
Tentamen Signal Analysis, 29/10/03, room 11.0080, 9.00-12.00

Please write your name and student number on each sheet; answer either in Dutch or English.

Question 1

a. The function )(th  is the convolution of the functions 
2

2)( ttetf −−=  and tetg −=)(  for 0≥t  and

0)( =tg  for 0<t . Sketch the functions f and g, explain in a graph how f and g are convolved, and sketch

the resulting )(th .

b. Show formally that )}({2)}({ tkiftk FF π=′ , with F  denoting a Fourier transformation, and )(tk ′
is the time derivative of a function )(tk .

c. Calculate the Fourier transform of the functions )(tf , )(tg , and )(th  defined in a.

(You may want to use 
22 )(}{ ft ee ππ −− =F )

Question 2
a. Define the Dirac delta function )(tδ  as the limit of a rectangular pulse, and show, using that definition,

that ∫
∞

∞−
−= ττδτ dtxtx )()()(  for arbitrary functions )(tx .

b. A linear time-invariant system has a response )(th  to a delta function as input. Show that the response

)(ty  to an arbitrary input function )(tx  can be written as a convolution.

c. The impulse response of a linear time-invariant system is τ/)( tteth −=  for 0≥t  and 0)( =th  for

0<t . Calculate the output )(ty  to an input signal )2sin()2cos()( 21 tftftx ππ += . Hint: you may
calculate this via the frequency domain; simplifying the resulting complex exponentials to real functions is
not necessary.
d. The input to the system defined in c is now a stochastic signal )(tx  with power spectral density

)()()( 21 fffffS xx −+−= δδ . Calculate the power spectrum of the output.

Question 3
a. A random variable X  has a probability density function (pdf) π/1)( =xpX  for 2/2/ ππ ≤≤− x  and

0)( =xpX  elsewhere. Draw the cumulative distribution function of X, and calculate the variance of X.

b. The random variable X is transformed into a random variable )(XfY = . Show, using the cumulative

distribution functions of X and Y, that dxxpdyyp XY )()( =  for a monotonously increasing function

)(Xf , and that dxxpdyyp XY )()( −=  for a monotonously decreasing function )(Xf . Note that this

implies )()( xp
dy

dx
yp XY = .

c. If )cos(XY = , calculate and draw the pdf of Y, given the pdf of X as defined in a.

Question 4
A stationary stochastic signal )(tx  is embedded in additive noise )(tn : the measured signal )(ty  is given

by )()()( tntxty += . The filter that optimally (in the least-squares sense) recovers the signal )(tx  from

the measured signal is known as the Wiener filter, given by )(/)()( fSfSfH yyxy= , with )( fS xy  the

cross spectral density of x and y, and )( fS yy  the power spectral density of y. Suppose that the cross

correlation of x and n 0)( =τxnR , then find the Wiener filter if the autocorrelations of x and n are given by
2

)( ττ −= AeRxx  and )()( τδτ NRnn = , with A and N constants. Calculate the power spectral density of the

output of this Wiener filter when the input is the measured signal, and discuss for which frequencies it
produces a good estimate of  the power spectrum of x.


