Part I.  Last week’s lab, Introduction to Laboratory Equipment directs you to perform the following:

1.  Import your time and frequency domain data for the square, triangle and ramp signals into a plotting program such as Origin or Excel.  Plot the data in both domains for all three sources.  Origin has a function that allows your to “pick peaks” to identify the peak frequencies.  Consider using it.  Are your frequencies and amplitudes consistent with theoretical predictions?  Add predicted values to your table of frequency and amplitude data and comment.

I expect 6 graphs here.  Specifically your output from the square wave, triangle wave and ramp wave as measured and saved by the oscilloscope and spectrum analyzer.  Make sure each each graph is appropriately labeled and titled.

For this week, take your time domain data from the oscilloscope (each case – square, triangle and ramp - 3 more graphs for a total of 9) and have origin perform the Fourier transform.  Compare this to the plot of data from the spectrum analyzer.    
2. Plot your time and frequency domain signal for your pipe.  Fit the oscilloscope data to a sine function and determine the frequency of the fit.  What are the peak frequencies from the analyzer data?

What is the fundamental frequency from the oscilloscope?  From the spectrum analyzer?  What fundamental did you expect from the label on the pipe?  What harmonics are present?  How does the presence of harmonics change the sound over that of the pure tone?   

Repeat the two plots for the train whistle or sliding pipe.

Again, have Origin compute the Fourier transform.  Compare this to the plot of data from the spectrum analyzer.  (6 graphs here)
3.  Plot your time and frequency domain signal for the tuning fork.  Fit the oscilloscope data to a sine function and determine the frequency of the fit.  What was the frequency measured from the oscilloscope and frequency analyzer?  What frequency did you expect?  
You can skip this part from last week’s lab.
4.  Plot the swept sign curves on the same graph.  Does the peak frequency stay constant, increase or decrease as the voltage amplitude sent to the speaker increases?  
Submit one set of graphs per group.  Be sure your graphs are properly drawn.  A single excel spreadsheet or origin project is desired.  There is no need to submit paper graphs.  I count 16 graphs.
Part II.  Take the frequency and amplitudes measured for the square wave from last week’s lab.  Open the VAB software and the document FFT.lst.  Double click on the top cosine generator.  Change the frequency to that  the first peak.  Repeat for the next three peaks.  Next set each gain successively to the corresponding amplitude you recorded.  Because we are using cosine generators, every other gain must be negative. Select run and observe the output from these 4 frequencies.        
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Describe what you see.  Go to 
http://www.falstad.com/fourier/  

on the world wide web.  Examine the applet and move the slides to change the shape of the waveform for the square, triangle and ramp waves.  Do the slides magnitudes agree with the frequency and amplitudes you measured?   Explain your results in a quick paragraph
Part III.  Open any clip of a submerged submarine found on your hard disk.  Using your microphone, capture a portion of the clip on the oscilloscope and on the frequency analyzer.  Use the average feature of the analyzer.   Again, have origin determine the FFT of this complex waveform.  Compare to the analyzer data.  How effective is the analyzer averaging feature?
Repeat using a different recording for a different ship or the same ship in a different mode.  Does the spectrum measured differ from the first spectrum?  Can the FFT be used to identify platforms or modes of operation of platforms?  Explain in a paragraph.

Time permitting, compare these signals to that for biological noises found in jp/11720ra.wav or sonotech track 1. 

