AT54 Midterm Exam
April 26, 2010, 10:15 – 12:15, room I102 in Belfort
No documents or calculators allowed.
Choose 3 exercises out of the following 6, of which one mandatory out of the “theoretical questions”. Solving a third or more exercise of part 1 without correctly answering one question of part 2, gives no increase of the final score. 

PART 1 : EXERCICES
EXERCISE 1 (6 POINTS)

Determine the output of a  LTI  with impulse response  h[n] and input x[n] by using the convolution, and not the transform methods, and by using your knowledge of linearity and time-invariance to minimize the work:
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EXERCISE 2 (6 POINTS)

Consider an LTI system whose input x(n) and output y(n) satisfying the difference equation
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Determine all possible values for the system’s impulse response h[n] and moreover h[0] for each of them.
EXERCISE 3 (6 POINTS)
Consider an LTI system that is stable and for which H(z), the z-transform of the impulse response, is given by
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Suppose x[n], the input of the system, is a unit step sequence.
a) Find the output y[n] by evaluating the discrete convolution of x[n] and h[n]

b) Find the output y[n] by computing the inverse z-transform of Y(z).

EXERCISE 4 (6 POINTS)
Given the following difference equation
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which can be both a causal and an anticausal (for which the ROC is inside the innermost pole) system. Find the impulse h[n] of the two systems and determine if they are stable or not. 
PART 2 : THEORETICAL QUESTIONS
EXERCICE 5 (8 POINTS)

Draw the frequency response of an ideal low pass filter with unitary amplitude and cut-off frequency 
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. Compute then the corresponding impulse response h(n) and explain why the ideal low pass filter is not physically realisable.

EXERCICE 6 (8 POINTS)

Prove the following fundamental property of the convolution of sequences by using the Z-transform, where X(z) is the z-transform of the sequence x[n]:
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 with ROC the intersection of the ROC of each 
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TABLE3.1  SOME COMMON z-TRANSFORM PAIRS

Sequence

Transform

1. 8]
2. ufn)

—u[-n-1]

s[n—m)
a"ufn}
—a"ul-n - 1)
na"uln)
—na"u[~n — 1]
[cos won)u[n)
[sinwonJu(n)

. [r" cos wonluln)

. [r" sin wonju[n)

az’!
(1-az71)?
az”!

1 — [cos o)z
—[2coswp)z~! + 2
[sin wo]z™!
T-ReosawoleT+22

1 — [rcoswo)z!

— [2r coswoz~! + 12z

[r sinwo)z™!

T—reoswolz + 7222

@ 0snsN-1, 1-aVz¥

{ 0, otherwise

1-az!

median avri - rabin.

T ATS1 EXANEN meds.

Allz

Izl >1

J4<1

All zexcept 0 (if m > 0)
or oo (if m < 0)

12l > lal

Izl < la|

12l > lal

Izt < la|

lz1>1

lzl>1

Izl > r

12> r

121>0
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The theorems of this section and a number of fundamental Fourier transform pairs

are summarized in Tables 2.2 and 2.3, respectively. One of the ways that knowledge of

TABLE 2.3  FOURIER TRANSFORM PAIRS

Sequence

Fourier Transform

1. 8[n)
2. 3[n—no]

(=00 < n < 00)

. a"uln] (lal <1)

. uln]

. (n+1)a"uln] (lal <1)

rsinep(n D)

1
smwp <b

sinwen
wn

)= 1, 0<n<M
N 0, otherwise

eloon

. cos(won + @)

1
e~ Jono

> 2ndw+20k)
A

1
1-ae

©
ﬁ + Y méw+2nK)
k:

o

1
(1-ae-i=)?
1
1=2rcoswpe=1o + r2e-7

j 1, || <ac,
Xy = {0- we <ol =7

sinfw(M +1)/2] omIoM2
sin(w/2)

»
Z 278w — wg + 27k)
k==00

-
Z [we!®8(e — wo + 27K) + we ™ 1#8(w + wop +27K)]
Koo

median avri - rabin.
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