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*************************************************

e-mail to self at FFU:  

- New JCapture code?  Other code from recent class folders?  


- Web sites for FT examples!!!


- New homework solution

- Set up class e-mail address book


*************************************************     

Today: 

Collect and show homework solution.

Topics:


1) Periodic sounds can be decomposed into sums sinusoids of harmonics of 1/T .



Each coefficient of said harmonic is computed by integral of signal times exp(j k 2pi t/T)


2) Pulse train is digital sampling pattern.  Fourier transform of pulse train = pulse train.


3) Pulse train sample of periodic sample gives finite number of samples, and frequencies.


4) Frequency domain wraps around.  Samples 

-N/2, -N/2 - 1,  ... -2, - 1, 0, 1, 2, N/2 can be written as   0, 1, ...... N-1


5) Minimalist Fourier Transform and the derivation of the FFT:  e.g., N = 1, e.g.,N = 2


6) N = 1, 2, 4


7) Danielson-Lanczos lemma in a real example


8) N = 1  -> N = 2 via Danielson-Lanczos lemma


9) N = 8, Danielson-Lanczos lemma


10) The Fast Fourier Transform tree, and   N log N

DIGITAL SIGNALS: quantized values, quantized time (discrete samples in time)


= Convolution of impulse train with continuous signal



See pages 50, 56 in Steiglitz

- Note that real functions have conjugate coefficients for negative indices


- Note magnitude of fourier coefficients, and their phase angles



(zero phase means no imaginary component)


- Squeeze alpha down to zero, get an “impulse train” :    |____|____|____|____|____|____|

TIME DOMAIN:  N samples equally spaced over one period, T.

  x      x       x                                 x    
(values of signal at time t)

   0,     1,      2,   .  .  .  .                   N

   |____|____|____|____|____|____|

      Ts
  Ts  
Ts



       T

T
= 
duration of signal T (the length of one complete period)

N
=
number of samples in the interval T

Ts = T/N =
time per sample (sampling interval)

-
-
-
-
-
-
-
-
-
-
-
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FREQUENCY DOMAIN:  N frequencies of the constituent sinusoids.






! Nyquist






|

 c                 c                 c                                                                       c
(coefficients of sinusoids)

   0,               1,                2,   .  .  .  .                                                          N-1

   |_________|_________|___. . .  __|_________|_________|_________|

           
 1/T  

        









     

   f0
         f1

    f2 

fN/2


f -2
f -1
f1 =  1/T  =
fundamental frequency of Fourier transform = frequency increment 

fs = 1/Ts  = 
sampling frequency

fk =  k/T = k fs /N  = harmonic frequencies   f0 ,  f1 , f2 , f3   . . . fN-1 

Note symmetry and wraparound:   fN-k =  f -k
Some important frequencies in your life:

	
	
	
	
	

	
	Period(sec)
	Frequency(Hz)
	MicroHz
	PicoHz

	Pulse 30
	2
	0.50
	
	

	Pulse 240
	0.25
	4.00
	
	

	Hour (3600 sec)
	3,600
	2.78E-04
	277.78
	

	Day (24 hrs)
	86,400
	1.16E-05
	11.57
	

	Moon (full-to-full)
	2,419,200
	4.13E-07
	0.41
	41.34

	Year (365.25 days)
	31,557,600
	3.17E-08
	0.03
	3.17


Old Homework Assignment: Due 18-NOV-02, beginning of class


Consider the periodic ramp function which goes from 0 to 1 in the time interval of two seconds, 

x(t) = .5 t + 2k   ;   (0 < t < =2;      k = 0, -1, 1, -2, 2, -3, 3....) 

- Write a JFrame class which generates samples of this function, 8 samples per period, and then computes the discrete Fourier transform using the dft method of the FFT class in diffCAD  (pp 264-266 in Lyon).  Print out the values of the transform coefficients (real and imaginary parts) for all 8 sample frequencies on a JTextArea of the JFrame. (Hint, last week’s code assignment from my example in class today)   HAND IN A SCREEN SHOT OF YOUR OUTPUTS.

- What is the sample time interval, Ts?   1/4 sec = .25 sec = 250 ms

- What is the frequency interval in the transform domain, f1? 1/T  =  ½  = .5Hz

- What is the frequency range in the transform domain? 1/ Ts  = 4 Hz
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New Homework Assignment Due Week 11, Novermber 25:  Reread Ch 6 in Lyon.

Augment your program from last week for the DFT to output the coefficients in (r, theta) format instead of (Real, Imaginary).  I.e., use Euler’s formula in a method in the class, to convert the (Re,Im) to (r, theta).  Then for the inverse, convert the opposite way and use your previous code intact. 

Hand in exactly as your Due-Nov18 homework, but with r-theta printout and using (R, theta) as input to the inverse dft.

