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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:
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(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) = 2 cos 10ω0t+ sinω0t, where ω0 = 1.

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

(10 points)



Problem 2
Johan and Marie are having a mobile telephone discussion about what to do tonight.
Marie sends Johan an SMS with the text “Shall we go to a film tonight?”. Johan finds
texting hard, and he happens to see the word “YES” on a bottle of soap. So he photographs
the “YES” with his mobile and sends the photo to Marie. The telephone service provider
needs to collect 1 krona for each 500 kbits that the telephones carry.

(a) Make reasonable assumptions about the conversion of letters to bits, and estimate
the approximate bits in Marie’s SMS. What is the cost of sending these bits?

(3 points)

(b) Suppose the camera in Johan’s mobile creates a low definition color picture consist-
ing of 100 lines. Once again, making reasonable assumptions, estimate the bits in
his picture. What is the cost of sending these bits? (4 points)

(c) Marie doesn’t think Johan’s joke is very funny, so she calls him up and tells him so.
The conversation takes 20 seconds. Assume that voice calls consume 10 kbits per
second at each telephone. How much does each have to pay for the 20 seconds?

(3 points)

(Total 10 points)

Problem 3
Consider the two pulses g1(t) and g2(t), each with width 0.2 s and scaled to have unit
energy.

Problem 2: Consider a sonar surveillance system for tracking submarines in the ocean. 100
floating sensors are to be spread around the Norwegian Sea. These will listen for submarine
sounds, digitize what they hear, and send the bits to a common satellite, which will relay all
of them to the ground.

a) Suppose sounds in the range 0-50 Hz are to be recorded. The signal-to-noise ratio (SNR)
is to be at least 30 dB. Estimate the minimum total system bit rate in bits/s. Obs! Show
your calculation method clearly.

b) This bit rate is considered to be too high. A wider-band system with lower SNR is to be
tried. Now the range is 0-100 Hz, at SNR at least 20 dB. What is the new minimum total
bit rate?

c) Every sensor has its own separate radio signal to the satellite. The main spectrum parts
of these signals should not overlap, and the modulation is BPSK. Give a rough estimate
to the total radio spectrum width that is required in b).

(10 points)

Problem 3: Consider the two pulses g1(t) and g2(t), each with width 0.2 s and scaled to have
unit energy.
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a) Give a rough sketch of the two Fourier transforms G1(f) and G2(f). Give both amplitude
and phase. You need not calculate actual values, but show approximate sizes in Hz and the
comparative sizes of outer spectral regions (sidelobes). Make any special properties clear.

b) Now form the two modulated signals h1(t) = g1(t) cos 2π50t and h2(t) = g2(t) cos 2π50t.
As above, sketch the two approximate transforms of these. Follow similar guidelines.

c) Which pulse, g1(t) or g2(t), would you use for digital radio modulation? Give reasons!

d) This method is used to send 1000 bits/s, where each bit is represented by ±1. What is the
approximate bandwidth of the radio channel?

e) Draw the pulse signal (without cosine multiplication and using your answer to c)) which
sends +1, +1,−1, +1.

(10 points)

(a) Give a rough sketch of the two Fourier transforms G1(f) and G2(f). Give both
amplitude and phase. You need not calculate actual values, but show approximate
frequencies in Hertz and make clear the relative sizes of the outer spectral regions
(side lobes). Make any special properties clear. Use approximations and properties
that we discussed in class. (3 points)

(b) Form the two modulated signals h1(t) = g1(t) cos 2π50t and h2(t) = g2(t) cos 2pi50t.
As above, sketch the two approximate transforms of these. Follow similar guidelines.

(3 points)

(c) Which pulse would you use for digital radio modulation? Give reasons! (2 points)

(d) Draw the pulse signal (without cosine multiplication) that sends −1,−1,+1. Use
your pulse from (c). (2 points).

(Total 10 points)



Problem 4
Consider the following binary sequence

000100101010001000101001000000001000100011110010000000010
100000000101001000000100101000001001001001000101100010000
000100000100100000111000000000111000100010001010010110000
000100010010010010000000110010100001100000010000110000000
110010000000110101000100010000000001010001100010000000010
11001000101100000001110010000100011110000110001110010000

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 dlog ne 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
Find a scheme for authentication of a situation with two plaintexts, Buy IBM and Sell
IBM, such that the probability for a successful impersonation attack is Pr(I) = 1/4 and
such that your scheme uses a minimum number of keys.

There is no requirement that your scheme should provide any secrecy, nor does it have
to provide any protection against substitution. However, you must state whether your
scheme provides screcy and find the probability Pr(S) for a successful substitution attack.

(10 points)


