
Exam 'Introduction to Comm. Syst' (1251531. June 23"' 2011 from 8:45 to 12:15 UNIVERSITY OF TWENTE. 

Table 7-3 Bcs&ol Func:tlons cl tho First Kind, J,.,(ml 

r~ :.;..: ·- . -J ·:-~--~~-PaiD·., -~~,.--~~-~ 
J, J, '• '• J, '• J, '• J, J, Jae • /u J., J., J,. 

000 1.00 - - - - - - - - - ,,. 
o.n ... 0.12 -
05 ... 024 003 
LU on ... 0.11 DOl 
15 lUI ..,. O.lJ 0.06 001 
1.0 o.n 0 . .,1 OJ> 0.1) 001 

..., 2<1 0 "-'' 0.0 0.,. 0.!16 0.0~ -· 
u ·OM 050 0 ... , 0.21 om 001 ItO I 
J.O 0.16 O.l< 0.49 OJI 013 .... 001 

•• -0.40 -001 0.36 0.43 018 0.1:3 OOJ 1102 - - - ,-
J.O 0.11 ·OJ] O.QJ 036 O.l'J 026 0.13 O.M 0.01 - - -

- · j.A~ 0 -OJ.I 0.11 0.16 0-10 OJl 0.19 ""' OJlJ On I 
60 o.u -021 -CU-I 0.11 Ol6 OJ<> on '"' ... 002 
7Jl OJO 0.00 OJO -o.n o.l• OJ< OJ.I 0:!3 0.1} 0.06 0.02 
80 0.17 0'-1 -0.11 -029 -o ID 019 OJ.I UJ2 0.22 D.ll 0.06 001 
us 0 021 .... -02-' ·DU O.Q) 0.>1 O.J-1 021 0.11 0.10 OQJ 0.02 ..• -o.ao 021 0.14 -D. I! -r1n -006 020 OJI 0.11 011 0.12 """ DOl 001 

100 -on OJJI o.n 0.06 -on ·013 -001 o.n O_ll 0.29 021 tl12 006 DOl 0.01 

Problem 3: Sam(;!ling 

Consider the signal s(l) =cos( {IV), where fo = ro0 /(27r). This signal is sampled with a sampling 

frequency J, = (3 / 2)fo . 

a. Draw the spectrum of s(t) . 

b. Draw the spectrum of the sampled version of s(t). 

c. Draw the signal s(t) with the indication of the sampling points in the case of ideal sampling, 
that is, sampling using Dirac delta pulses. For simplicity, let one of the sampling points be at 
the time instant t = 0. 

d. Reconstruction can be performed by filtering the sampled signal with an ideal low-pass filter 
with cutoff frequency f,/2. Draw the filter response in the spectrum from Question b. 

e. Draw the signal at the output of the reconstruction filter. In this figure, draw again also the 
original sample values. 

What can you observe? Give an explanation. 

Problem 4: Baseband digital transmission 

A binary data signal uses the signal levels A, e {+1, -1) and is described by s(t) = 2: A,g(t- kT,) . 

' 
The bits At = +1 or A, = -1 are chosen with equal probability. 

For the pulse form g(l) we have: 
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g(O) =I 

g(T,)=3/4 

g(2T.) = 1/4 

g(kT,) = 0, fork> 2 and fork< 0. 

The signal s(t) is sampled at t = 0. 

a. Make a possible sketch of the pulse g(t) . 

b. What are the possible values of the signal s(t) at the sample moment and what is the 

probability for each value? (Assume that there is no noise). 

The signal y(l) = s(l) + n(l) is delivered to a detector. The noise n(t) is a sample function of a 

stationary process, with a triangular probability density function as shown in the figure below. 

1 i :,(a) 

~ 
·2 o +2 · a {t/J 

c. Which value for the threshold of the detector leads to optimal detection (that is, minimum 
error probability)? 

d. Make a sketch of the probability density function of the signal y(nT,), for each signal value 

found in the Question b. 

e. Calculate the bit error probability. 

Problem 5: Digital modulation 

Consider a coherent binary PSK system. Depending on the value of the bit to be sent, one of the 
following signals is transmitted: 

s1 (I)= A(~l- m' cos(m,t) + msin(ro,t)} 

s0 (1) = A(-~1-m' cos(m,t) + msin(ro,t)} 

The bit duration is Tb and O's and 1's are transmitted with equal probability and independently of each 

other. The signal Amsin(m,t) is constantly present with the aim to provide synchronization, and thus 

carries no information. There is no inter-symbol interference, and the disturbing additive noise is 
white and Gaussian with power spectral density No/2. 

a. Give the schematic of the optimal receiver. Please include, in addition to the signal detection 
section, also how the carrier can be locally generated. 

b. Explain the meaning of "the ... noise is white and Gaussian with power spectral density No/2." 

c. Determine the error probability of the optimal coherent system. 
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• Dutch students are strongly advised to present their answer sheets written in Dutch. If the English 
text of the problems is nat clear, please do not hesitate to ask far an explanation. 

• Keep your answers as short as possible, but be complete (make sure the procedure you used to 
obtain your result is clear). 

• Use drawings whenever possible, but clearly describe or indicate what the drawing and the 
different parts present. 

• The exam is open book. The reader, slides, class-notes, other study books, and calculators are 
allowed. A computer, cell-phone, or ather types of communication devices are NOT allowed during 
the exam. 

Problem 1: Media 

A radio link between two buildings employs a transmitting and a receiving antenna which are equal to 
each other. The radio link operates in the frequency band 1.3 GHz to 1. 7 GHz. The distance between 
the antennas is d = 250 m. The antennas are mounted on the two buildings, both at the same height 
of 10m from the ground, as shown in the figure . 

The antenna gain depends on the elevation angle 9 according to the following equation: 

G = 11.-~D = '1-o • 1.5sin2(9) 

where D is the directivity, and 17,1 is the antenna efficiency which, for the employed antennas, is 

equal to 0.9. The elevation angle for the two antennas is defined as shown in figure, with 9 = 90 deg 
being the horizontal direction. 
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The antennas are aligned in the direction of their maximum gain. The transmitted power spectral 
density Pr is constant over the band 1.3 GHz to 1.7 GHz and its value is 10·8 W/Hz. 

Questions: 
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a. Sketch the function PR (received power spectral density, in W/Hz) vs frequency, over the t 
of operation . Indicate on the graph the values of PR at 1.3 GHz and at 1.7 GHz (in 
calculation of the received power spectral density PR [W/Hz] as a function of frequency, 
consider power from direct line of sight, that is, do not consider reflections). 

Now consider that the ground acts as a reflective surface, creating a secondary path between the 
antennas. The power loss due to the reflection is 10 dB. Assume no phase shift is introduced by 
reflection. Consider only one secondary path: do not consider paths due to multiple reflections. 

b. Calculate the length of this secondary path, and the length difference compared to the dl 
path. 

c. Calculate the power received from the secondary path. 

Within the band of operation, at some frequencies the electric field from the secondary path will 
in phase with the one from the direct path, while at other frequencies it will sum in oppositio 
phose. This creates a variation of the received power with respect to frequency, compared to the 
of direct path only. 

d. What is the name of this phenomenon? 

e. Sketch the function of the total power spectral density at the receiver vs frequency, over 
band of operation, now including the effects of the secondary path. Indicate on the grap~ 
values of the local maxima and local minima and at which frequencies they occur. 

Problem 2: Analog modulation 

A 1kHz sinusoidal signal frequency modulates an FM carrier at 146.52 MHz with a frequency 
deviation of 5 kHz. Assume that the carrier amplitude Ar is 1 volt. 

a. Using Carson's rule, determine the bandwidth of the transmitted FM signal. 

b. In this bandwidth, specify exactly how many spectral components are contained. 

c. Using the supplied table of Bessel function values, make a clear sketch of the FM spectrum 
Show the amplitudes of each component. 

d. Using the above results, calculate the power contained in the FM signal in the Carson 
bandwidth as a percentage of the total transmitted power. 
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