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Continuous-time Fourier Series ...

* Fourier series representation
Synthesis equation:

+ 00

x(t) = z age’wot

k=—o0

Analysis equation:

1

ay = Tf x(t)e Jkwot
T
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Continuous-time Fourier Series ...

* Synthesis equation
The synthesis or reconstruction of signal x(t) from a
summation of complex exponential terms (or from cosine
terms) weighted by the Fourier Series coefficients can also

be written by:
+00

x(t) = z a, elk@wot

k=—o0

+ 00
= ag + 2 z lay| cos(kwot + 2ay,)
k=1
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Continuous-time Fourier Series (Truncated version)

If instead of using an infinite amount of terms, the summation 1s
truncated to N, terms (with N, odd here), we then obtain the

following approximation.

(Ng—1)/2
x(t) = 2(t) = Z a e’ fwot

k=—(Ng—1)/2
(Ng—1)/2

=qag + 2 z |ai | cos(kwot + 2ay,)
k=1

* N, » oo then X(t) — x(t).
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Discrete-time Fourier Series

 Fourier Series representation
Synthesis equation:

Analysis equation:
1 i
Ay =~ Z x[n]e™/*@ont
n=<N>
* No need for truncated version because N Is finite already.
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Syntax Review

x=0;
for k=1:10 =
x==§zk
x=x+k;
k=1
end
abs (ak) ; la|
angle (ak) ; LAy
e—jkwon

exp (-3*k*w0*n) ;
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Example (Fourier series for a square wave)

« Square wave X(t) with period T. |
|1, It| < T,
x(8) = {0, T, < |t]| <T/2 |
T, =0.5,T =4 ool
 Fourier Series coefficients L N
2T1 ZSin(k(,()()T]_) 2T
= — — ) k#0 Wy = —
Qo =~ kwoT 0T T
* Now, let’s rebuild x(t) from ay and ay.
So, we implement: (Ng=1)/2
x(t) =ay+ 2 z lay | cos(kwot + 2ay,)
k=1

P
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30T NOW

Note: T=4; T1=0.5; wO0=2*pi/T;
wO0=2*pI/T, a0=2*T1/T: ak=sin(k*w0*T1)/(k*pi);

4 N
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approximation Na=9

1.2

T=4;T1=0.5; w0=2*pi/T;
t=-4:0.01:4; a0=2*T1/T;
Na=271; % Na=9, 27 or 271
sum=0;
for k=1: (Na-1)/2

ak=sin (k*w0*T1) / (k*pi) ;

sum=sum+abs (ak) *. ..

cos (k*w0.*t+angle (ak)) ;

end
X approx=al0+2*sum;

- . 02 1 1 L 1 1 L 1
plot (t,x approx); grid on; 4 3 2 A 0 1 2 3 4
title (sprintf ('approximation Na=%d',6Na))

approximation Na=271
1 approximation Na=27 1.2 ‘ T T
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T=4;T1=0.5; wO0=2*pi/T;
t=-4:0.01:4;
Na=271; % Na=9, 27 or 271
x_approx=0;
for k=-(Na-1)/2: (Na-1)/2
if (k==0)
ak=2*T1/T;
else
ak=sin (k*w0*T1)/ (k*pi) ;
end
X _approx=x_approxtak*...
exp (lyJ*k*w0.*t) ;
end

plot (t, real (x approx)); grid on;
title(sprintf ('approximation
Na=%d',Na) )
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Using exponential form:

+ 00
x(t) = 2 a, e’lfwot
k=—o0
- — -
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The END
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