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Some Useful Formulas:

Ae?’ = Acos(8) + jAsin(6)
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206 Fourier Series Representation of Periodic Signals ~ Chay.
TABLE 3.1 PROPERTIES OF CONTINUOUS-TIME FOURIER SERIES
Property Section Periodic Signal Fourier Series Coefficiens
x(r)| Periodic with period T and a,
y(r) | fundamental frequency wy = 27/T b,
Linearity 3.5.1 Axtr) + Bylr) Aa,; + Bb,
Time Shifting 352 x(t— ty) are” Ml = g, e~ IO
Frequency Shifting pIMugt — GMRTITN v (p) it
Conjugation 3.5.6 x'(n a,
Time Reversal 353 a(—n {;
Time Scaling 354 x(aet), a = 0 (periodic with period T/a) a;
Periodic Convolution ] Ayl — 1 Taby
4
Multiplication 355 x()y(t) > aby
: A dx(r . e 2T
Differentiation T) jkwoa, = jk 7 G
2 i (finite valued and 1 _ 1
Mapuidion [ VO e oty il ao = D) [_ikm..)a‘ - (Jknzfrm)"'
ag =a’,;
Rela} = Refa ]
Conjugate Symmetry for 356 x() real Imlay} = —Imia-,)
Real Signals ar| = la-i
SLa, = —<La_
Real and Even Signals 35.6 x(r) real and even a, real and even
Real and Odd Signals 356 x(r) real and odd a; purely imaginary and odd

Even-Odd Decomposition
of Real Signals

x00 = &e{x()]  [(r) real]
x(1) = Od{x(O)} [x(1) real]
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Parseval’s Relation for Periodic Signals

%L @Pde = >l

k= —om




Problem 1) [15 pts]

Assume that you measured the response y1(t) of an LTI system to the signal x1(t)
indicated below.

It is now late into the night, you are far from the lab, and just realized that to
complete your project you also need to know the responses to signals x2(t), x3(t),
x4(t).

Your collaborators panic, but you have taken ECE45 and claim that without making
any additional measurements you can write these responses in terms of y(t).

Prove that this is the case by writing the response to x2(t), x3(t), x4(t) in terms of
the signal y1(t).
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Problem 2) [30 pts]
Draw the Bode plots (amplitude and phase) for the following frequency response

(jw)? + juw
H(w) = 2500
(w) (jow + 10)2(jw + 500)







Problem 3) [55 pts]

a) [10 pts] Compute the average power of the periodic signals x1(t) and x2(t)
depicted below.

b) [20 pts] Determine the Fourier series coefficients for x1(t).
Hint: Recall the integration by parts formula:

/u(m)v’(:n)d:c = u(z)v(z) — /u’(w)v(w)dm

Rather than using the formula twice, you may use superposition and write the signal
as the sum of two signals

c) [15 pts] Without performing the computation again, but using the properties of
the Fourier series on page 2 of the exam, also determine the coefficients for x2(t).

d) [10pts] Write the response to signals x1(t) and x2(t) of an LTI system defined by
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