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• 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.

• We will publish the results of this exam on our www-page. Only the names and
grades of those who passed will be published. MARK ON THE COVER OF
YOUR SOLUTIONS WHETHER YOU ACCEPT OR NOT ACCEPT THAT
YOUR NAME WILL BE PUBLISHED.

GOOD LUCK!
Note that the problems are not sorted according to their difficulties, but according to the
ordering of the chapters in the textbook.

Problem 1
Consider the following circuit:

+

−

+

−

x(t) y(t)

1 Ω

1H

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

(b) Find the impulse response h(t).

(c) Find the output y(t) for the input x(t) = 1
2
sin ω0t + cos 2ω0t, where ω0 = 1.

(d) Find the output y(t) for the input x(t) = u(t).

(10 points)



Problem 2
A radio station wishes to set up a digital communications link suitable for remote broad-
casts with a reasonable quality level. Compact disk quality is not required. The specifi-
cations are: Stereo sound, audio bandwidth 0–7 kHz, signal to noise ratio 50 dB.

(a) What is a reasonable sampling rate for this system. (3 points)

(b) Using the “6 dB Rule”, estimate how many bits per sample are required. (3 points)

(c) Estimate the total bit rate for the system in bits per second. (3 points)

(d) In class we gave simple, rough estimates of the radio bandwidth that is consumed by
binary digital modulation. Use these to estimate an approximate radio bandwidth
for the transmission. (1 point)

(10 points)

Problem 3
This problem is about communication with other solar systems. Is it even possible? Let
us assume that space aliens send a 10 kHz wide radio signal.
In class, we learned some of the theory of Gaussian noise. Suppose a receiver sits in space
and can be frozen to absolute zero Kelvin. If its antenna is focused on dark space, the
noise received will be as if a resistor at 3 degrees K were placed across the receiver input.
This is because of the background microwave radiation in the universe.

(a) Using the Nyquist/Johnson noise theory, find the power of this noise in watts.
Assume the receiver has a bandwidth of 10 kHz. (2 points)

(b) Let us be generous. The space aliens send a 1 megawatt signal using a 3 cm trans-
mission wavelength. Both they and us use 100 m dish antennas. They are on the
nearest star, which is about 4 light years away. Using standard formulas, find the
signal-to-noise power ratio at the receiver input. (With such distances, a rough
answer is enough!) (3 points)

(c) Since it is unlikely that aliens would happen to live near this star, we extend our
search out 100 times, to 400 light years. (This is still a tiny fraction of the Milky
Way Galaxy). What is the signal-to-noise ratio now, for signals at distance 400 light
years? (2 points)

(d) What do you conclude from this calculation? If more signal-to-noise ratio were to
be needed, list two ways that it could be obtained, aside from simply increasing
power. (2 points)

(e) Communications engineers like to think in decibels. What are the answers to (b)
and (c) in terms of decibels? (1 point)

(10 points)



Problem 4
Consider the following binary sequence

00110010111100100011010100010100
01000000001000001011001000010000
01000011010010100000011001010010
10000001010100000100100100110010
00101000000001010001110101001010
00000011101000101101101011100010
10011000111010000100100101000010
001000011001111010001010010010100

generated by the LZW algorithm using the ASCII code described in the “Formelsamling”.
The addresses to the entries in the constructed table are represented as

0 ↔ 0i0
1 ↔ 0i1
2 ↔ 0i10
3 ↔ 0i11
4 ↔ 0i100
5 ↔ 0i101
6 ↔ 0i110
7 ↔ 0i111
8 ↔ 0i1000
9 ↔ 0i1001

10 ↔ 0i1010
11 ↔ 0i1011
12 ↔ 0i1100
13 ↔ 0i1101
14 ↔ 0i1110
15 ↔ 0i1111
16 ↔ 0i10000
17 ↔ 0i10001
18 ↔ 0i10010

etcetera

0i denotes a string of zeros
required to obtain an ad-
dress of �log n� bits.

Find the text that was compressed.
What is the compression ratio, that is, the ratio between the lengths of the compressed
and uncompressed binary strings?

(10 points)



Problem 5
Consider an RSA two-key cryptosystem with the public parameters n = 143 and e = 7.
Find the plaintext P corresponding to the ciphertext C = 47.

(10 points)


