QUESTIONS

Q1) Show that

1, n=0

L/eiﬂndﬂ —
27
U 0, ne2Z\{0}

Q2) Prove that inverse Fourier transform is given by

Tt
/ X (697) &9Md0
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Q3) Findz-transform of causal signal*u (n) and anti-causal signaéli*u (—m — 1) .

Energy signal @ ) x*(n)<oo

N
. _ : 1 )
Power signal : NﬂoTZN I n;Nx (M) < oo
Causalsignal : x(n)=0, for<0O0.
Periodicsignal : x(n+N)=x(n)

Q4) LetH (z) be a transfer function of a casual LTI system. Compute ingrdsponsé (n)
for

a)H (z) = by + bz’
by + b]Z_1

b)H (z) = = (Findh(n), forn =0,1,2)

Q5) LetH (z) be a transfer function of a casual LTI system and is given dberfollowing.
Compute impulse responggn) for n = 0 andn = oo using initial and final value theorems.
a)H (z) = by + bz’

bo+b1271
b)H (z) = :
JH(z) Qo+ ajz ' + apz?




Initial value theorem : h(0) = lim H(z)

Z—00

Final value theorem : limh (n) =lim(z—1)H(z)

n—oo z—1

Q6) Compute the following line integrals for the closed camiz| = r

§I§Z_1dz=?

ygz“dz =7? n# —1
Q7) Prove that

] X(z)z" 'dz = x (n)

21
Hint:

X(z) = - +xK)z*+-+xm)z ™+
X(Z)Zn_] = “"FX(k)Zn_k_]—|—---—|—X(n)z_1_|_...

Q8) Show that for a periodic signal(n) with period of N

K-+N—T N—1
Z x(n) = Zx (n)
n=k n=0

(The value of the signal in the rang®& ... k+ N — 1} for k > 0 is equivalent to the value
of the signal in the rangg0 ... k — 1} or the value of the signal in the rangl ... — 1} for
k < 0is equivalentto the value of the signal inthe rafige+ N ... N — 1} since itis periodic

with a period ofN).




Q9) Show that for a continuous periodic signdl) with period of T

to+T/2 T/2

/x(t)dt:/x(t)dt

to—T/2 —T1/2

(The value of the signal in the rang&,/2, t, + To/2] for t, > 0 is equivalent to the value of
the signal inthe range-Ty/2, t, — Ty/2] or the value of the signal in the rangg — To/2, —To/21]
for to < 0 is equivalent to the value of the signal in the range+ T,/2, Ty/2] since it is pe-

riodic with a period ofTy).

Q10) Prove the time-shifting property of z-transform.
Zix(n—=X)] =z X(z2)

Q11) Prove the convolution property of z-transform.

Q12) Show that (—z) andH (—z ") are quadrature mirror 6l (z). (The filter responses are

symmetric abouf) = 2771 = %).
(Consider a bounded (limited in terms of the independenialiée) functiony (t) in a range
[0, T]. g(t) =y (T —1t)is amirror ofy (t) at aboufl/2. In our case the range i9, 7] and

hencel = ).

Q13) Two filtersH (z) andG (z) are power complementary if they satisfy
Hiz)H(z ) +G(z)G(z") =1

Consider that (z) = H (—z ') is quadrature mirror oH (z). Show that this relation is hold




if impulse response dfi (z) meets the conditiorp (2n) = %6 (n) with

Q14) Transfer function of a low pass filter is given as
H(z) =by+biz' + bz 2 +b3z®

Consequently, frequency response of the filter

H (e/?) = by + bre 7 + bre 9 + bze 3¢

Find the filter coefficients for

H(1) =1 HG)H (=) =1/2
H(-1)=0 H((1)=0

whereH’ (z) = %H (2).

Q15) Consider that impulse response of LTl-causal systén{is) = a™u (n), with |a| < 1.

The output for an arbitrary inpat(n) is given by the convolution sum
ym)=xn)*xh(n) = Zakx(n—k)

k=0
Show that this system can be described by the following tiffee equation.
ym)—aymn—1)=x(n

Q16) Consider that the following two first order LTI-causgst®ms are cascaded (connected




in series)

Si: wn)—aw(n—1) = x(n) x (n) is the inputw (n) is the output

Si: ym)—byn—-1 = w(n) w (n) is the inputy (n) is the output

Note thatb # a. Show that this cascaded system is equivalent to the faligwecond order

LTl-causal system

ymn)—(a+b)yn—1)+aby(n—2) =x(n)

Q17) Consider that the following two first order LTI-causgétems are connected in parallel

Si: yym)—ayyin—1) = x(n) x (n) is the inputy; (n) is the output
Si: Yir (TL) — byH (Tl, —-1) = x (TL) X (TL) is the input,yn (Tl,) is the output
y(n) = yr(n)+yun ()

Note thatb # a. Show that this parallel system is equivalent to the follayvéecond order

LTl-causal system (HintS = S;+ Sy —bD~'S; —aD~'S;; with D' is a unit delay operator.).

ym)—(a+bjyn—T)+abyn—-2)=2xn)—(a+b)x(n—1)

Q18) Find the characteristic equation and the system fomaif the following second order
LTl-causal system. Prove (or show) that the system is si&bihe roots of the characteristic
equation (equivalently the poles of the system functioe)aside the unit circle of the complex
plane (Hint: Look Q16. Check impulse responses of the fidtiosystems that build the second

order system. When are the stabilities of these first ord&esys guaranteed ?).

ym)—(a+b)ymn—1)+aby(n—2) =x(n)




Q19) Discrete Fourier transform (DFT) pair of a finite lengipnal is as in the following

N-1 N—1
Xy, = x (n) e 1N — x (n) cos(j2mkn/N) — ]Zx ) sin(j2mtkn/N) DFT
n=0 n=0
N—-1 N—-1
x(n) = NZxkeiz”k“/N — Xicos(j2rkn/N)  + j ) Xsin(j2rkn/N) IDFT
k=0 k=0 _

a) Show that sinc&Xy = Xy_x, the frequencie®, 2nt/N,...,m — 2t/N if N is even, or

0,2nt/N,...,m(N —1) /N if N is odd, are independent.
1 : . .
b) SetY, = ﬁxk, and obtain a symmetric transform pair.
1 N—1
Y = — ) x(n)e ¥wN DFT
\/N n=0
1 N—1
x(n) = N > YiewN IDFT
k=0

Q20) Discrete cosine transform (DCT) pair of a finite lengtinal x (n) can be obtained by

DFT of the signaly (n) generated fronx (n) as in the following

x(n), n=0,1,2,...,N—1

x(—n) n=—-N+1,—-N+2,...,—1

a) Obtain the DCT pair shown in the following.

N—
Xe = x(0) Z ) cos(2mkn/ (2N — 1))

N—-1

1 2
IR N ; Xy cos(2rtkn/ (2N — 1))

DCT

IDCT




1

b) SetY, = Xy, and obtain a symmetric transform pair.

V2N —1
Y, = ! _x (0) + 2 Z x (n) cos(2mtkn/ (2N — 1)) DCT
V2N —1 V2N —
1 ) N 1
x() = ==Y 4 e Z Yy cos(2mkn/ (2N — 1)) IDCT

Q21) Discrete sine transform (DST) pair of a finite lengtsilx (n) can be obtained by DFT

of the signaly (n) generated fronx (n) as in the following

x(n—1), n=1,2,...,N

x(—n—1) n=—N,—N+1,...,—1

\

a) Obtain the DST pair shown in the following.

N—-1
Xi = 2) x(m)sin@2nu(k+1)(n+1)/2N+1) DST
n=0
2 N-—1
x(n) = ZNH;xksm(zn(kw)(n+1)/(zN+1)) IDST
1
b) SetYy = ————X, and obtain a symmetric transform pair.
) k AN Kk Vs p
Y, = 2 Zx sin2r(k+1)(n+1)/(2N +1)) DST
AN Ny |
N-—1
2
x(n) = 7ZYksm 2n(k+1)(n+1)/2N+1)) IDST

V2N + 1




