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Exercise 1

Sketch the magnitude and phase spectra of the following signals
a. X(t) = 2e°tu(t)

b. x(t) = -2e>tu(t)

SOLUTION

a. X(t) is unbounded — its FT is not defined (remember Dirichlet
conditions in Lesson 6?)
-1 Dirichlet conditions for pointwise convergence:

1. x(t) is absolutely integrable, i.e. J'_le(t)ldt < o

2. X(t) has a finite number of extrema and discontinuities in any finite interval
3. The size of each discontinuity is finite
: _ (*® _o,-5t —jowt J4+ — [P _o,(-5—jw)t J+ —
b. We have: X(w) = [__ —2e >"u(t)e™/®'dt = [~ —2e dt =
(00
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N £X(jw) = —tan - Sketches of |[X(jw| and 2X(jw) are:
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Exercise 1 solution
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Exercise 2

Find the frequency domain representation of the following signals
a. x[n] =a™uln], |la] < 1.

b. x[n] = G) uln —4].

SOLUTION

a. By definition, the DTFT of x[n] is: X(e/®) = Y% _,, x[n]e /" =
YO pate ™I = ¥ (qe=/%)" Since |ae /| = a < 1, the (complex) power

series converges to lim 1-(ae /)™ =1
9 Nooo 1l—ae JQ = 1-qgeJQ°

. 3\* /34 o . . .
b. Since x|n] = (Z) (Z) u[n — 4], applying linearity and time shift

n
properties of the DTFT to the signal x'[n] = G) u[n] we arrive at

x(ei) = (2) ey (ein). N
(=)
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Substituting the result from part a for X'(e/?) yields X (e/%) =




Exercise 3

Find the frequency domain representation of the following signals,
given that y(t) = e~ *u(t) Bkl Y(jw) = !

jo+a’
a. x(t) = e-altl
b. x(t) = sin(2mt) e~ tu(t)
SOLUTION
a. We have x(t) = y(—t) + y(t). Applying linearity and time scaling properties

of the FT to x(t) yields X(jw) = Y(—jw) + Y(jw) = a_l_ L1 __2a

jo  atjo  a?+w?’
b. We have:

1, s _ 1 gy 1 iomp
x(t) = Z—j(eﬂ”t — e 2 ) ety (t) = z—jefZ”te fu(t) — z—jefz’”e tu(t).

Applying linearity and frequency shift properties of the FT to x(t) yields

N R 1. _ 1 1 _ 1
X(jw) = 2j V(j(w—2m) + 2j Y(j(w+2m) = 2j |1+j(w-2n) 1+j(w+2m)|




Exercise 4

a. Find the inverse FT of X(jw) = (11;,‘;)2,
b. Find the FT of x(t) = (ijt)z
SOLUTION
a. Since e~ tu(t) bt Jw% applying the differentiation in frequency domain
results in te tu(t) kR GorD? Applying differentiation in time domain yields
x(t) = % [te % u(t)] = (1 — t)e tu(t).
b. Since te 2tu(t) kR ot applying duality property of the FT yields
O If f(D)emF(jw) then F(jt) em27f (—w).
» _Proof: HW

X(jw) = 2n(—w)e 20Dy (—w) = —2nwe?“u(—w).



Exercise 5

nd(w)
jw+2°

Find the inverse FT of the sighal X(jw) =
SOLUTION

FT FT
> Since 1 «— 2n8(w), e *tu(t) «— ]wﬁ applying linearity and convolution

properties of the FT yields
1

x(t) = % x e 2ty(t) = ffooole_“u(r)dr = %fooo e ?Tu(r)dr ==

2 4
» System interpretation:
Time domain: x(t) System Time domain: y(t)
Frequency domain X(jw) ] H[] Frequencyaomain Y(jw)
s
/2
n[ . 0[ .




Exercise 6

A system is described by input-output relationship y(t) = x(t + 1) + 2x(t) +
x(t —2). Find:

a. The impulse response of the system
b. The frequency response of the system

SOLUTION
o(t) System h(t) = H[o(1)]
—_— HL] p—p IT
et y(t) = H(jw)e/**

a. Letx(t) =4(t), the impulse response is
h(t) =6(t+1)+256()+6(t—1).

b. Letx(t) = e/®t, the output is y(t) = e/@UFD 4 20J0t 4 gja(t=2) —

(/% + 2 + e7/2@)eJ®t — the frequency response is y(t) = H(jw)e/®t =

el® +2 + /29,
Alternatively: H(jw) = F[h(®)] = [__h(®)e /@tdt = [°_ [8(t + 1) + 25(t) +
5(t — D]eotdt = [~ eOED§(t + Dde + [, e T905(t)dt + [ e T925(t —
2)dt = e/® + 2 + e 2@,




Exercise 7

A signal’s spectrum is presented in the below figure. Evaluate the following
guantities without computing x(t)

a. x(0)

b. [ x(®)dt

c. [O |x(t)|?dt
d. [° x(t)el3tdt
SOLUTION

a. We have x(t) = if_ooooX(ia))ej‘“tdw = x(0) = iffoooX(ja))da) =
b. We have X(jw) = ffooox(t)e‘f“’tdt = ffooox(t)dt = X({0) =1.

X(w)

4
=

c. According to Parseval's theorem f_°°oo|x(t)|2dt _ if_oooom(fwﬂzdw _
ilf—S ((1) + S)Zda) + f_3 (—w + 1)2da) + f_l(w + 1)2da) + f13(_a) n 3)2da)]

16
3

d. We have [__x(t)ef3dt = X(j(—3)) = 2.



