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Unit IV 

 

Auto correlation 

1.  Find the autocorrelation function of the random process 

𝑋(𝑡) = 𝐴 sin(𝜔𝑡 + 𝜃) , 𝑤ℎ𝑒𝑟𝑒 A and 𝜔 are constants 

and 𝜃 is uniformly distributed in (0,2𝜋). 
 

2. X(t) and Y(t) are zero mean and stochastically 

independent random process having auto correlation 

function 𝑅𝑋𝑋(𝜏) = 𝑒−|𝜏| and 𝑅𝑌𝑌(𝜏) = 𝑐𝑜𝑠2𝜋𝜏 

respectively. 

(i) Find the A.C.F of 𝑊(𝑡) = 𝑋(𝑡) + 𝑌(𝑡) 

(ii) Find the A.C.F of 𝑍(𝑡) = 𝑋(𝑡) − 𝑌(𝑡) 

(iii) Find the cross correlation function of 

𝑊(𝑡) 𝑎𝑛𝑑 𝑍(𝑡). 
 

3. State and prove Wiener -Khinchine theorem. 

 

Relationship between 𝑹𝑿𝑿(𝝉)𝒂𝒏𝒅 𝑺𝑿𝑿(𝝎) 

 

4. Define spectral density of a stationary random process 

𝑋(𝑡).  Prove that for a real random process X(t), the 

power spectral density is an even function. 
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5. Find the power spectral density of the random process 

whose auto correlation function is 𝑅(𝜏) =

{
1 − |𝜏|     𝑓𝑜𝑟  |𝜏| ≤ 1

0,           𝑒𝑙𝑠𝑒𝑤ℎ𝑒𝑟𝑒
. 

 

 

6. Find the power spectral density function whose auto 

correlation is given by 𝑅𝑋𝑋(𝜏) =
𝐴2

2
cos(𝜔0𝜏). 

7. A random process {X(t)} is given by                      

𝑋(𝑡) = 𝐴𝑐𝑜𝑠𝑝𝑡 + 𝐵𝑠𝑖𝑛𝑝𝑡, where A and B are 

independent random variables such that 𝐸(𝐴) = 𝐸(𝐵) =
0  and 𝐸(𝐴2) = 𝐸(𝐵2) = 𝜎2. Find the power spectral 

density of the process. 

 

8. The auto correlation function of a random process is 

given by  𝑅(𝜏) = {
𝜆2                                |𝜏| > 𝜀

𝜆2 +
𝜆

𝜀
(1 −

|𝜏|

𝜀
)         |𝜏| ≤ 𝜀

.  Find 

the power spectral density of the process. 

 

 

9. The auto correlation function of a WSS process with 

autocorrelation function 𝑅(𝜏) = 𝛼2𝑒−2𝜆√|𝜏|, determine 

the power spectral density of the process. 

 

10. Determine the power spectral density of a WSS 

process X(t) which has an auto correlation 𝑅𝑋𝑋(𝜏) =
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{
[1 −

|𝜏|

𝑇
] , −𝑇 ≤ 𝑡 ≤ 𝑇

0       𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
.  Show that the process is mean 

ergodic. 

 

11. The power spectral density function of a zero mean 

WSS process {X(t)} is given by 𝑆(𝜔) =

{ 
1     |𝜔| < 𝜔0

    0      𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
.  Find 𝑅(𝜏).  Show that X(t) and 

𝑋(𝑡 +
𝜋

𝜔0
) are uncorrelated. 

 

12. Find the auto correlation function of the process 

𝑆𝑋𝑋(𝜔) = { 1 + 𝜔2    |𝜔| < 1
    0      𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

 

 

13.  Find the cross correlation {X(t)} and {Y(t)} whose 

cross power spectrum is 𝑆𝑋𝑌(𝜔) =

{
𝑝 +

𝑖𝑞𝜔

𝐵
;  −𝐵 < 𝜔 < 𝐵

0       𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

 

14. Find the cross correlation {X(t)} and {Y(t)} whose 

cross power spectrum is 𝑆𝑋𝑌(𝜔) = {
𝑎 + 𝑗𝑏𝜔; |𝜔| < 1
0       𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

. 
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15. If the cross correlation of two processes {X(t)} and 

{Y(t)} is 𝑅𝑋𝑌(𝑡, 𝑡 + 𝜏) =
𝐴𝐵

2
[𝑠𝑖𝑛𝜔0𝜏 + 𝑐𝑜𝑠𝜔0(2𝑡 + 𝜏)] 

where A,B,𝜔0 are constants.  Find the cross power 

spectrum.  
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 Unit V 

 

 

1. Prove that, if the input to a time – invariant, stable linear 

system is a WSS process, then the output will also be a 

WSS process. 

 

2. Prove that (i) 𝑅𝑋𝑌((𝜏) = 𝑅𝑋𝑋(𝜏) ∗ ℎ(𝜏) (ii) 𝑅𝑌𝑌((𝜏) =
𝑅𝑋𝑌(𝜏) ∗ ℎ(−𝜏)  (iii) 𝑆𝑋𝑌(𝜔) = 𝑆𝑋𝑋(𝜔)𝐻(𝜔)   

(iv) 𝑆𝑌𝑌(𝜔) = 𝑆𝑋𝑌(𝜔)𝐻∗(𝜔)  (v) 𝑆𝑌𝑌(𝜔) =
𝑆𝑋𝑋(𝜔)|𝐻(𝜔)|2 

 

3. X(t) is the input voltage to a circuit and Y(t) is the output 

voltage. {X(t)} is a stationary Random process with 

𝜇𝑋 = 0 and 𝑅𝑋𝑋(𝜏) = 𝑒−𝛼|𝜏|.  Find 𝜇𝑌, 𝑆𝑌𝑌(𝜔) and 

𝑅𝑌𝑌(𝜏), if the power transfer function is 𝐻(𝜔) =
𝑅

𝑅+𝑖𝐿𝜔
. 

 

4. An LTI system has an impulse response ℎ(𝑡) =
𝑒−𝛽𝑡𝑢(𝑡). Find the output autocorrelation function 

𝑅𝑌𝑌(𝜏) corresponding to an input X(t). 
 

5. Assume a random process X(t) is given as input to a  

system with transfer function 𝐻(𝜔) =1 for                  

−𝜔0 < 𝜔 < 𝜔0.If the autocorrelation function of the input 
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process
  𝑁0  

 2 
 𝛿(𝑟).  Point out the autocorrelation function 

of the output process. 

 
6. Let X(t) be a stationary process with mean 0 and 

autocorrelation function 

𝑒−2|𝑐|. If X(t) is the input to a linear system and Y(t) 

is the output process , Calculate (i) E[Y(t)] (ii) SYY() 

and (iii) RYY(|𝑟|), if the system function 𝐻(𝜔) =
    1    

𝜔+2𝑖
. 

 

7. A wide sense stationary random process {X(t)} with 

autocorrelation RXX(𝜏) =  , where A and a are real 

positive constants, is applied to the input of a linear 

transmission input system with impulse response 

ℎ(𝑡) = 𝑒−𝑏𝑡 𝑢(𝑡) Where b is a real positive constant. 

Give the power spectral density of the output Y(t) of the 

system.  

 

8. A linear system is described by the impulse response 

. Assume an input process whose 

autocorrelation function is 𝐵𝛿(𝜏).Point out the mean and 

autocorrelation function of the output function. 

 
9. If  is a band limited white noise centered at a carrier 

frequency 𝜔0 such that 
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𝑆𝑁𝑁(𝜔) = {

𝑁0

2
,      |𝜔 − 𝜔0| < 𝜔𝐵 

0,            𝑒𝑙𝑠𝑒𝑤ℎ𝑒𝑟𝑒                       
 

Identify the auto correlation function of N(t). 

 

10. Let X(t) be the input voltage to a circuit 

system and Y(t) be the output voltage.If X(t)is a 

stationary random process with mean 0 and 

autocorrelation function RXX(𝜏) =   . 
Identify 
(i) E[Y(t)] 

(ii) SXX() and 

The spectral density of Y(t) if the power transfer function 

𝐻(𝜔) =
    𝑅    

  𝑅 + 𝑖𝐿𝜔  
 

 

11. A  random process X(t) is the input to a linear system 

whose impulse function is ℎ(𝑡) = 2𝑒−𝑡 , 𝑡 ≥ 0. The auto 

correlation function  of the process is 𝑅𝑋𝑋(𝜏) = 𝑒−2|𝜏|. 
Find the power spectral density of the output process 

Y(t). 

 

12. Find the power spectral density of a random telegraph 

signal. 

 

13. If X(t) is the input voltage to a circuit and Y(t) is the 
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output voltage. {X(t)} is a stationary random process 

with 𝜇𝑥 = 0 and 𝑅𝑋𝑋(𝜏) = 𝑒−2|𝜏|.  Find the mean 𝜇𝑦 and 

power spectrum 𝑆𝑦𝑦(𝜔) of the output if the system 

transfer function is given by𝐻(𝜔) =
    1     

  𝜔+2𝑖  
. 

 

14. If X(t) is the input and Y(t) is the output of the system. 

 The autocorrelation of X(t) is  𝑅𝑋𝑋(𝜏) = 3. 𝛿(𝜏). Find 

the power spectral density, autocorrelation function and 

mean square value of  the output Y(t) with 𝐻(𝜔) =
    1    

6+𝑗𝜔 
 

 

15. Analyse the mean of the output of a linear system is 

given by 𝜇𝑌 = 𝐻(0)𝜇𝑋 , where X(t) is a WSS. 


