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/ Fourier Analysis \
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/ Fourier Series: Example\

x(t) = —1 —Ee:rq:'[]
and x(t+nl)=x(t) n==x1, £2, ..
T
= ] 0<t < —
<t < 5
x(t) 4
| 1 | |
l l l
: : : >t
T 0 Ei |
2 | 21 l
S I L

v







-
0 T t
| [ E [
i
1 Term 2 Terms 3 Terms
4 . 4] . 1 . 41 . 1 . 1.
S, (t)=—sinmt S,(t)=—| sinwf+—sin3mt S, (1) =—| sinwt+—sin 3w+ —sindmf
s T 3 g 3 5

v




Amplitude & Phase Spectrum
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MATLAB: example \

clc; close all; clear all

% Keep hitting enter button if you want to see the term by term approx.
t=[0:0.001:1];
x=[ ]; x_tmp=zeros(size(t));

for n=1:2:39
X_tmp=x_tmp+4/pi*(1/n*sin(2*pi*n*t));
X=[x; X_tmp];

end

figure,
for i=1:20

drawnow
plot(t, x(i,:)) %oplot(t,x(i,:),t,x(7,:),t,x(20,%));
xlabel(\itt\rm (seconds)’); ylabel("\itx\rm(\itt\rm)’)
grid on




/ FOURIER TRANSFORM\

« Extension of Fourier analysis to non-periodic phenomena
* Discrete to continuous
» Skipping essential steps, in the limit T, >0
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/ Examples

1) Dirac delta
(1) F{d(n)}
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2) Symmetric exponential x(f) = ¢ *fl. 1 =0
(1) X(f)




-~

3) Sinusoid
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/ Examples \

5) Damped symmetrically oscillating function
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@mped oscillating function
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Windowing
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Windowing
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/ Windowing: lllustration \
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v




COMMON WINDOW FUNCTIONS
Rectangular Window
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COMMON WINDOW FUNCTIONS
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/ Discrete Fourier Transform

« Consider a sequence X(nA)atn=20,1, 2, 3,4, ..,
N-1 points. The DFT is defined as :

N-—1
X(ejQIrfﬂ) — ZI(H&)E?_JQHJCH&
n=0

* Note that this is still continuous in frequency
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/ Discrete Fourier Transform

Now let us evaluate this at frequencies: f = k/N A
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@RIER INTEGRAL VS DFT

Fourier Integral [ X()| 4

Fourier transform of the sampled sequence
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FOURIER INTEGRAL VS DFT
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FOURIER INTEGRAL VS DFT
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FOURIER INTEGRAL VS DFT

xp (1) =w(t)- x(t)
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/ FFT ALGORITHM: GLIMPSES \

* The DFT provides uniformly spaced samples gf
the Discrete-Time Fourier Transform (DTFT)

 DFT definition:

27znk 27znk

X[k]= Zx[n]e x[n] = —ZX[k]e

* Requires N2 complex multiplications & N(N-1)

__complex additions /




/L’ET’S TAKE AN EXAMPLE OF FFT: A
SIMPLE MATLAB CODE

» Consider asignal: x = A sin 2npt

1

° p:T—p.HZ

« Setasampling frequency fs = % . Hz
P

« A=2p=1Hz
4

* What does Fourier integral give ? | X (T) | =5
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FT MATLAB EXAMPLE-1

freq = 1; % Frequency of sinusoid. freq= 1/ Tp;

Tp=1/freq; % Tp is the period

fs=10*freq; % Define sample time and sample frequency. Take fs = 10/Tp
ts=1/fs;

T1=1*Tp; % Time point where the data is truncated to

t=0:ts: T1-ts;

X= 2*cos(2*pi*freq™t);

L=length(x);

FT =fft(x); % FET command; gives Fourier amplitude

\ f=fs* (0:(L-1))/L; % Creating the X-axis or frequency axis

fabs=abs(FT); % Single sided Fourier transform




DATA TRUNCATED AT EXACTLY
ONE PERIOD (10-POINT FFT)
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for DFT, all the frequency components
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FFT MATLAB EXAMPLE-2

clc; clear all; close all
A=2;

p=1;

Tp=1/p;

fs=10/Tp;

No_of periods = 2; %Keep changing this parameter
T1=No_of periods*Tp;

t1=[0:1/fs:T1-1/fs];

X1=A*cos(2*pi*p*tl);

X1=fft(x1);

N1=length(x1); f1=fs*(0:N1-1)/N1;

figure(1)

subplot(1,2,1)

plot(f1, abs(X1), 'b")

xlabel('Frequency (Hz)")

ylabel("Modulus of \itX\rm(\itk\rm)"); %axis([0 9.9 0 10])
subplot(1,2,2)

stem(f1, abs(X1), 'b")
xlabel('Frequency (Hz)")
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@IT IMPULSE FUNCTION

Suppose a function d () has the form
97 _
dr(t):{l/ T, —r<t<r

0, otherwise
Then, I(7) = 1.

We are interested d (f) acting over
shorter and shorter time intervals

(1.e., 7— 0). See graph on right.

Note that d (t) gets taller and narrow

as 7— 0. Thus for ¢t # 0, we have

ag———-

Iirrg d_(t)=0, and Iirrg 1(7) =1




/DIRAC DELTA FUNCTION

7—0

properties

5(t)=0 fort =0, and j_“’ s(t)dt =1

The unit impulse function is an example of a

delta function.

S(t—t,)=0fort=ty, and [ 5(t—t,)dt =1

Thus for ¢t # 0, we have Iing d (t)=0, and limI(7) =1

The unit impulse function J1s defined to have the

generalized function and is usually called the Dirac

In general, for a unit impulse at an arbitrary point £,
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/ LAPLACE TRANSFORM OF o

L{ot—t,)}= lim L{d_(t-t,)}, t, >0
and thus -
L{st-t,)}=lim | e

td_(t—t,)dt = Iimi

™

The Laplace Transform of 6 1s defined by

to+7
_[ T e tdt
to—7

7—0 22'
y _st Lot
| = Iim_e — |imi|:_e_s(t0+7)_|_e S(to—T)]
7—0 232- 7—0 ZST
to—7
_ fim e e —e ™ _osh| [im sinh(s7)
™0 Sr 2 7—0 ST
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/ LAPLACE TRANSFORM OF & \

Thus the Laplace Transform of d1s
Liot—t,)}=e"", t,>0

For Laplace Transform of d at t,= 0, take limit as

follows:
Lis®)j=lim Lid, (t—t,)}=lime™* =1

For example, when ¢,= 10, we have L{Xt-10)} = 1%,
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