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Exam 'Introduction to Communication Systems', June 281
h 2012 from 8:45 to 12:15 UNIVERSITY OF TWENTE. 

Course code 191251530 & 201000236 
The exam is open book. Please, answer the questions as short as possible, but completely. Don't 
hesitate to present a drawing if this can elucidate the answer. The answers can be given in Dutch or 
English. 

Problem 1: Media 

a. Give the definitions of: 

• an isotropic radiator as transmit antenna 

• the gain of a transmit antenna 

• the effective area of a receive antenna 

Two isotropic antennas are installed in free-space, of which one transmits a signal with a wavelength of 

3 em and a total power of I 0 m W, and the other one receives the transmitted signal. The distance 

between the antennas is I 0 km. 

b. Calculate the received signal power. 

The two isotropic antennas are replaced by two dishes, which are oriented towards each other. The 

other conditions remain unchanged. The two dishes are microwave antennas using a parabolic reflector 

with an opening area of 1 meter in diameter. 

c. Derive the gain ofthese parabolic antennas. 

d. Calculate the increase in dB ofthe received signal power. 

Problem 2: Optical fiber 

Given a step index fiber, which is used to guide a signal with a wavelength of about 1550 nm. The 

diameter of the core is 5 11m. The refractive index n 1 ofthe core is 1.5. The refractive index n2 of the 

cladding is 1.497. 

a. Is this a multi-mode or single-mode fiber? 

We change the core diameter of the fiber to 50 11m. 

b. Is this a multi-mode or single-mode fiber? Next, derive the formulas for the acceptance 

angle and critical angle of this fiber and calculate the corresponding values. 
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c. If we want to increase the acceptance angle ofthis fiber by a factor of2 and we only change 

the value of n2, then what value does n2 become? 

d. Does this fiber have disadvantages compared to the original one? 

Problem 3: Analog modulation 

A CW modulation system uses the carrier s(t) = Accos(coct+8c), and the modu lating signal is given by 

m(t). 

a. Give the time-domain expressions ofthe modulated signals for AM, FM and PM systems. 
Assume that in all three systems m(t) multiplies with a constant k. 

b. Describe the concepts of AM, FM and PM briefly, but as accurate as possible, and explain 
what in general the influence of k is . 

c. In the case of AM, the modulating signal m(t) has a spectrum that spans from 10 to 
20,000 Hz. Make a sketch of both the modulating and modulated signals in time and 
frequency domain . 

d. Show that in the case of PM the bandwidth of the modulated signal depends on the value of 
k. You can assume that m(t) is a sinusoid signal. 

e. In case of FM we take m(t)=3cos(2n I 04 t) , coc=2n1 06 Hz and k=(3 /2).10-4
. Determine the 

"frequency deviation" and "modulation index" . What are the significant frequency 
-./ 

components and their relative values? 

Problem 4: A/D conversion 

A flat-top sample-circuit has the fol lowing properties: 

Sample-periode: Ts = 0.4 s. 

Pulse duration: • = 0.1 s. 

The information signal has a bandwidth of 1 Hz. 

I 
a. Calculate the distortion for the highest frequency as a result of the aperture-effect. 

9 Determine the amplitude of the transfer function of a circuit that corrects for this aperture 
effect. 

Problem 5: Digital baseband 
In a binary baseband communication system the following pulses are sent v0(t)= -A(2t/1 o-6

) V and 

Vt(t)~IT~: wcr~:)n:y "0" is represented by vo(t) and a binary"[ " by Vt{t). In the 
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transmission channel no distortion occurs but only loss. The bit rate is 1 Mb/s. A matched filter is used 

before detection. The definition of A(t) and IT(t) are given by 

i\(t) = f1 - t, for 0 < t s; 1, n(t) = {o1', · ll + t, for - 1 < t s; 0. 

a. Does intersymbol interference occur? 
/ 

/ b. Make a sketch of the impulse response of the matched filter. 

for ltl ~ 1/2, 
forltl > 1/2. 

Suppose the loss in the transmission channel is 40 dB and the noise is stationary, white Gaussian noise 

with power spectral density N0/2 . The guaranteed a bit error rate is 1 o-6 
. 

0 , What is the maximum value of the spectral density ofthe noise? 

Problem 6: Digital modulation 

In the case of a binary PSK signal the following signal set is used: 

s0(t)=Acos(2nfot-n/4) , when ak=O, 

s 1 (t)= A cos(2nfot+n/ 4 ), when ak= l. 

The bits ak= O and ak= 1 have equal probability of appearance. At the receiver side the signal s(t) is 

disturbed by stationary noise n(t). This noise n(t) is a sample-funtion of a white Gaussian process with 

average value of zero and spectral density of N0/2. The PSK signals are coherently detected. 

a. Sketch the scheme ofthe optimal receiver. 

b. Show the signal constellation of s0(t) and s 1 (t) in the signal space that is dimensioned by 

cos(2nfot) and sin(2nfot) . 

c. Calculate the bit error rate of this receiver, expressed in the symbols A, Tb (bit duration) and 

No. 

d. Calculate the bit error rate, expressed in Eb (the average energy per bit) and No and compare 

this bit error rate with that in the case of reversed-phase (180 degree) modulation. 

TELECOMMUNICATION 
ENGINEERING 

-END-

Page 3 of3 


