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o Fourier Series Representation (in CT):-
Similar to what we have done in convolution, we are going to represent signals as a set of harmonically
related sinusoids (Harmonically related means multiple of; i.e. if the fundamental frequency is ®, then
the 3 Harmonic is 3w.). Since these sinusoids are periodic, it's logical to assume that we could only use
them to represent periodic signals.

From Euler formula, we know that we could write sinusoids as a complex exponential. The

response of the system to a complex exponential is (et = - H(s) &), where H(s) at a certain s
is the eigenvalue associated with the eigenfunction e®.

Therefore, for an LTI system we could represent the periodic signal as x(t) = X5 _, ax e/kwot |
The FS coefficients are defined as ak:Ti Jp x(® e~ Jk@ot gt | Hence ao=Tl Jp x(@®) dt|wo)

Representing the signal as a complex exponential gives us several mathematical advantages; which are
shown in the following table [Please review the proofs from the textbook or from Dr A. I. Sulyman notes].

- For FS to converge, x(t) must have:-

i)Finite number of Maxima&Minima in one period ii)Finite number of discontinuities in one period iii)Absolutely Integrable

o Important mathematical eq:- ABLE 3.1: 25 OF - F ‘R SERIES
Property Section  Perlodic Signal Fourier Scries Coefficients
Euler's eg:- +(r)] Periodic with period T and o
‘e/X = cos(x) +Jj sin(x) _~ y(r) | fundamental frequency wq = 2m/T by
‘COS(X) =R€{6’IX} =[e/X + e —/.X]/Z -‘ Linearity 351 ,dl;(r]+BJJ(;} ﬂﬂ;-_j; Bb, < jigieini
. _ . _ ) 3 A Ti Shifti 352 X(T —[a] - ape Yot = gpe
‘SIH(X) —_ [mg{e/X} - [e]X -€ _]X]/Zj '\ F;;inncyl;iﬁing oMt x(t)= eM2ETH (1) it
Conjugation : 3.5.6 x (f)j Bt
kT — = Time Reversal 353 x(=t a-y
ek = cos(km) = (-1)4 Time Sealing 254 sa), @ > 0 (periodic with perisd Tha) @
Periodic Convalution L x()ylt — Tdr Taby
cos(x)=cos(x) || sin(-x) =-sin(x)  spupienin 55 A0 $ b
l= ~m
_ . . . dal . L
COS(X+}/) - COS(X) COSO/) + SIU(X) SIH(Y) Differentiation % fhonay = J'E‘T"*
sin(x+y) = sin(x) cos(y) + sin(y) cos(x) _ oy gy lfnte valued and ( 1 ]a _ ( 1 )a
Integration L x{t) periodic orly if 2, = 0) ) Tk T |
. _ E ' a =a.,
sin(2x) = 2 sin(x) cos(x) | el = Refo.d)
COS(ZX): COSZ(X) - SIHZ(X) = ZCOSZ(X)'_Z Conjugate Symmetry for 3.5.6 x() real Imiay} = -Efm.l{a.;}
. Real Signals lae] = =i
4 2 — ED
cos?(x) + sin?(x) = 1 | o =
Teal and Even Signals 3.5.6 x(¢) real and even ay real and even
Real and Odd Signals 15.6 #(1) real and odd ay, purely imaginary and odd
Even-Odd Decomposition x 00 = Go{x(n)}  [xlt) real] Refa;}
of Real Signals ey = Qd{x(n}  [x(s) real] j9mia}

Parseval's Relation for Periodic Signals
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Q1) Compute the FS representation for the signals shown, and determine the DC part and the 1% harmonic
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Q2) (i) Compute the complex Fourier series (FS) representation for the periodic signal x(t) shown.
(ii) Determine the DC part and the first harmonics of the signal x(t) . w ()

(iii) Write an expression for the FS coefficients of the signal x(t — To/4) .
(iv) Write an expression for the FS coefficients of the signal dx(t)/dt p

Q3) Determine and sketch the FS coeffecients for x(t) = sin( 2xt + n/4)
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