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The exam consists of five problems. 20 of 50 points are required to pass.
Permitted aids: Pocket calculator without any programs, scripts or files stored,

formula collection without any notes.

• Write your personal identifier on each page.

• Each solution must be written on separate sheets.

• Your solutions must clearly reveal your method of solution.

• Problems are not sorted in order of difficulty.
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1. Consider the simplified circuit model of a loudspeaker with two speaker elements
in Fig. 1. The loudspeaker is fed with the audio input signal x(t) Volt, which
is split between two speaker elements, A and B, represented by resistances RA

and RB Ohms, respectively. The crossover network distributing the input signal
consists of a C Farad capacitor in series with speaker element A and an L Henry
inductor in series with speaker element B.

Figure 1: Circuit diagram of a loudspeaker crossover network.

(a) Find the two frequency functions HA(f) and HB(f) relating the two speaker
element voltages yA(t) and yB(t) to the input signal voltage x(t). (4 p)

(b) Determine the two impulse responses hA(t) and hB(t) corresponding to the
two frequency functions from (a). (4 p)

(c) Use what you know about frequency functions to explain which of the two
speaker elements A and B, respectively, will receive the high and low fre-
quency parts of the audio signal x(t). (2 p)

2. High quality music is often characterized having a bandwidth of 20 kHz and is
often recorded with 16 bits/sample.

(a) What is the lowest bitrate when recording the music accurately, motivate
your answer. (2 p)

(b) What is the maximum achievable SNR if we consider quantization noise
only. (2 p)

(c) What happens to the SNR if the amplitude of the input signal is decreased
by a factor 100 compared to above (ideal SNR), everything else being equal.

(2 p)

(d) What is the bit rate if the bit stream is encoded with a R = 2/3 convolutional
coder? (2 p)

(e) Discuss two possible strategies for reducing the bit rate, without affecting
the quality too much. (2 p)
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3. A discrete source with alphabet {u1, u2, u3, u4, u5, u6} and corresponding prob-
abilities (in the same order) {1/2, 1/4, 1/16, 1/16, 1/16, 1/16} is binary encoded
(source coding) in six different ways:

Code 1 Code 2 Code 3 Code 4 Code 5 Code 6
u1 0 1 0 111 1 0
u2 10 011 10 110 01 01
u3 110 010 110 101 0011 011
u4 1110 001 1110 100 0010 0111
u5 1011 000 11110 011 0001 01111
u6 1101 110 111110 010 0000 011111

Answer the following questions:

(a) Which of the variable-length codes in the table are prefix free? (2 p)

(b) Considering that you want to save data from this source for later use (you
must be able to decode it uniquely), which of the codes would you use to
achieve the least storage space? Motivate your answer! (5 p)

(c) Is there a source code better than the ones in the table when it comes to
reducing storage space? If so, design such a code. If not, motivate why such
a code does not exist. (2 p)

(d) Can we reduce the storage space for this particular source by coding the
source alphabet in pairs, i.e. coding (u1, u1), (u1, u2), . . . , (u6, u6). Give a
simple motivation of your answer. (1 p)

4. Consider the rate R = 1/2 convolutional encoder

+ +

+

(a) How would the information sequence u = 1 0 1 1 0 0 be encoded? Compute
the corresponding code word. (3 p)

(b) Use the Viterbi algorithm to decode the received sequence
r = 10 10 00 01 00 01, show how you get your answer. (5 p)

(c) How many errors can, at least, be corrected using this code? Motivate your
answer. (2 p)

5. As an “enemy” you have received a ciphertext C = 47, which you know is en-
crypted with an RSA public key cryptosystem where the public parameters are
n = 143 and e = 7. Use your knowledge about the design of RSA encryption
systems crack the encryption and decipher this message! (10 p)


