THE UNIVERSITY OF TEXAS AT AUSTIN
Dept. of Electrical and Computer Engineering

Final Exam

Date: December 11, 2003 Course: EE 313 Evans/Arifler
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Name:

The exam is scheduled to last 3 hours.

Open books and open notes. You may refer to your homework and solution sets.

Calculators are allowed.

You may use any standalone computer system, i.e. one that is not connected to a

network.
o Turn off all cellular phones and pagers.

e All work should be performed on the quiz itself. If more space is needed, then use the
backs of the pages. : :

e Fully justify your answers.

Problem | Point Value | Your Score Topic |
1 10 . Fourier Series
2 10 Transfer Function
3 10 Laplace Transforms
4 10 z-Transforms
5 15 Signal Energy
6 15 Fourier Transform
7 15 Convolution
8 15 Miscellaneous
Total 100




Problem 1 Fourier Series. 10 points.

Consider the half-sinusoidal periodic waveform y(t) in the figure below.
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(a) (3 points) Write down the period To in seconds, the frequency fo in Hertz, and fre-

quency wo in radians/s of y(t).
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(b) (3 points) Write down the functional expression of y(t) over one period.
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(c) (4 points) Find the zero-frequency component (DC value) of y(t)-
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Problem 2 Transfer Function. 10 points.
The block diagram of a linear phase-

transfer function H(s) =

X(s)

lock loop is given in the figure below. Find the

Y(s) ; in terms of K and F'(s).
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Problem 3 Laplace Transforms. 10 points.

x(t)

For the continuous-time tapped delay line given in the figure above, in which each of the
N — 1 delay blocks has a possibly different delay value, the impulse response is given by

N-1
h(t) = 20 anb(t = =)
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n
where T, = Z T.. with Ty = 0. It is also given that the system is in zero initial state.

m=0

(a) (5 points) What is the Laplace transform of A(t)?
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(b) (5 points) What is the Laplace transform of the output Y'(s) when the input z(t) is
the unit step u(t)?
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Problem 4 z-Transforms. 10 points.
Consider the following z-transform pair:

ofH = ult] o Xl = 2, > T

(a) (2 points) Find the derivative of z[k] with respect to 7.

dzlk] k-1
8y l/» X

(b) (2 points) Find the derivative of X[2] with respect to 7.
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(c) (3 points) Using only parts ( a) and (b), and the properties of the z-transform, what is
the z-transform of y[k] = kv*ulk]?
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(d) (3 points) Given that the energy of a sequence ylk] is Z ylk]y*[k]. Canylk] = kyRulk)
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have finite energy? If it can, for what values of 7 Justify your answer.
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Problem 5 Signal Energy. 15 points.

Recall that the energy of a real signal f(t

voltage f(¢) is applied across (or if a current f
= 20 e~ 1%y(t) in the interval:

energy of the signal given by f(t)

(a) (7 points) —0.1 <t <0.1s.
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(b) (8 points) —10 <w <10 radians/s.

Hint: You may find the following i
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Problem 6 Fourier Transforms. 15 points.

The frequency response of a linear time-invari
is y(t) is given by

ant system whose input is f(t) and output
10 — j2w
Hw)= .
(@) 4+ jw
Find the time-domain output y(t) if the input f (t) is given by:
(a) (5 points) The unit impulse 6(t).
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(b) (5 points) The unit step u(t).
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Problem 7 Convolution. 15 points.
(t), the correlation r(t) is given by

For two real signals f (t) and h(t
/ F(r)h(t +7)d

lution operation between f

(a) (4 points) Express r(t) as a convo (t) and h(t)-

r() = (&) %—h(}—t)

(b) (4 points) What property should cither f(t) or h(t) have in order for r(t) = f(t)* h(t)?
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what is the relationship between r(t) and the energy of

(@) (8 poinﬂs) When f(t) = h(t),
signal f(t)?
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Problem 8 Miscellaneous short answer questions. 15 points.

(a) (3 points) List two reasons why modulation is necessary in communication systems.
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(b) (4 points) Is it possible for a signal to have an arbitrarily large (and possibly infinite)

duration in the time domain and an arbitrarily large (and possibly infinite) bandwidth
‘in the frequency domain at the same time? Justify your answer.

N c - B tj rQC’;P Fecd Jt"j ° /— 51’5 ruwt QLL-\.-)“ ektom
cordh its boundwor OKH/\ . .
\7/e 5 - ]\\ ot Cline Lonadbedh 3 (’S V\Q—/\S Caan '[/\,Ov-u e
e Ui ked Lasmdotdd - RBolda colkeuy S u,s%qﬁ‘eat .

(c) (4 points) Is it possible to have a stable. linear system which is non-causal? Justify

your answer. )
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(d) (4 points) Suppose you are given the energy spectral density |F(w)|? of a signal f(t).
Is it possible to recover f(t) from the knowledge of |F'(w)[*? Justify your answer.
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