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Final Exam 
EEL 5542 – Fall 2002 

 
Instructor: Georgios C. Anagnostopoulos, Ph.D. 

 
 
 
 
 
 
Please PRINT the following entries: 
 
        TODAY’S DATE:______________ 
               (please write today’s date) 
 
 
FIRST NAME: ________________________________________________ 
         (please PRINT your first name) 
 
 
LAST NAME:  ________________________________________________ 
         (please PRINT your last name) 

 
 
YOUR SSN:  ________________________________________________ 
         (please write your SSN) 
 
 
YOUR EMAIL: ________________________________________________ 
         (please PRINT your email address)  
 
 
MAJOR:  ________________________________________________ 
          (please PRINT your major – please NO ACRONYMS) 
 
 
 
If you are a graduate Electrical Engineering student, 
are you specializing in the area of Communications?:________________________________ 
                   (please PRINT YES or NO) 
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Instructions 
 
 
First of all, take a deep breath and relax. It won’t be that hard! 
 
 
This Final Exam consists of two parts. The first part titled CONCEPTS contains some true/false 
questions and some other ones that are simple questions and which require a short answer. The 
purpose of this part is, first, to warm you up and, secondly, for me to evaluate how well you have 
understood some important concepts related to probability, random variables and random 
processes. The points you will gain for each question is clearly indicated. Notice, that not all 
questions carry the same credit. 
 
The second part of the Exam, titled PROBLEMS, contains 5 problems, so I can assess your 
course-related, analytical skills that you have developed during this last semester. The problems 
are manageable and are much easier than the ones that were part of the Midterm Exams. Each 
problem is worth 20 points. Notice, that parts of the same problem may not be equally weighted. 
At the end of this handout you will find some Fourier Transform related tables that might turn 
out useful to you. 
 
In each part of the Final Exam you will find specific instruction. Please, follow them! 
 
Moreover, this Final Exam is closed book and its duration is 2 hours and 50 minutes. You may 
use any notes you have taken during the class and the cheat-sheet that you have (hopefully) 
prepared. Make sure you don’t loose this cheat-sheet, since it may become useful to you in case 
you have to take the Electrical Engineering Qualifying Exams in the future. 
 
 
And now the good news… 
Don’t waste your time counting the total points of this exam. They are actually more than 100!!! 
To be more specific, if you answer everything correctly, you can get up to 130 points. The extra 
30 points will be counted as extra credit with weight 35% of your total grade!   
 
 
 
Finally, let me know if you have any questions.  
 
 
 
GOOD LUCK! 
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CONCEPTS 
 
Instructions 
The CONCEPTS part consists of two segments. The first one has true/false questions. For each 
question circle either TRUE or FALSE but not both. In the second segment for each question 
you need to provide a short but sufficient answer. Write your answer below each question.  
Total points from Concepts: 30 
 
 
I. True/False Questions 
 
1) Two mutually exclusive events are always independent. (1 point) 
 
 
TRUE    FALSE 
 
 
2) Two independent events are always mutually exclusive. (1 point) 
 
 
TRUE    FALSE 
 
 
3) For events A, B and C we have that Pr{A∩B∩C}=Pr{A} Pr{B} Pr{C}. Are these events 
mutually independent? (1 point) 
 
 
TRUE    FALSE 
 
 
4) Let )(xFX be the CDF of X. If 25.0)( 1 =xFX and 5.0)( 2 =xFX  for some x1 and x2, then it may be 
the case that x2< x1. (1 point)   
 
 
TRUE    FALSE 
 
 
5) Let )(xf X be the PDF of X. If 25.0)( 1 =xf X and 5.0)( 2 =xf X  for some x1 and x2, then it may be 
the case that x1< x2. (1 point)   
 
 
TRUE    FALSE 
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6) The conditional joint PDF )1|,( >Yyxf XY is always equal to zero for y≤1. (1 point)  
 
 
TRUE    FALSE 
 
 
7) Two dependent random variables X and Y have marginal PDF’s that are Gaussian. Are X and 
Y also jointly Gaussian? (1 point) 
 
 
TRUE    FALSE 
 
 
8) The joint PDF of X and Y is given as )(),( 2 yxuCeyxf yx

XY −= −− . Therefore, X and Y are 
mutually dependent. (1 point)  
 
 
TRUE    FALSE 
 
 
9) A random process with independent increments is not also a process with stationary 
increments. (1 point) 
 
 
TRUE    FALSE 
 
 
10) A random process with stationary increments is not also a process with independent 
increments. (1 point) 
 
 
TRUE    FALSE 
 
 
11) Two jointly Gaussian random processes X(t) and Y(t) are uncorrelated. Then, are they also 
independent? (1 point) 
 
 
TRUE    FALSE 
 
 
12) Two jointly Gaussian random processes X(t) and Y(t) are independent. Then, they are also 
uncorrelated? (1 point) 
 
 
TRUE    FALSE 
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13) The autocorrelation function )(τXR of a WSS random process X(t) is always an even function 
of τ. (1 point) 
 
 
TRUE    FALSE 
 
 
14) A random process X(t) may be WSS, even if E{X3(t1)X2(t2)} is not only a function of t2-t1. (1 
point) 
 
 
TRUE    FALSE 
 
 
15) A random process X(t) may be WSS, even if E{X3(t1)X2(t2)} is a function only of t2-t1. (1 
point) 
 
 
TRUE    FALSE 
 
 
16) The power spectral density )( fS X of a WSS random process X(t) is always an odd function of 
f. (1 point) 
 
 
TRUE    FALSE 
 
 
 
 
 
 

<END OF TRUE/FALSE QUESTIONS> 
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II. Questions with short answers 
 
1) Let X be a random variable distributed uniformly in [0,1]. In this case we know that 
Pr{X=2}=0 and Pr{X=0.5}=0, although X can take the value 0.5. How would you explain to 
somebody that has not taken a course in Probability/Random Variables what the difference is 
between the events {X=0.5} and {X=2}? (2 points)  
 
 
 
 
 
 
 
 
 
 
2) If a random variable X takes only the value X=-1, then =)(xf X ? (2 points) 
 
 
 
 
 
 
 
 
 
 
3) Under which strict condition does it hold that Pr{a<X<b}=Pr{a≤X≤b} for a random variable 
X that takes values in (-∞,+∞)?(2 points) 
 
 
 
 
 
 
 
 
 
 
4) Let X(t) be a WSS random process with 3)(lim =

∞→
τ

τ
XR . Then, E{X(t)}=? (2 points) 
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5) What are the sufficient conditions for a system to generate a WSS random process Y(t), if it 
responds to an input that is a WSS random process X(t)? (2 points) 
 
 
 
 
 
 
 
 
 
 
6) Two random processes X(t) and Y(t) are orthogonal. Under which sufficient conditions X(t) 
and Y(t) are mutually independent? (2 points)  
 
 
 
 
 
 
 
 
 
 
7) If you randomly select the answers from the true/false question segment above, what is the 
probability that you will score more than 10 points? (2 points)     

 
 
 
 
 
 
 
 
 
 

<END OF SHORT ANSWER QUESTIONS>
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PROBLEMS 
 
Instructions 
Start each problem on a new page, where you mark clearly to which problem you are referring. 
Also, mark clearly the part of the problem you answer. 
Show your work in detail and explain all your answers. 
Circle your final result in each part/problem. 
Total points from Problems: 100 
 
 
 
Problem 1 (20 points total) 
 
Box 1 contains 3 black balls and 2 white ones, while box 2 contains 3 white and 2 black balls. 
Consider the following experiment: A fair coin is flipped. If the outcome is heads we randomly 
remove one ball from box 1, otherwise we randomly remove one from box 2. In either case, the 
ball is removed permanently from the box. Next, we toss the coin for a second time. If the 
outcome is heads we pick at random a ball from box 1, otherwise one from box 2. 
 
Now, assume that we actually perform the above experiment. We flip the coin the first time, 
remove a ball from the appropriate box and then we toss the coin a second time and we pick 
again a ball from the appropriate box. Assume, that the ball we picked after the second coin toss 
is black. What is the probability that on the second coin toss we had an outcome of heads? 
 
 
 
Problem 2 (20 points total) 
Let X be a continuous random variable with a CDF of )(xFX   that is continuous everywhere. Let 
Y=g(X), where 



 ∈

=
otherwise    

]1,0[    0
)(

x
x

xg  

 
a) Find the CDF of Y, )( yFY , as a function of values of )(xFX . (7 points) 
b) Plot )( yFY , if X is uniformly distributed in [-2,2]. (2 points) 
c) Find the PDF of Y, )( yfY , as a function of values of )(xf X  and )(xFX . (7 points) 
d) Plot the )( yfY , if X is uniformly distributed in [-2,2]. (2 points) 
e) Express Pr{Y=1} as a function of values of )(xFX . (1 point) 
f) Express Pr{Y=0} as a function of values of )(xFX . (1 point) 
 
 
 
Problem 3 (20 points total) 
Let X be a random variable uniformly distributed in [0,1] and Y another random variable 
independent of X with PDF )()( yueyf y

Y
−= . Calculate the probability { }10Pr <+≤ YX . 
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Problem 4 (20 points total) 
The system shown below accepts as an input a zero mean, Gaussian random process X(t), which 
generates an output Y(t). The autocorrelation function of X(t) is given as   

21
21),( ttb

X aettR −−= , 
where a, b>0. 

X(t) Y(t)

i d e a l  d e l a y  o f

D  s e c o n d s

+
_

 
 
 
a) Calculate the cross-correlation function ),( 21, ttR YX . (4 points) 
b) Find the power cross-spectral density )(, fS YX , if it can be defined. (4 points) 
c) Calculate the autocorrelation function ),( 21 ttRY  of Y(t). (4 points) 
d) Find the power spectral density )( fSY of Y(t), if it can be defined. (4 points) 
e) Find the PDF )()( yf tY  of Y(t). (4 points) 
 
 
 
Problem 5 (20 points) 
A random process Xn is of the form nn WnX += , where Wn is zero mean, Gaussian white noise 
with variance σ2. Furthermore, Xn acts as an input to a system with output Yn that is described by 
the difference equation 1−−= nnn aXXY , where a is some constant. 
  
a) Is Xn a WSS process? Why or why not? (3 points) 
b) For what value of a is Yn a WSS process? (3 points) 
c) For the value of a you found in part (a) find the PDF )(yf nY of Yn. (4 points) 
d) Up to this point you have seen how to “stationarize” a process of the form nn WnX +=  using a 
simple linear system. Now, come up with a difference equation of a linear system with output Zn 
that “stationarizes” nn WnV += 2 . Hint: The difference equation will involve Vn,  Vn-1 and Vn-2. (10 
points) 
 
 
 

<END OF PROBLEMS> 
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