
Written Exam
Information Transmission - EIT100

Department of Electrical and Information Technology
Lund University

2016-06-03
8.00 – 13.00

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.
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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) What is the impulse response h(t). (3 p)

(c) Find the output y(t) for the input x(t) = 3(u(t) − u(t− 2)). (4 p)

2. In the current 5G standardization there is a focus on mm wave systems, where
28 GHz carrier frequency is used instead of 2.6 GHz as in 4G (LTE)

(a) From a cellular communications perspective, state two main advantages of
using this high frequency, clearly motivate your answer. (2 p)

(b) From a cellular communications perspective, state two main disadvantages
(challenges) using this high frequency, clearly motivate your answer. (2 p)

(c) Assume that two wireless units communicate at 28 GHz with a data rate
of 100 Mbit/s. The antenna gains are 13 dBi and 7 dBi at the receiver
and transmitter, respectively, the output power is 20 dBm, the Doppler
frequency is 20 kHz, the bandwidth is 100 MHz, the bit error rate is 10−6,
Boltzmann’s constant is 1.28 ∗ 10−23, the noise temperature is 1500 K, the
noise factor is 7 dB the weather is sunny and free space conditions apply.
If the demodulator needs a SNR of 10 dB to work properly, what is the
maximum range for reliable communication? Make reasonable assumptions
if there is information missing and clearly motivate your choice. (6 p)

3. A company is trying to develop an effective radio that transmits using simple
on-off keying (i.e. only one bit can be transmitted at each symbol time). For
this radio to function properly a block code must be effectively implemented.
The company has developed two block codes and needs you determine which one
their radio should use. Here are the two different block codes which have been
developed:

Code A Code B
Data words Code words Data words Code words

00 000 00 00000
01 011 01 01011
10 101 10 10101
11 110 11 11110

To better understand each block code, the employer needs you to determine a
few key facts about this each code. Remember to motivate your answers well.
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(a) Are either of these block codes non-linear? (1 p)

(b) Find the hamming distances for each of the block codes. (1 p)

(c) What is the rate of each block code, how many errors can each of these
schemes detect, how many errors can be corrected? (2 p)

(d) You decided to implement and test both codes to see how they perform in
a noisy environment. Receiver 1 is using block code A and receives the bits
001. Receiver 2 is using block code B and receives the bits 01001. Where
any errors detected by either receiver? If it is assumed there are less than
two errors in the received code word for Receiver 1, and less than 3 errors
in the received code word for Receiver 2, can either receiver determine what
code was transmitted? If so what was the received data word from each
receiver? (3 p)

(e) You now know a great deal about each block code, you now go back to the
company and must tell them a scenario where each code should be used.
Provide a scenario in which block code A would outperform block code B,
provide a second scenario in which block code B would outperform block
code A. (3 p)

4. Consider an RSA public key crypto system with the public parameters n = 221
and e = 23.

(a) Encrypt the plaintext P = 24 (3 p)

(b) Find the plaintext P corresponding to the the ciphertext C = 80. Hint: one
of the factors of n is q = 13. (7 p)

5. Consider a deck of cards where you have got 4 spades at hand, and you do not
know anything about the other cards.

(a) What is the uncertainty (entropy) about the next card you get? (2 p)

(b) What is the uncertainty (entropy) of the color of the next card? (2 p)

(c) How much information about the next card do you get if the dealer says it
is another spades? (3 p)

(d) How much information about the next card do you get if the dealer says it
is red? (3 p)


