Milwaukee School of Engineering

Electrical Engineering and Computer Science Department

EE-3032 - Final Exam - Dr. Durant

November, 2017

May use 8%” x 11” note sheet. No calculator.

Good luck!
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Table 5.1

Basic Properties of Fourier Transform

Time Domain |Frequency Domain
Signals and constants x(t),y(t), z(t), a, B X(82). Y (82). 2(32)
Linearity () + fyl) | 9K FBYED
Expansion/contraction in |x(at),a =0 ﬁx 2)
time
Reflection x(-t) X(=59
Parseval's energy relation |E, = [ |x()['dr | E, = = [ 1X(Q)12dQ
Duality X(t) 2n3(-R)
Time differentiation i'j;,‘l n > 1. integer| UR) X()
Frequency differentiation | -jtx(t) ]
Integration [ x(t)dr x;_vm + 7X(0)5()
Time shifting x(t-a) e x(Q)
Frequency shifting ¢ x(0) X(S2 - 529)
Modulation (1) cos(S2, 1) 03X = Q) F X(Q + Q)]
Periodic signals W) = 3 Xl X = T 2nX, (2~ k)
Symmetry x(t) real XN = X(=52)]
ZX(Q) = —ZLX(-9)
Convolutionin time z(t) = [x* yl(t) ZQ2) =X ()Y ()
Windowing/Multiplication| x(£)y(t) = X % Y1(Q)
Cosine transform x(t) even X(Q) = [25, x(r) cos()dt. real
Sine transform x(t) odd X(Q) = —j [Z, x(1) sin(Q1)dt, imaginary
Table 5.2

Fourier Transform Pairs

Function of Time Function of
(1) |6t 1
() |6t-7) e
(3) |u(t) L+ 78(Q)
Ji9]

@) |u(-t) T+ s(R)
(5) |sign(t) = 2[u(t) - 0.5] F
(6) |A, ~w<t<ew 2T A8 ()
(7) |Aeu(t),a>0 j—fy"g

-at A
(8) Ate U(t), a>0 m
9) e a>0 ~r——7;’+“n_
(10)| €0s(€pN. —5C <T < 00 i8(S2 — $2,) + 3(S2 + 2]
(11) sin(S2pf). —00 < f < o0 —fa[3(82 — 2¢) — 8(S2 + $H)1
(12)|p(t) = Alu(t + 7) - u(t - 7)), T > 0| 247 22
(13) ﬁ(i:()r) P(Q) = II(Q + Q()) - “(Q - S-T()

b g

(14)| x(1) cos(<2y1) 0.5[X(2 — Q) + X(Q2 + )]
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1. (4 points) Sketch the imaginary part of x(t) = Sel™*2Mt y(t). Q)/CUS

(f%m}

2. (4 points) Explain whether s(t) = sin(3ntt) + cos(7nt) is periodic. If it is, calculate its fundamental

period. @ (/CM[,Q, Jﬂ))
3. (4 points) Explain whether y(t) = cos(t) + sin(mt) is periodic. If it is, calculate its fundamental period.

4. (5 points) Calculate Y(Q), the Fouriertransform of y(t), or explain why it cannot bg done.
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5. (7 points) Find a > 2 such that z(t) = r(t) + r(t-1) — 3r(t-2) + r(t-a) has finite energy. Sketch the
resulting z(t).@ /‘,,&,4 5. W/ M’WW' efC.r

6. (6 points) Let w(t) = 4 sin (Qit). Fold the signal, double its frequency, and then delay the result by 1
second. @ pNCO{OﬂC@“ +-/ P,VS‘f‘

o)
I 7. (6 points) Let v(t) = e®u(- t) §>0. Decompose v(t) into even and odd signals such that v(t) = ve(t) +

Vo(t). @é’g[ér&/d@ﬁ’f werk LA 1t éal)

‘ 8. (5 points) Calculate the energy or power as approprlate of q(t) = (2+3))e™?(ue=10)-uft)).
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9. (6 points) Let x(t) be an unknown system input and y(t) be the corresponding system output.
Specifically, let y(t) = e?!'Ix(t), a>0. Prove or convincingly explain whether this system has each of

the following properties: |
a. Linear y e, N0 cl0s5 offck fo- X ("U :)‘,(3{') f%./t)
' /

—a/ J(', ]
b. Time-invariant 00, jd"’) O"r c szsos "‘/ LS

v 'alfH“[
c. BIBO stable ’/QS‘ Mﬂ(ﬁqlh 490 @ =

10. (6 points) Now, consider the system y(t) = x(t)x(t-1). Prove or convincingly explain whether this
system has each of the following properties:

a. Linear po , Fal‘lj' Scczl/’,{j, 2% /'/I/x#” ?Y O(ﬁPTJd

b. Time-invariant VQSI (l{d// mﬂ"/ﬂ@ﬂﬁ 5/0/4/“4 71%0%,)
c. BIBO stable yef, Méaond’ "A/Wf yb/% Mﬂ' Mﬁfjwffffl

11. (4 points) Which of the following properties are necessary for a system to have an impulse
response?

>< Causal
Linear

BIBO stable

@ Time-invariant
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12. (15 points) Let a system have impulse response h(t) = eu(t). Let the system input be x(t) = u(t) — u(t-
3). Find the system output y(t) using convolution. Hint: there are 2 non-trivial pieces. Sketch your
result.
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13. (12 points) A periodic signal has the Fourier Series {2/5, 0, -2/3,0, 2,0, 2,0, -2/3, 0, 2/5}. Qo = 2.

a. Whatisthe DC offset of the signal? )(0-'- O

b. Isthe signal even, odd, or neither? GVQ‘\ . Xké&”’( “ ﬁ%ﬁ/ Aﬂn 7 1

c. What is the power of the signal? ? = sed bQ{ow
225 7/

d. Whatisthe Fourier transform of this periodic signal?

e. Sketch the power spectrum of the signal.

f. What is the time-domain signal itself?
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14. (4 points) Sketch the magnitude response from -10 to 10 Hz of a bandpass filter that passes signals

between 2 and 4 Hz, but blocks signals outside of this range. @ e f\ﬁq. ¢

15. (6 points) Use lines 13 and 14 from Table 5.2 to determine the impulse response h(t) of this system,
assuming that the phase shift is 0.

16. (6 points) Let a system have impulse response h(t) = 20e*u(t). Let the system input be the steady
state signal x(t) = sin(3t). What is the steady state output?
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