
Signal Processing and Speech Communication Lab.
Graz University of Technology

Second Homework Assignment for Fund. of Digital Commun.

Name MatrNr.

Please hand in your homework no later than Jan. 15, 2017, 15:00, at our mailbox, Inffeldgasse
16c, ground floor. Please use this assignment sheet as a cover page, filling in your name.

Problem 2.1 (8 Points)
A random variable X is defined by the CDF

FX(x) =























0, x < 0
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(x− 1), 1 ≤ x < 2

K + 1
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, 2 ≤ x < 3

1, x ≥ 3

(a) Sketch FX(x) and the PDF fX(x)!
(b) Find the range of possible values of K.
(c) What is the probability that 0 < X ≤ 1?
(d) What is the probability that 0 ≤ X < 2, as a function of K?
(e) What is the probability that X ≥ 2?

Problem 2.2 (9 Points)
The random process X(t) is defined by

X(t) = A cos(2πf0t) +B sin(2πf0t) (1)

where A and B are two zero-mean independent Gaussian random variables with variance σ2.
(a) Find the first order moment mX(t).
(b) Find and sketch the auto-correlation function RX(t, t+ τ) of the random process X(t). Is
the process stationary (justify your answer, Hint: cos(x) cos(y) = 1

2
(cos(x− y) + cos(x+ y)) &

sin(x) sin(y) = 1

2
(cos(x− y)− cos(x+ y)))?

(c) Find and sketch the power spectral density of X(t).
(d) Find the auto-correlation function of the random process if the variances of A and B are
not equal (i.e. σ2

A
6= σ2

B
). Is the process stationary? Justify your answer.
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Problem 2.3 (6 Points)
In a certain city three car brands, A, B, C have 20 %, 30 %, and 50 % of market share,

respectively. The probability that a car needs major repair during its first year of purchase for
the three brands is 5%, 10%, and 15%, respectively.
(a) What is the probability that a car in this city needs major repair during its first year of
purchase?
(b) If a car in this city needs major repair during its first year of a purchase, what is the
probability that it is made by manufacturer A?

Problem 2.4 (10 Points)
Given are four different constellation diagrams with eight symbols (see Figure) .

(a) Give the parameters (A,B,C) of the constellation diagrams I)-III) as a function of the
average symbol energy Eav.
(b) Find the minimum distance of the constellation diagrams I)-III) as a function of the average
symbol energy Eav.
(c) Find the parameters (D1,D2) in constellation diagram IV) that maximize the minimum
distance dmin for a given Eav.
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(d) Give all the minimum distances dmin of the constellation diagrams I)-IV) as functions of
the average bit energy Eb. What do you observe, when you compare them? Which modulation
scheme would you choose for a communication system, and why?
(e) Assign bit-patterns to the signal constellation diagram I)-III) such that the most likely
error event leads to a minimum number of bit errors. Can you find an optimum mapping?


