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Q1 (30p)

A) (10p) Describe the concept of transfer function for continuous-
time and discrete-time LTI systems. What properties of the LTI
system allows you to use transfer function to determine output
signal for a given input signal. Explain.

B) (10p) Find the transfer functions and the corresponding system
equations for continuous-time and discrete-time LTI systems de-
scribed by the impulse response functions given below

h1(t) = ε(t)e−at sin(ω0t)

h2[n] = αδ[n] + (1− α)h[n− 1]

h3[n] = [10 9 8 7]

C) (10p) How can one use transfer function to describe the frequency
response of a LTI system? How are these two concepts connected?
Briefly explain how to calculate frequency responses for systems
with impulse given above (you do not have to do the full calcula-
tion). Where necessary, use sampling time ts = 2π

100
s.

Q2 (30p)

A) (10p) Find the unilateral (n ≥ 0) z-transform of

x[n] = 5 cos[3n]

B) (10p) Determine the convolution

y(t) = e−atε(t) ∗ ε(t) (1)

using the Fourier transform method.

C) (10p) A system with a transfer function

H(s) =
s− 1

s2 + 3s+ 2
(2)

is excited by white noise with power density N0 giving an output
signal y(t). Determine the ACF ϕyy(τ), the mean µx and the
variance σ2

x of the output signal y(t)
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Q3 (20p)

A) (10p) Show that:

L {t · x(t)} = −dX(s)

ds

B) (10p) Use above property to calculate output of LTI system where
input x(t) = te−9t defined for t > 0 and the impulse response is
given by:

H(s) =
1

(s+ 10)

Q4 (20p)

A) (10p) Explain the concept of discrete frequency by considering
Fourier transform of a sampled signal:

xs(t) =
∞∑

n=−∞

x(nTs)δ(t− nTs)

B) (10p) Describe the difference between DTFT and DFT. Show how
to calculate both transforms for a signal defined by

x[n] =

{
1 0 ≤ n < 10

0 otherwise

NOTE: Here it is sufficient to express the transforms in terms of
a power series.
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