Q1. Consider the following LTI systems with input—output relationships

given below:
n+ n—m

System 1: y;[n] = Z System 2: ys[n] = Z zalk].

QG\C
w1 [k],
k:_'ioj_‘/ k=—o00
(a) Find the impulse responses of these systems.
(b) Are these systems

(i) Causal? /

(ii) Stable? v

Justify your answers.

(c¢) These two systems are connected in parallel to form the system given

below.
nfn > System 1 b
+
x[n] — > y[n] = yn] — y2[n]
B o
»  System
xo[n] ystem 2 yo[n]

(i) Find the impulse response of this system.

(i) Is this system
(a) Causal?
—l
(b) Stable?

—

Justify your answers.
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Q2. The impulse response of an LTT system is given as

h(t) = e ?tu(t).

Let x(t) be an input signal defined as

t <0,
0<t<l,

(0’
L
x(t) =
2, 1<t<2,
\07

2<t.

(a) Evaluate the output y(t) of this LTI system for the input z(¢) using
the convolution integral (clearly indicate the regions for which the con-
volution imtegrals are valid).

(b) Write x(t) in terms of the superposition of shifted/unit step signals.

(c¢) Find the unit step response g(t) for the given LTI system.

(d) Use g(t) to check your answer in part (a).

B
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Q3. The discrete-time input signal x[n] is passed through a pair of series-
connected LTI systems with impulse responses hq[n] and hy[n|. The signals
y[n] and z[n] are obtained at the outputs of System 1 and System 2 as shown

in Figure 1. [_\

System 1 ( y[;;D System 2
hl[n] hg [n]

[n] ——— = 2[n]

Figure 1

(a) System 1 is known to be causal, and its input—output relation is given

by
y[]—%yn—l [L/

The system is excited with a unit impulse input z[n] = 0[n].\Find the
output y[n| @

(b\)?e impulse response of System 2 is given as

ha[n] = 0[n] + 36[n — 1].

Obtain the input—output relation of System 2, i.e., the relation between

the s1gnals_y[/] and f[_]_ é{(\] \j (V\j * \/\1[!‘]

(c¢) The series connection of the two systems in Figure 1 can equivalently
be represented as in Figure 2 as a single LTI system (System 3). Find
the impulse response hs[n].

System 3
h3 [n] £

Figure 2 \/‘\ CV\-] )Q\/]1YA1
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Q4.
(a) Given that x[n] is an odd sequence, prove that

o0

Z z[n] = 0.

n=—oo

(b) The input—output relation of a system is given as

y(t) = Re{e’""z(t)},

where x(t) can be complmed.

E—

(i) Does this system satisfy the additivity property? Justify. Does
this system satisfy the homogeneity (or scaling) property for the
complex scalar and input case? Justify. Is this system linear?

(ii) Is this system time-invariant? Justify.

(iii) Is this system stable? Justify.

’_/_\
(iv) Is this system causal? Justify.
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Q5. System 1 (called a “moving average filter”) is an LTI system with the
following input—output relation:

m=n—7

System 2 is another LTT system with impulse response
R

holn] = (=3)"u[n — 1].

2 \V
- y[n]

—>{ System 1
£
z[n] —
—{ System 2 ‘}:j\

The overall system is shown below.

n
win)

Answer the following questions about System 1, System 2 and the overall
system above.

(a) Is System 2 memoryless, causal, and/or stable? Justify your answers.

(b) If z[n] = cos(mn/4) + d[n — 1], find wn].

(c) Find the impulse response hj[n] of System 1, and express it using unit
step signals.

(d) Find the impulse response of the overall system whose input is z[n] and
output is y[n|. Justify your answer.
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@

n by

(a)

Consider a discrete-time (DT) LTI system whose impulse response is

1

- > 1
hln] =< n’ =S

0, otherwise.

By justifying briefly, determine whether this system is
(i) Stable,

(ii) Causal,

(iii) Memoryless.

1
Hint: Recall that the series Z —- converges for £ > 2 and diverges
n

n=1

for k =1.

Find the output y[n| when the following input signal z[n| is given as
input to the system, where «, 3, are nonzero real numbers. Express
y[n] as a function of n, by properly indicating the intervals:

a, n=—1,

/67 nIO?
x[n] =

77 n = Y

0, otherwise.

Now consider that the system is excited by the constant (and thus
bounded) input signal xz[n] = «, where « is a nonzero real number.
Find the output of the system. Comment on the result based on your
answer to part (a).
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Q7. Consider the cascade (series) connection of two LTI systems, whose
impulse responses are h;(t) = e~ *u(t) and

ha(t) = 3(t) — (¢ — o),

where « is a real constant, 0 < a < 1.

(a) Check whether the overall system is stable or not. Check its causality.
Briefly explain your reasonings.

(b) A continuous-time signal is given as
z(t) = cos(ft) + ™At

where m > 1 is an integer and 8 > 0 is a real constant. In terms of /3
and m, find the fundamental periods T} and Ty of cos(ft) and e/™?,
respectively. — —

(c) Find the continuous-time Fourier series coefficients of z(t).

hen the system with the impulse response hy(t) is excited by the
input signal e (where s € C), the output signal is observed to be

K Gw)
1 st
\Qse)— s+a) Cj\y

Evaluate the output signal y(¢) for the overall cascaded system corre-
sponding to the input signal z(t) in part (b).

o
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Q8) Consider the continuous-time LTT system described by the differen-
tial equation
dy(t)

——= 4+ 2y(t) = 2x(t), —00 <t < 00,

with zero initial condition y(07) = 0. |4 CD’): (®;

(a) Find the impulse response h(t) of the system.

(b) Let x(t) = u(t). Find the output y(¢). Compute

E, = / () dt,  E, = / ly(t)[ dt, ,/
N— > " \__L_/
and the average powers P, and P,. Classify x(¢) and y(¢) as energy or

power signals. —
—

(c) Is this system invertible? If yes, derive a differential equation that the
inverse system must satisfy (i.e., an equation that recovers x(t) from
y(t)). State whether this inverse system iscaused-end-BIRBOstable.

1.1 D | . L L
AL DIy JUStITy—yotE—ahswears
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Q9) Consider the discrete-time system with input z[n] and output y[n]
related by

y[n] = z[n] — x[n — 1] + z[n — 2], —00 < n < 00.

For this system, determine whether it is

linear,

time invariant,
causal,
memoryless,

BIBO stable,

invertible~{en-theclass of absotutel input sequences).

For each property, answer yes or no and justify briefly. If you claim that the
system is invertible, explicitly give a relation that recovers x[n| from y[n].

F. Seyma Uslu EEE321 Recitation Page 9



3(2]: X (0] —x (-] x(n-21
. Lineart e > Qinead
! S
ax,Cnd b X1 [n] =2 Q-A\+bm

\O«}u/tnj = @ﬂ — f_x,[ﬁ‘] '&@“ + X (114X 1)
Q ‘j ! VJQ_

e e invafiance
x(n-Nod 3%—33’1

x (N-ed X [N-No-] + X[n-o-1]

-CeusebM(
J = V V'V causdd
B\% S’\ato'\\\'\'\k
01 = x (W)« h (n)
/—\/‘ Q\
Z Wi xld < Z [W(y] x ()
——~ o N
" ’\/m
i MY
) Y=o —
S (uhdl= | §eatHS o Mgl <3 <os
le=-po u_,okoé ':LH l f(

B seHe



