
Problem 1 

The pulse {;;, 0 5 t c T/2 
~ ( t )  = 

elsewhere 

is used to construct the periodic waveform 

From this latter waveform we produce the stochastic processes 

where 0 is uniformly distributed on the interval (0, TI. 

a) Sketch a possible realization of X ( t ) .  

b) Is this process wide-sense stationary? Why or why not? 

c) Calculate the mean value of the process. 

-, d) Calculate the autocorrelation function RXX (7). 

.-, e) Determine and sketch the probability distribution function of .X(t). 

f) Determine and sketch the probability density function of .X(t). 

Problem 2 

Consider the so-called AMI-NRZ (AMI=Alternate Mark Inversion) binary coded ran- 
dom data sequence with rate 1/T; the binary digits are selected with equal probability 
and independent of each other. The coding alphabet is A[n] E (-1, 0, 1). A binary 
"0" is always converted into A[n] = 0 and the binary "1"-s are alternately converted 
into A[n] = -1 and A[n] = 1. The signaling pulse p(t)  is defined by: 

1, O < t < T  
~ ( t )  = 

0, all other values of t 

and the data signal is written as 

where O is uniformly distributed on the interval (0, TI. 

a) Sketch the data  signal for the bit sequence { -  . . , I ,  0 ,1 ,1 ,0 ,0 ,0 ,1 ,  0,1,  . . ). 

From now on consider infinitely long data sequences. 



b) Calculate the autocorrelation sequence RAA[m] = E [ A [ ~ ]  - A[n + m]] for an 
infinitely long sequence. 

c) Determine the Fourier transform of the pulse p(t). 

d)  Calculate the spectrum of this random data signal X ( t ) .  Describe its features. 

e) Determine and sketch the probability distribution function of the data signal 

X ( t > .  

f) Determine and sketch the probability density function of the data signal X(t) .  

Problem 3 

A video signal of bandwidth 5 MHz is transmitted over a cable link of distance 20 km; 
the video source may be considered as noise-free. The loss of the cable is 30 dB/km. 
The effective noise temperature of the receiver is To, and so is the physical temperature 
of the cable. 

a)  Calculate the transmitted power needed when the span has to be abridged with- 
out any repeater and the required receiving SIN = 40 dB. Comment on your 
calculated result! 

A "Section" consists of a piece of cable with loss L in cascade with an amplifier with 
gain G, which offsets the loss of the piece of cable. The amplifier has a standard noise 
figure of F. 

b) Calculate the standard noise figure of ,a Section and based on that the standard 
noise figure of the cascade of K of these Sections, expressed in G, L, F, and K. 

c) Now suppose that in the total link is split up in sections of 0.5 km. The standard 
noise figure of the amplifiers amounts to 1.5 dB. 
Calculate the transmit power and the total power for the link for the same re- 
ceiving SIN.  Once more comment on the result! 

Problem 4 

The signal x(t) is defined as 

A, 0 5 t < T/2 

-A, T/2 5 t < T 
0, elsewhere 

This signals is disturbed by wide-sense stationary white noise with spectral density 

No12. 

a) Make a sketch of x(t). 

b) Sketch the impulse response of the matched filter for the signal in the noise, if 
the sampling moment to = T. 

c) Sketch the output signal y(t) of the filter. 

d) Calculate the signal-to-noise ratio a t  the filter output a t  t = to. 


