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Instructions:

Maximum 70 points, 30 points required to pass the exam.
Note that a motivation is required for each answer to get the
maximum number of points for a problem!
Note that 10 points obtained at the seminars means that the first
problem does not have to be solved. In case of 5 points, problems
1(a) and 1(b) do not have to be solved.

Results:
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1

a) Explain what linear and time-varying systems mean.

(2.5 p)

b) Explain what stable and causal systems mean.

(2.5 p)

c) Which type of sequences can be Fourier series expanded?

(2.5 p)

d) A filter (LTI system) has the transfer function H(z) = 1+z–1. Is it a lowpass or highpass filter? Motivate the answer.
(2.5 p)
2)

Use convolution to determine the output sequence y(n) of an LTI system with the following input sequence x(n) and impulse response h(n):
x(n) = 0.9nu(n), h(n) = 0.1nu(n) (u(n) is the unit step sequence)

3)

(10 p)

A causal LTI system is given by the following difference equation:
y ( n ) = x ( n ) + 2x ( n – 1 ) – 0.5 y ( n – 1 )
a) Determine the transfer function of the system. Also determine the poles and zeros
of the system and indicate them in the z-plane.
(4 p)

4)

b) Determine the impulse response of the system.

(4 p)

c) Determine the magnitude response of the system.

(2 p)

A continuous-time signal, xa(t), has a real-valued Fourier transform according to
Fig. 1. Three sequences, x1(n), x2(n), and x3(n), are formed by sampling the continuous-time signal with the three different sampling frequencies 100 Hz, 50 Hz, and 40
Hz, respectively.
a) Sketch the Fourier transforms of the three sequences, that is, sketch X1(ejωT),
X2(ejωT), and X3(ejωT).
(6 p)
b) Three continuous-time signals xr1(t), xr2(t), and xr3(t) are reconstructed from x1(n),
x2(n), and x3(n), respectively, using ideal PAM. Sketch the Fourier transforms of
the three signals, that is, sketch Xr1(jω), Xr2(jω), and Xr3(jω).
(4 p)
Indicate level constants and frequency edges in the sketches so that the Fourier transforms are completely specified.
2

50p

Xa(jw)

50p

Figure 1.
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5)

A causal LTI system is given by the following transfer function:
z
H ( z ) = ---------------z – 0.1
Determine the output sequence y(n) of the system when the input sequence is
x(n) = u(n)–u(n–5), where u(n) is the unit step sequence.
(10 p)

6)

A sequence is given as
 0, n ≤ – 1

x ( n ) =  1, n = 0, 1, 2, 3

 0, n ≥ 4
A new sequence y(n) is formed by convolving x(n) with itself. That is,
∞

y( n) =



x ( k )x ( n – k )

k = –∞

Compute |V(k)| for all values of k (k = 0, 1, ..., 7) where V(k) is an 8-point DFT of the
length-8 sequence v(n) given below.
(10 p)
v ( n ) = y ( n ),
7)

n = 0, 1, …, 7

A causal LTI system is given by the following transfer function:
H ( z ) = a 0 + a 1 z –1 + a 0 z –2
Determine the constants a0 and a1 so that the system completely eliminates the stationary part of the output sequence when the input sequence is sin(ω0Tn)u(n), where
u(n) is the unit step sequence and ω0T = 0.28π. The gain of the system should be
H(1) = 1.
(10 p)

