ECE351: Signals and Systems I - Fall 2018 - Dr. Thinh Nguyen
Final Examination

Name:
Student 1D:

Instruction: Please write your work clearly. Credits will not be given to the correct answers without
proper derivations. You are allowed a 2-sided 8.5x11"” sheet of notes. No calculator is allowed. Your
answers should not contain the symbols for integration or sum. You have 110 minutes to do the
exam.

1. A system is characterized by the following input-output relationship:

A8 1
o) = [ (- ialr)dr
2
(a} Show that the system is an LTI system (10 pts)
(b} Determine the impulse response k(t) of the system. (4 pts)
{c) Is h(t) BIBO stable? Causal? Justify your answers. (6 pts)
2. Let z[n] = uln — 1] and h[n] = 2™(u[n] — u[n — 6]).

(a) Sketch R[k], z[k], z[n — k] and carefully label the values on the axes. (6 pts)
(b} Determine y[n] = z[n] * h[n] by performing graphical convolution. No need to sketch y[r]. (14 pts)

3. Using cither the definition or inspection method,

(a) Compute X[k] for z[n] = cos®(Z2) + e (15 pts)
(b) Compute X (jw) for z(t) = S22 271Hg(t ~ §) (15 pts)

4. Let -
a(t) = (d(C(-JS(Z:)e )

use the properties of FT and the well-known FT pairs to find X (jw) (15 pts).

) e Fult —2) €0 X(jw), (1)

5. You are interested in studying a unique periodic extraterresial (ET) signal. This ET signal has all its energy
in the two following frequency ranges: 100MHgz - 110MHz and 900MHz - 930MHz. However, the signal you
observe, is the sum of the ET signal and other signals such as TV and radio transmissions. To obtain a clean
ET signal, you want to design an LTT system to filter out the unwanted signals.

{a) Sketch an ideal frequency response H(jw) of an LTT system that allows signals whose energies are in the
frequency ranges 100MHz-110MHz and 900MHz-930MHz to pass through unchanged while other signals
are zeroed out. (5 pis)

(b} Your friend show you a neat way to implement a subsystem with the impulse response:

Wi e , 1, w< (W]
sw(t) = sinc(—) ¢ Swljw) =
w(t) ( T ) w(jew) {0, otherwise,
for any value of W, Can you write the frequency response H(jw) in part (a) as a linear combination of
shifted versions of Sw (jw) with different values of W7 (5 pts)

{¢) Determine the impulse response h(t) of the system in part (a) in terms of sy (t). You can perform any
mathematical operations on sy(¢} ( such as multiplying or adding sw(¢) with any function) to obtain

h(t). (5 pts)




Tables of Fourier Representations
and Properties

C.1 Basic Discrete-
Time Fourier Series Pairs

Tinte Domain

Frequency Domain

x{n] = EX[k]e”‘”ﬂo

Period = N

N

X[k] = —1% i{: x[n]e ot

Zar
ﬂo—ﬁ

Y o] = M
*{n] 0, M<|nj=Nsp2
x[{n] = x[n + N]

x[n] = eip(l,,n

sin(k%(ZM + 1))
X[k] =

N sin(k%)

X[k] = {I’ k=p,p+Np£2N,..

0, otherwise

#[n] = cos(pfl,)

X[k] = {%, k=1p,xp £ N4p £ 2N,...

0, otherwise

#[n] = sin(pQon)

1

% k=p,p+ Np=+2N,...
X[k] = _2'_);1’ k= -p,—p £t N,—p+2N,...

0, otherwise

1, k=0,%N,£2N,...
X[k]={

0, otherwise

X[k = &
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l C.2 Basic Fourier Series Pairs

APPENDIX C m TABLES OF FourirR REPRESENTATIONS AND PROPERTIES

Time Domain

Frequency Domain

x(1) = j‘, X[k]e*"

T
X[k = 1 f x(e)e et dy
/]

2n
Period =T w0, =
_J, =T sin(ke,T,)
#(e) = {0, T,<|]s 12 Xkl =—0
x(t) = el . X[k] =8k — p]

x(8) = cos(puw,t)

© X[k] = 18[k ~ p] + 368[k + p]

x(¢) = sin(pw,t)

XM]=%ﬂk—p}~%ﬂk+M

x(t) = Ty oob(t — pT) X[k] = %
C.3 Basic Discrete-Time
Fourier Transform Pairs
Time Domain Frequency Domain

(] =% j: X(e™)e™ 4O

ac

X(e™) = Y x[n]eT™

n=—3G

#[n] = 1, o =M
0, otherwise

sm[n(zM; 1)]
(3

X(e%) =

1

(] = uln], | <1 X =
x[n] = §[n] X(e™ =1
x[n] = uln) X(e™) = T ,_je—jn + i 5( — 2ap)
pz—m
x[n] = f;sin( Wn), O0<Ws=gng X(e®) = {;’ QI:II‘:; < X(&™) is 2 perindic

x(n] = (n + Da"uln]




C.5 Fourier Transform Pairs for Periodic Signals

I C.4 Basic Fourier Transform Pairs

Time Domain

Frequency Domain

#{t) = 5 f@ X(jw)e do

X{jw) = /:x(t)e‘“dt

2 sin{wT,
oo Bz | -
x(f) = %sin(Wt) X(jw) = {;’ t‘:l:mze
(1) = 8(2) X(jo) = 1
x(t) =1 X(jw) = 2mwd{w)
() = u(2) X(jw) = ’iw + 78(w)
%(8) = e*u(t), Rela} >0 X(jo) = = :fm
at R 1
x(t) = te“uft), Refa} >0 X(jew) = @t oy
i) =M a>0 X(jo) = oy
x(t) = e X(jw) = ™7
C.5 Fourier Transform
Pairs for Periodic Signals
Pericdic Time-Domain Signal Fourier Transform

x(t) = kim]ﬁv

X{jw} = 27 i X[k18(w — kw,)
k=00

x() = cos{w,t)

X(jw) = md(w — w,) + 7w + w,)

x(t) = sin{w,?)

X(jw) = %B(n.r - ;) — -T_—B(w + @)

x(t) = ¢

X(jo) = 2m8{w — m,)

x(t) = aeob(t — #T)

X(jo) = = 2 B(w - kz%r)

T i

() = {1, =T

0, T,<|{<T2
x(t + T) = x(8)

X(jw) = gm 2 sm(kw,T) - ka)

]
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C.6 Discrete-Time Fourier
Transform Pairs for Periodic Signals

Periodic Time-Domain Signal Discrete-Time Fourier Transform
x[n] = Ex[k]e"‘““ X(e?) = Zw*ix[k]ﬁ(ﬂ - &Q,)
x[n] = cos(£2yn) X(e™ = «Ei 80 = 0, — k2m) + 5(Q + @, ~ k2)
x[n] = sin(£,n) X(e) = ii 80 — Q, — k2wr) — 8(Q + O, — k2m)
x[n] = gt X(eM) = zwii 5(Q — Q, ~ k2n)
*[n] = é‘,ma(n — kN) X(e) = %’kia(n - %’i)




I C.7 Properties of Fourier Representations

C.7 Properties of Fowrler Representations

777

Foutier Transform

x(8) <> X(ju)

Fosirier Sevies
x(t) (__Fs.-_'.'l___. Xik:

y(r) — % y1k)

Property 1) 25— Y(ia) Petiod = T

Linearity ax(£) + by(t) ———+ aX(jor) + bY(jw) ax(t) + by(r) <% oX[k] + bY[]
“Fime shift x(t = 1,) — s g aX(je) x{t — 1) iy gike s X[ k)
Erequency shift () «—— X(j(w ~ ¥)) ooty (s) iy Xk — k]
Scaling x{af) —=— " x( ) x{at) —5%0 x4

Difterentiation in
time

£ x(0) T juX(jo)

*;j; (1) 5% o, Xi k]

Differentiation in

~jtx(t) —— L x(jo)

frequency —
Int ion/ d
Sl:“flg[;a;:i?m [ xx(-r) dr B2 SNt (I ) + 7X(j0)8(w) —

= FT T FS,
Convolution f x(r)y(t = v} dr —— X{jw)¥(jw) f x(r)y(t — 1) dr <" TX[k]Y[k]
Multiplication X(Op(t) ——s 317; f " X () Y(i(e - v)) dv x(Oy(e) s 2_‘, X{l)Ylk - )
Parseval’ * 1t r~
Theorem [ words = [ IxGokdo L [coear = 3 pxusge

DTFT ,
. . FT x{n] > X(e)

Duality X(jt} > 2mx(—w) X(e9) Bl k]

(t) real 2 X*(js) = X(—jw) #(t) real ——25%esy x{k] = X[~k]
Symmerry x(t} imaginary P LIN X*(jw) = —X(—jw) x(¢) imaginary L, X*[k] = —X[~k]

x(#) real and even L SN Im{X{jw)} =0

x(#) realand odd T, Re{X{jw)} =0

x(t) real and even L, Im{X[k]} =0

x#(¢) real and odd 22— Re{X[£]} = 0

(continues on next page)
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Discrete-Time FS
DTES; {}

Discrete-Time FT x{n] e X[k]
x{n] L, (o) o] <28, vy
Property y[n] L, y(ei0) Period =N -
Linearity ax[n] + byln] "0 aX(e®) + bY(e®) | ax(n] + byin] —2TEEs x1k] + BYTA]
Time shift x[n — n,) ~20T_, e X () x[n — n,) ~2IEn, PRRS (1Y
Frequency shift exfn] 20T, X(£8-Th ey 1) ~LIF0, Xk ~ ko]
Scalin x[n] =0, n=#0,+p +2p £3p,... x[nl=0, n=#0p,22p +3p,...
g ,
x[pn] s X(7) x[pn] <2 oy k]
Differentiation
in time - -
——— _ I
piemier |t 2 L -
d  prEr | X(e™)
Integration/ im—mx[k} 1-¢7 _
Summation o
+ aX(e) S 5(0 - k2w)
e m—0
< DTFT : Al DTFS; 0
Convolution IE x[f]y(n - 1] X(e™)Y(e™) x{lly[n — 1] «———"— NX[k]Y[k]
=0 =0
Multiplication | x[n]y[n] —2rrts % /_: X(eF)¥(£®7) gr A[nly[n] 2T _, :gxumk .y
Parseval’s L 1 7 ] 1 N1 N=1
Theorem 3 leinll = 5 [ 1xean N 2 Pl = 3 bkt
DTFT p
Duality A Xe) X{n] T ()
- X(e") " 2{~k]
x{n]real 200, xa(ei?) = X(e) xfn] real 2Ry xulp) = X[—k]
Symmetry *{n] imaginary «—=""— X*(¢") = ~X(™) | x[n] imaginary —2Th s xu(f] = X[ ]
x[n] real and even <" Im{X(eM)} = 0 | x[n] real and cven 2T, 1 i¥1aT} = 0
x{n] realand odd «—"""— Re{X(¢™)} = 0 | x[n] realandodd <258 5 perxtal} = 0
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C.8 Relating the Four
Fourier Representations

Let

S w,=2w/T

g(t) < > G[ k]
DTFT

v[n] ——— V(")

DTFS;0,=2m/N Wik)

- wn)
m C.8.1 FTI REPRESENTATION FOR A CONTINUOUS-TIME PERIODIC SIGNAL
FI‘ o
g(t) «—— G(jw) = 27 2, Gik]d(w — kw,)
m—00

s C.8.2 DTFT REPRESENTATION FOR A DISCRETE-TIME PERIODIC-SIGNAL

win] —22F s W(e?) = 2«5} WIEIS(Q — £02,)

= =00

m C.8.3 FT REPRESENTATION FOR A DISCRETE-TIME NONPERIODIC SIGNAL

00

u(t) = S vfnd(t — nT) s Vy(jw) = V(&)

fre= 00

Q=aT,

m C.8.4 FT REPRESENTATION FOR A DISCRETE-TIME NONPERIODIC SIGNAL

00

< k
wlt) = 3, wlalpte = o) T Wio) = 3 W[k]ﬁ(w - ;3)

ne—00 $ k=—00

l C.9 Sampling and Aliasing Relationships

Let
#(t) 1 X(jw)

v[n] ALl V(e™)

& C.9.1 IMPULSE SAMPLING FOR CONTINUOUS-TIME SIGNALS

o0

%o(t) = 3 #(HT)B(t = nT) > Xi(jw) = %kix (i ("’ - ))

s —00

Sampling interval T;, X;(jw) is 2/ T; periodic.
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m C.9.2 SAMPLING A DISCRETE-TIME SIGNAL

yin] = vign] —2TF, y(oin) = {E V(eia-mamya)
m=0

Y(&™) is 21 periodic.
® C.9.3 SAMpPLING THE DTFT IN FREQUENCY

DTFS; 0,=2mw/N

win] = Y, v[n + mN) «

o0
m=—00

1
> e i 'E(LJ
W[k] N V(efklo)
win] is N periodic.

u C.9.4 SAMPLING THE FT IN FREQUENCY

=)

)= 3 x(t + mT) «

m=—00

F8;e0,=2m/T

> Glk] = X (jko,)

g(t) is T periodic.






