
Name _____________________

EE301-Spring 2010
Laboratory Project 10:  Fourier Series and FFT

Pre-lab:

Review the class handout on the Fourier Series representation for the square and triangle waveforms as well as the ones on the effects of duty cycle.  

Recall the Fourier Series for a Square Wave (-1 to 1) is:

 F(t)=
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and the Fourier Series for a Triangle Wave is:
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The fundament frequency is defined at 
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Think about what the frequency spectrum (what frequencies are present, what are the relative magnitudes) would look like for each of these wave forms are well as a sine waveform.  Draw the spectrum for each below in terms of the fundamental frequency.


Frequency Spectrum 


Frequency Spectrum


Frequency Spectrum

for Square Waveform


for Triangle Waveform

for Sine Waveform

Lab

In this lab we will be using the signal generator to simulate our 3 waveforms (square, triangle and sine) plus two square waveforms with different duty cycles and some sound signals.  The oscilloscope will be used to examine the waveforms in both the time and frequency domain.  Feel free to get printouts if you would like.

Procedure Part 1

· Set the function generator to generate a 1 volt peak-peak, 10 kHz square waveform with no DC offset.  Make sure the “invert” button is out.

· View the waveform on the oscilloscope and verify in the time domain that you have the above signal.  For this part, use the “AC Coupling” option on the oscilloscope.

· To analyze the frequency spectrum, the “math” channel (red button) will need to be used.  Select the input channel for the waveform, “FFT” as the operation, and then “Rectangular” for window type and FFT zoom equal to x1.  The time scaling knob will likely need to be adjusted to zoom into the frequency region of interest.  The frequency response should look something like Figure 1.  

· With the cursor function.  Measure both the frequency and magnitude of the fundamental and the next 4 harmonics present.  Record the data in Table 1.
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Figure 1: Frequency Response from Oscilloscope.

· Repeat the above two steps for both triangle and sine waveforms and answer the questions.

· When you are finished taking your measurements, push the red math functions button and try the “Hanning” window type.  Write your observations in the question section.

Table 1:  Data for Square Waveform

	
	Frequency (Hz)
	Magnitude (dB)

	Fundamental Frequency
	
	

	1st Harmonic Present
	
	

	2nd Harmonic Present
	
	

	3rd Harmonic Present
	
	

	4th Harmonic Present
	
	


Table 2:  Data for Triangle Waveform

	
	Frequency (Hz)
	Magnitude (dB)

	Fundamental Frequency
	
	

	1st Harmonic Present
	
	

	2nd Harmonic Present
	
	

	3rd Harmonic Present
	
	

	4th Harmonic Present
	
	


Table 3:  Data for Sine Waveform

	
	Frequency (Hz)
	Magnitude (dB)

	Fundamental Frequency
	
	

	1st Harmonic Present
	
	

	2nd Harmonic Present
	
	

	3rd Harmonic Present
	
	

	4th Harmonic Present
	
	


Questions

· Are the frequencies present the ones you would expect based on the Fourier Series Expansion?

· Are the magnitudes following the pattern that you would expect?

· What changed when you switched between the Rectangular and Hanning window?

Procedure Part 2

In this portion of the lab, the effect of duty cycle will be investigated.  In particular, as the pulse gets smaller, it would be really cool to see the higher order harmonics become more important and make the wavy pattern in the Fourier Series Handout.  The duty cycle is defined as how much of the period the square waveform is at a value of 1 volt.

· Switch the oscilloscope back to “DC Coupling”

· Set up a 1 volt peak-to-peak square waveform with a 0.5 volt DC offset.  

· Push the symmetry on button and turn the dial to the left.  .  

· Adjust the frequency to 10 kHz and make the time the wave is at 1 volt about 10% of the period.  This will produce a duty cycle around 10%.
· Measure the time at 1 volt _____________, Record the period ______________

· Calculate the duty cycle ___________________

· Look at the FFT and record the data in Table 4.  (use Rectangular window)

· Now turn the duty cycle dial to the right a bit. Goal will be to get something in the range of a 30% duty cycle.

· Readjust the frequency to 10 kHz if necessary. 

· Measure the time at 1 volt _____________, Record the period ______________

· Calculate the duty cycle ___________________

· Look at the FFT and record the data in Table 5.  (use Rectangular window)

Table 4:  Data for Lower Duty Cycle

	
	Frequency (Hz)
	Magnitude (dB)

	DC Term
	
	

	Fundamental Frequency
	
	

	1st Harmonic Present
	
	

	2nd Harmonic Present
	
	

	3rd Harmonic Present
	
	

	4th Harmonic Present
	
	

	5th Harmonic Present
	
	

	6th Harmonic Present
	
	

	7th Harmonic Present
	
	

	8th Harmonic Present
	
	

	9th Harmonic Present
	
	

	10th Harmonic Present
	
	

	11th Harmonic Present
	
	


Table 5:  Data for Higher Duty Cycle

	
	Frequency (Hz)
	Magnitude (dB)

	DC term
	
	

	Fundamental Frequency
	
	

	1st Harmonic Present
	
	

	2nd Harmonic Present
	
	

	3rd Harmonic Present
	
	

	4th Harmonic Present
	
	

	5th Harmonic Present
	
	

	6th Harmonic Present
	
	

	7th Harmonic Present
	
	

	8th Harmonic Present
	
	

	9th Harmonic Present
	
	

	10th Harmonic Present
	
	

	11th Harmonic Present
	
	


Questions

· Why are there more frequencies present than in the square waveform in Part 1?

· Why is there a spike at 0 Hertz?

· Are the magnitudes following the pattern that you would expect?

· Describe the difference in how the magnitude decreases between frequencies between what you saw in Part 1 (square wave) and as the duty cycle decreased?

· How many frequencies would it take to represent an impulse?   (ie, as the duty cycle approached zero)
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