
Written Exam
Information Transmission - EIT100

Department of Electrical and Information Technology
Lund University

2014-05-27
14.00 – 19.00

The exam consists of five problems. 20 of 50 points are required to pass.
Permitted aids: Pocket calculator, formula collection without any notes.

• Write your name and starting year on each page.

• Each solution must be written on separate sheets.

• Your solutions must clearly reveal your method of solution.
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1. Consider the following circuit:
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Figure 1: Circuit diagram

(a) Find the frequency function H(f). (3 p)

(b) Assume that the inductance is so low so it can be neglected for the considered
signals, find the impulse response h(t). (3 p)

(c) Find the output y(t) for the input x(t) = u(t). (4 p)

2. Two analog sensors have a bandwidth of 1000 Hz and 5000 Hz, respectively. The
aim is to use wireless transmission for the sensor data using as little bandwidth
as possible.

(a) What would be a suitable sampling rate? Motivate your answer. (2 p)

(b) If the analog-to-digital converter uses 12 bits/sample, what would the total
data rate be? (2 p)

(c) Assume that 4-QAM is used and that channel coding with a code rate of
R = 1/3 is used. What is the smallest bandwidth that can be used (without
creating intersymbol interference) for the transmission? Motivate clearly. (6 p)

3. Consider communication from the ground with an airplane at an altitude of
10 000 m using a frequency of 3 GHz. At the ground station a dish antenna with
an effective area of 2λ2 is used, while at the airplane a dipole antenna with 3 dBi
antenna gain is used. The noise temperature at the receiver is 1000 K and the
transmitter uses 1 mW output power. Bolzmanns constant is 1.38 · 10−23, the
weather is sunny but windy and the bandwith used for transmission is 1 MHz.

(a) What is the expected received power level in dB[W]? (3 p)

(b) What is the expected noise power in dB[W]? (3 p)

(c) What is the expected SNR in dB? (2 p)

(d) Assume we use a dish antenna with a diameter of 15 cm at the ground
station (and the dipole antenna at the airplane), how is the SNR affected if
we double the carrier frequency? Motivate your answer. (2 p)
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4. Peter observes cars and wants to send messages to Petra about the car just
passing by using as efficient source coding as possible. Peter sends a message
with one brand at the time in a continuous fashion and knows only 5 cars: Volvo,
Toyota, BMW, Peugeot, Ford. The probability of transmission of the different
brands are the following:

Car P (Car)
Volvo 0.33
Ford 0.10
Peugeot 0.15
BMW 0.20
Toyota 0.22

Table 1: Observed cars and their associated probabilities

(a) What is the uncertainty of each transmission? (3 p)

(b) Derive an efficient bit representation for the transmission using using as few
bits as possible on the average for the transmission. Different number of
bits lengths are allowed if this increases the efficiency. (5 p)

(c) What is the average number of bits per transmission using your bit repre-
sentation and how far are you from the optimum representation? (2 p)

5. Consider the rate R = 1/2 convolutional encoder shown below.

+

+

+

v1

v2
u

Figure 2: Convolutional encoder

(a) How would the information sequence u=0 1 1 0 0 0 be encoded? (3 p)

(b) Use the Viterbi algorithm to decode the received sequence
r =10 01 00 10 00 11 (5 p)

(c) What is the free distance of this code? Motivate your answer. (2 p)


