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i. Let

prit) = i bt — nT')

R= — g

where &(1] is the unit impulse [or Dirac delta) function, I > 0 is a constanl, and

2(t) = st (5 } cos {77

sin{mt)/(xt), £#0
1, t=10

with
sinc(t) = {

(a) Find the Fourier transform (spectram), X(w), of 2{1), (5%}

(b) Find the spectrum, X, (w), of #,(t) = z(t}pr(t). [s it possible to recover z{t)
from x,(t)7 Why? (10%)

ic) If pr(f} 12 passed through a continuous-time linear time-invariant filter whose
impulse response is Af{t) = z{t), find the output y(t] of the flter. (5%

(Yom need write down detailed derivalions, otherwise no credits)

2. Consider a continuous-time lincar tifne-invariant system with impuise response given
by A{t] = te~™u(t). where o = 0 and u({) is the unit step function,

(a) Find the transfer fnnction, A{s), of the system. Is the system caysal stable?
(Why?) (5%)
() Find the step response of the system. (5%)

(You need write down detailed derivations, atherwise no eredits)

3. Let A[n] be the impulse response of a discrete-tinle linear time-invariant system with
transfer function given by

3_1
Hie) = a0 220

It is known that k[r| is & symmetric sequence .e., f[n] = k[—n]}.

(2} What is the region of convergence of H{z) and whal is &[r]? {5%)
b} Find the cutput yfr] of the systemt in response to Lhe input ) = ulr] - win|

Ax 7 -+ o0, where
2, nis even
whr] =

), mnisodd
and uin| is the umit step sequence. (5%

[You need write down detailed derivations, otherwise no credits)
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4. Consider a continuous-time linear bime-invariant system with impulse response given
by A{e) =sin [u()—wfr —3)], where u{f) is the unit step function. Find and sketch
the output gignal y(¢) for each of the {ollowing input signals x(¢):

(8) x(ry= 3 &(r-2k), where 5(t) is the unit impulse function. (5%)

k- -an

(b) x(t)=u(t) - wls - 2). (5%)

5. Cowmpute and sketch the cuiput signal y|#] for each of the following discrete-time
linear time-invariant systems with input signal x{»] and impulse response A{n];
(@) xnl=u[n}—ulm—n - 1] and h{n]= wp]—w{n—n, -1], where u[#] is the uvnit
step sequence and n, >n =0 (3%9)
(b) x{n]=a"w[n] and Arl=b"ulr], where g=2b and O<a b<l.(5%)

¢, Congider a linear time-invariant causal digital filter that has the following observed
causal nput and output sequences of finite length:
times: O | 2 3 4 5 6 7 B 9 10 11 12 13 14 15
nputxdp}: 1 1 2 3 1 2 4 0 Q0 O 4 0O 0 O 0O O
output p[k]; 1 3 6 9 10 2 9 10 9 1 -3 2 4 O O O
fa) Determine the length of the system impulse response sequence based on the
observed data, {2%)
{b) Determine the values of the first four points of the sysiem impulse response
sequence. (8%}

7. Consider a sequence xfn] whose discrete-titne Fourer transform has the following
DTty

1, % <nib
X(e™y=405, 7/6<|Q<ni3.
0, A3<iQ<x

(2) Define 2 new sequence p[n] with values y[n]=x3x].n=0%x1,+£2 3,
Express the discrete-time Fourier transform F{e*') of v[#] in terms of X{e"™),
and then sketch it. (6%o)

(b} Define  another new sequence zfr] with  walues z[w]= ¥ni3] for
n=l 23,26, 25 . and z[n]=0 ovtherwise. Express the discrete-time Fourier
transform  2(e’™) of z{n] interms of ¥{e’™}, and then sketch it {6%)

{c) Is it possible to recover the ongnal sequence x{n] from z[n] 7 Why" {3%)
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8. Consider the following finear causal digital filter structure:

x[n] »@ l @—» ¥l

|

.
ko KiZ

Inthis structure, z™' denotes & unit delay.

(a) Find the system function H{z), plot the pole-zero diagram, and indicate the
region of convergence. {3%0)

{b) Determine the range of values of & such that the system and its inverse system are
both causal and stable. Draw the direct-form-II structure of the cotresponding
inverse system. (5%}

(c} Determine vin]if k=1and x{n]=1+27" +3" forall n. {39



