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Notes

Lay out your student or personal ID for inspection.

Label each paper with your name and matriculation number. Please use a new
sheet of paper for each task. Additional paper is available on request.

Do not use pencil or red pen.

All aids — except for those which allow the communication with another person —
are allowed. Prohibited aids are to be kept out of reach and should be turned off.

The direct communication with any person who is not part of the exam supervision
team is prohibited.

For full credit, your solution is required to be comprehensible and well-reasoned. All
sketches of functions require proper labeling of the axes. Please understand that the
shown point distribution is only preliminary!

In case you should feel negatively impacted by your surroundings during the exam,
you must notify an exam supervisor immediately.

The imminent ending of the exam will be announced 5 minutes and 1 minute prior
to the scheduled ending time. Once the end of the exam has been announced, you
must stop writing immediately.

At the end of the exam, put together all solution sheets and hand them to an exam
supervisor together with the exam tasks and the signed cover sheet.

Before all exams have been collected, you are prohibited from talking or leaving your
seat. Any form of communication at this point in time will still be regarded as an
attempt of deception.

During the reading time, working on the exam tasks is prohibited. Conse-
quently, all writing tools and other allowed aids should be set aside. Any violation
of this rule will be considered as an attempt of deception.
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Task 1 (35 points)

Task 1 (35 points)

Part 1 This part of the task can be solved independently of parts 2 and 3.

Let the probability distribution F,(v) of the ergodic random process with statistically
independent values be given by:

0, for v < m,
Fy(v)={2(w—m), firr<v<?3,
1, for%7r <w.

(a) Sketch the probability distribution F,(v).
(b) Determine the probability density f,(v).

(c) Determine

(i) the linear mean value my,,

(ii) the variance o2 and
(i4i) (as a numerical value) the root mean square value m?
of the probability density f,(v).

(d) Determine the power density spectrum S, (e’).

Part 2 This part of the task can be solved independently of parts 1 and 3.

Given an equally distributed discrete random process vy(n) whose probability density
function is defined to be non-zero within the range of values v; € [1, 4].

(e) Determine the associated probability density function f,, (v1) and draw it. Please
label all axes!

Furthermore, a second random process va(n), which is statistically independent of vy (n),
is to be considered. This is defined by the following probability density function:

fvz (UQ)
2/9

V2

—S —é —i 1 é U2,1;1ax

(f) Determine the value vg paq-
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Task 1 (35 points)

(9) Give the probability density function f,(v2) in mathematical form. 3P

~—

(h) Determine the composite probability density f, v,(v1,v2) of the two processes vi(n) (6 P
and va(n). In a plane spanned by v; and ve, mark the area in which fi,, ,(v1,v2) > 0
holds.

~—

Part 3 This part of the task can be solved independently of parts 1 and 2.

Given the following composite probability densities and probability density functions:

i, for —2<b< —1,
—1b, for —1<b<0,
fula) = {%”%’ forzsas<s. A =1 fro<b<t,
0, else. 1
T for 1 <b < 3,
0, else.
0, for d < %,
0, forc < -3, d—%, for%§d<%,
Fo(c)=q2c+3, for —3<c<3, Fy(d) = < 2, for 3 <d <3,
1, else. %d—%, forg§d<%,
1, for% <d.

(1) Which of the given probability densities or distribution functions are correct? State (5 P)
them and explain which conditions have to be fulfilled!

(j) Sketch the associated distribution function F»(7) to the probability density f-(?) you (4 P)
identified as candidates in (i).

(k) Give the associated probability density f2(?7) to the distribution function F»(?) you (2 P)
identified as a candidate in (i) as a function!
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Task 2 (32 points)

Task 2 (32 points)

Part 1 This part of the task can be solved independently of parts 2 and 3.

Given the following difference equation of a linear time-invariant system with input v(n)
and output y(n):

yin+1)=2y(n+2) —2v(n+1) —v(n) +2v(n — 1) — 4v(n — 2) + 4v(n — 3).
(a) What is the transfer function H(z) of the system? (3P)

(b) What is the impulse response of the system? Draw it for —3 <n < 7. (6 P)

(c) Does the system have a direct pass? Justify both on the basis of your result from (1,5 P)
subtask (a) and on the basis of your result from subtask (b).

Part 2 This part of the task can be solved independently of parts 1 and 3.
Let the state space model be described by the following equations of state:

x(n+1)=Ax(n)+ Bv(n), (1)
y(n) = Cx(n) + Do(n). (2)

Furthermore, a system is defined that is parameterised with the following four matrices:

A:E ﬂ,B:m,C:[O 3], p=o].

4 4 2

(d) Determine the transfer function H(z). Simplify the result as much as possible. (6 P)
Note: In the last step, simplify the result so that the highest denominator degree
in the transfer matrix is 1.

(e) Determine the impulse response ho(n). (2 P)
(f) Is the system H(z) stable? Justify your answer. (1P)

Part 3 This part of the task can be solved independently of parts 1 and 2.

Let the following system be given:
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Task 2 (32 points)

(g9) Determine Hyes(2) as a function of H;(z), i € [0,1,2,3,4]. What do the individual (5 P)
elements of H ges(2) describe?

Only the transmission path from V5(z) to Yp(z) is now considered (Vi(z) and Va(z) are
zero and therefore negligible). Furthermore, let hold:

1 1
z— 7 2 241
Hy(z) = 4. Hy(z2) = , Hy(z) =——— 4
0(2) Z+i 1(2) 22_% 2(2) 2'2—}-%2—%
z+1 z+1
H3(z) = ———4—— Hy(z) = —.
(z—3)(z+1) 22— &
(h) Draw the pole/zero diagram for the transmission path under consideration. (4,5 P)
(i) Is the subsystem under consideration: (3P)
(i) stable,

(ii) causal,
(#4i) or minimum phase?

Give reasons for your answer in each case.
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Task 3 (33 points)

Task 3 (33 points)

Part 1 This task part can be solved independently of part 2 and part 3.

(a)

What causes amplitude errors in angle-modulated signals and how can this signal
distortion be compensated for on the receiving side? .

Part 2 This part of the task can be solved independently of part 1 and part 3.

Given the system from Figure 1 for transmitting the signal v(n).

Transmitter Channel Receiver

c1(n) ca(n)

v(n) % u(n) b(n) x(n) So() y(n)

Figure 1: Transmission link

Let the spectrum V (€7}) = F {v(n)} be given by

(b)
(c)

(d)

(¢)

(f)

(9)

i _q - GolRdr2r) T L . < T
V(em):{ 1 : , falls =E < Q4+ A-2r < T

0 , sonst
Sketch the spectrum V (e?) = F {v(n)} in the range —7 < Q < 7. Label all axes!

For modulation, the carrier signal ¢;(n) = 2cos(Qen) with Q. = %71 is used. Cal-
culate the spectrum U (/) = F {u(n)} as a function of V (e/}) and draw the real
part of the spectrum U(ejﬂ) in the range of =27 < Q < 2m. Label all axes! What
is the modulation type?

Due to a non-interference-free signal transmission, the signal s(n) couples additively
with the real-valued spectrum from Figure 2. Calculate the spectrum B(ejﬂ) =
F {b(n)} as a function of U (e’*?) and S (e’*?) and sketch in the region of —m < Q < 7
the real part of the spectrum B(e/%?). Label all axes!

The demodulation is done with the signal co(n) = cos(2en + A) where A describes
a phase error. Calculate the spectrum X (e/%) = F {z(n)} as a function of V (e/%),
S(ejﬂ), A and Q..

For the ideal reconstruction the system Sp {-} shall be used. The phase error is
assumed to be A = 40°. What properties must this filter have in terms of gain/at-
tenuation and cut-off frequencies?

Can the phase error lead to a complete cancellation of the demodulated useful signal
in the baseband? Justify your answer!
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Task 3 (33 points)

s
4
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Figure 2: Spectrum

Part 3 This part of the task can be solved independently of part 1 and part 2.

Given is the instantaneous angular frequency 2,,(t) of a frequency modulated carrier:

O (1) = {wo + kpym sin(27 fot), for t >0,

0, else.

(h) Calculate the associated instantaneous phase ().

(i) Name the advantages and disadvantages of amplitude and angle modulation respec-

tively.
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