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EE351.3 Mid-term test, Signals and Systems

7 Questions. Duration 90 minutes.
You may use a formula sheet.
Attempt all the questions. Justify your answers.

[4 marks] 1) Take the discrete-time signal z(n) = sin(nm/2)(u(n) — u(n — 4)), where u(n)
is the unit step function. Sketch z(n).

X(n)= 0 for n< O )

%(0) = sin (O)Lu(o)--u(—'-{)] = 0 x(:)

x(1)= sm(E) L) -u(=3)] = I \

X (1) « s (M) Lu@ ~ul-2)] = O L (

K(3) = sn (FmTa® ~4CDT = - |
x (4) = s (2n) La(H) -w(0)] = 0O 'I
x(n)=* O for n > Y4 f-

-1

[2 marks] 2) For what values of w is the signal z(n) = e/“" periodic?
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[5 marks] 3)Take a system with an impulse response h(n) = &(n) — d(n — 1). Find the
response of the system to the input z(n) = é(n) — d(n — 1) + d(n — 2).

Both htn), x(n) =0 fr n <0

h(o) = §(0) - §¢-1) = |
W(1) < $(1) - §(o) = - .
h(n) = 0 for n> | k= [1 -1 0 0 0]

% (0)* $0) - §C1 )+ d(-2) = |
% (1) = (1) -§c0) + §(~1) = -1
x(2) = §(2) - §(1) +§(0) = |
x(h) = Q For n>2 x(n)=[l' = B DJ

j(n) = x(n) ¥ h(n)
yony = L1 -2 2 o]
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[9 marks] 4) A discrete-time system has the relationship

y(n) = 0.5z(n) + 0.5z(n — 1)

between its input z(r) and its output y(n).
a) Determine y(n) if the input is the §(n). Sketch the output.

x(n) = 5(n) ",'J(“) 20 Fae N
Yy(n) = 0.56(n) + 0.5 5(n~1) L/“F"),\ o.? rf.s

bt

\j(n):ﬁiar n<o .
9(0) 2 056C0) +255(=/) = 0.5 ) AR
(1) =925 5518 »0.556(0) =90.5
b‘3 Is this system LTI?
lngar & tlES! bhe cavs lj(h+a) 2 0.5 x(n+¢.)+a.€xfh+d‘f)
e does not dqpuu’ on  contwns twa T

Tt Tovanat? lif:_é_:l bamese Hhe fonchon yln)

¢) Is this system stable? Is it memoryless?
s ’ Fhis  Value ydac.s not Mamory (ass ? fNo beeaise  Yln)= 0.5xn) +2.5%(n )
Q}/ (W) calls an a prediods vale of 0 e SP

§f¢ G? 2 e 0
i x| on i te T L
\ﬁg \ “:E‘_&['j‘ }( J Sz‘y\w s Ho bedbbla.
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Determine y(n) when z(n) is a unit step function u(n)? o
)

w(n) = wln) ﬂ(;):o.Su(|3+o.ﬁu(oJ= I

Lj(n) 20 5um) +0.5uln-/) LI(V,): ) Bar e | | a8 { LL
(=0 fe n< O n
Yo = 05 w(@) +o5u(=12=05

¢) What is the output if the input is m(n) = d(n) +&(n — 1) + 2u(n — 2). Sketch y(n)

§o) = 05 6+ §(a=1) » Wr-1)] « 0.5[§(=0) + Sln-1-1) + (-2 ]

(n) = 0.5 )+ 0.S5Nn~])+ w(n=2) + 0.58Gn=1) + 0.5 8(n-2) + w(r=3)

3@) = 0.56(n) + §(n=1)+ 0.56(n=2) + a(n-2} v u(n-3)
LJU’I_) =72 v n >

= 4
E:)) o?sg‘z:)t s(?;)ms §(-2) + ul-2) + u3)=0.5 .
ju)-. 055(1) » $(o) + 05 EC-1) +a(-) v ul=2) = | 4(0) s
§(2)= 0:54(e) s 601) + 0 §(0) + wCo)*> ul-1) =15 . I [ [
- 0.5 5(3)+ 4(2) +0:58(1) + ull) + u(@) =2 T e
I I S

(3
f? at is the output of the system if z(n) = (—=1)"7
my= 0.5 (=) +0.5(-n"" v '
: J' o No paklec what value n 15, Ha a5 wll be 20

‘j('l): 0.5 (-—l)'1 + O,S(..,)’i =) - vale
(') = 03 =1+ oSN =P I y =
3(0) L0sp #0560 2 ° Li(“h) Ow for all 1
ytry = 2.5¢-1)" +05¢6¢N° ¢ .
(2) = 050 +Q.5(-) T °
g% What does this system;do?
yn) fads e oadlve  valve

c;.w\_



Jort §i0rmasnes &
loS4920es

[4 marks] 5) Take the signal z(t) = 1 + 3sin(37t) + 6sin(12xt). Find the period and the
exponential Fourier series coefficients of the signal.
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[2 marks] 6) (a) When are the even harmonics of a signal zero?

Tha odwn  pavmeownics ove  Zeio

Hle wettagnts of flet
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(b) When are all exponential Fourier series coefficients of a signal real?
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[4 marks] 7) Take the signal with a period 5 as given below
z(t) = (u(t+1) —u(t —2)) for —2<t<3.

If y(¢) = cos(2wt)z(t). Sketch z(t) and y(t). Find the exponential Fourier series coefficient

of y(t).
\ x(t)
w(-1) = u(o)~u(=3)=1 1\
x(0) = w(() -u(2)=1
x (1) = ulz) =uf-) = | ! _ 5
x(1) = w(3) -u(o) =0 S g o b 3
¢
4¢)

®Rq

‘j("U‘ ws (-2r) (1) = [ I
\j(o) - os(9)) = | f‘
. oszm)) = | - >t
-1 2 i 2 3 \

ws (4x)(0) = © ‘ O%

{ ! [
RS ECLIE)

B, = OT_ .
: %‘f%{)ws(?nkt)dt 2 %J st )Jws (Trkt) dt

Q

s
%J’ (st ) sin (2TEE) 4T

Q

2 T
- = J’a J6) sm (Trke)dt =

:'.O L"’O

Yo ook we  Solved via HP ‘50j

wlevlator.



