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Problem 1 (42 points)

Problem 1

(42 points)

Part I (Can be solved individually from the other parts)
Given the time discrete signals
ỹ(n) = 2γ−1 (n) − 4γ0 (n − 1) − 4γ0 (n − 2) − 2γ−1 (n − 4),
and



1,

for n = 0,
z̃(n) = −1, for n = 1,


0,
else.
Here γ−1 (n) is the step sequence and γ0 (n) is the unit impulse sequence. From the sequences ỹ(n) and z̃(n) the sequences y(n) and z(n) respectively can be generated by
extracting the signal values (of ỹ(n) and z̃(n) respectively) at the indices n = 0 . . . 3 and
periodically repeating them (period length 4). Further more, it is given:

Z4 (µ) = DFT4 {z(n)} =



0




1 + j

µ = 0,
µ = 1,
µ = 2,
µ = 3.


2






1−j

(a) Determine y(n) for n ∈ {0, . . . , 3}.

(1 P)
n

o

(b) Calculate the discrete Fourier transform Y4 (µ) = DFT4 y(n) of y(n).

(2 P)

(c) Calculate the output x̃(n) of the linear convolution of ỹ(n) and z̃(n) for indices
0 ≤ n ≤ 6.

(5 P)

(d) Sketch x̃(n) from part (c) for 0 ≤ n ≤ 6.

(3 P)

n

n

o

o

(e) Determine IDFT4 Y4 (µ) · Z4 (µ) = IDFT4 DFT {y(n)} · DFT {z(n)} .

(4 P)

(f) Name an alternative calculation to (e) in the time domain.

(2 P)

(g) Can the result from part (e) be directly calculated from the one in part (c)? Justify
your answer!

(2 P)

Part II (Can be solved individually from the other parts)
Given the time discrete Fourier transform of v(n):
V (ejΩ ) =

sin2





2N +1
2 Ω

sin2

 
Ω
2

.
n

o

(h) Calculate the inverse time discrete Fourier transform v(n) = F −1 V (ejΩ ) .

(5 P)

(i) Sketch v(n) for N = 2 for −6 ≤ n ≤ 6.

(3 P)
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Problem 1 (42 points)

Part III (Can be solved individually from the other parts)
Now the frequency response:
H(z) =

z3 −

z 2 − 14
+ 12 jz − 18 j

1 2
4z

is given.
(j) Determine the poles and zeros of the system.
√
j = √12 + √12 j, one pole is at z∞,0 = 41 .
Hint:

(6 P)

(k) Sketch the pole-zero plot.

(3 P)

(l) Sketch the region of convergence in the pole-zero plot.

(3 P)

(m) Add a minimum number of poles and/or zeros such that the system gets real valued.

(1 P)

(n) Is the new system from part (m) causal? Justify your answer.

(2 P)
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Problem 2 (27 points)

Problem 2

(27 points)

Given is the autocorrelation function of the signal v(n) with A ∈ R.
svv (κ) = Aκ , for κ ≥ 0 .
(a) Find svv (κ) for κ < 0. And give the final function svv (κ) κ ∈ [−∞, ∞].

(4 P)

(b) Calculate the mean and the variance of v(n). Assume 0 < |A| < 1.

(4 P)

(c) Calculate the z-Transform Svv (z) of svv (n).

(8 P)

(d) Find a value for A to get the following ROC (Region of Convergance) 2 > |z| > 21 .

(3 P)

(e) Now a system with the following tansfer function

(8 P)

H(z) =

z+3
z + 31

is applied to the input signal v(n). Calculate Syy (z) and syy (κ) of the output y(n).
Hint: If a system only consists
of real

 valued poles and zeros, following simplification can be used: H ∗ z1∗ = H z1
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Problem 3 (31 points)

Problem 3

(31 points)

Given is a discrete system according to the following block diagram.

u(n)

v1 (n)

v2 (n)

y(n)

H3

H1

H2
Htotal

For the systems H1 and H2 the following transfer functions hold:
H1 (z) = z − 1,
H2 (z) = z + 1.
The system H3 can be described by the following difference equation:
1
1
y(n) = u(n) + y(n − 1) + y(n − 2)
2
2
(a) Give a statement about the characteristics (highpass, lowpass, bandpass, ...) of the
system H1 (z). Do the same for the system H2 (z). Give reason to your answers.

(4 P)

(b) Determine the transfer function H3 (z).

(2 P)

From now on the following transfer functions hold for the systems H1 (z) and H2 (z):
z−α
,
z
z+1
H2 (z) =
.
z
H1 (z) =

Preliminarily, for the following problems α = 1 holds till task (h).
(c) Calculate the transfer matrix for the total system Htotal (z). Simplify the expression
as much as possible.

(3 P)

(d) Give the number of inputs, outputs and the minimum number of internal states of
the total system Htotal ?

(2 P)

(e) Sketch the signal flow chart of the state space description of the total system Htotal .

(7 P)

(f) Does the total system Htotal have a direct pass through? Give reason to your answer.

(2 P)

(g) Now the system should be described in the state space by using the state- and the
output equation

(6 P)

x(n + 1) = A x(n) + B v(n)
y(n) = C x(n) + D v(n)
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Problem 3 (31 points)

Where v(n) describes the inputs, y(n) the outputs and x(n) the internal states of
the system. Determine the matrices (respectively vectors and scalars) A, B, C and
D.
For the following problems the parameter α of the system H1 be variable.
(h) Does a change of the parameter α have an impact on the direct pass through of the
total system Htotal ? Explain how the pass through changes in dependency of α.

(2 P)

(i) Does a change of the parameter α have an impact on the characteristics (bandpass,
highpass, lowpass) of the system H1 ? Explain the change in the characteristics of
H1 in dependency of α.

(3 P)
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