
OLD DOMINION UNIVERSITY 
PH.D. DIAGNOSTIC EXAM 

Spring 2024 
 

ODU HONOR PLEDGE 
 

I pledge to support the Honor system of Old Dominion University. I will refrain from any form of academic 
dishonesty or deception, such as cheating or plagiarism.  I am aware that as a member of the academic 
community, it is my responsibility to turn in all suspected violators of the Honor Code.  I will report to a hearing 
if summoned. 
 
Student Signature: ___________________________________________________  
 
Student Name (BLOCK CAPITALS): ___________________________________  
 
UIN Number: _________________________________________________  
 
Please turn in this examination document with the pledge above signed and with one answer book for each 
solved problem.  
 

1. This examination contains 30 problems in the following seven areas: 
 

 A. MATH  (At most 3 problems can be   A1 A2 A3 A4 
   answered from the Math area) 
 
 B. CIRCUITS & ELECTRONICS  B1 B2 B3 
 
 C. SYSTEMS, SIGNAL AND IMAGE PROCESSING    C1 C2 C3 C4 C5 C6 
 
 D. PHYSICAL ELECTRONICS I  D1 D2 D3   
  
 E. PHYSICAL ELECTRONICS II  E1 E2 E3  
  
 F. COMPUTER SYSTEMS   F1 F2 F3 F4 F5 F6 
  
 G. CYBERSECURITY    G1 G2 G3 G4 G5  

 
2. You must answer eight problems (no more than three from the MATH group). 
3. Answer in the blue books provided.  Use a separate book for each problem. Put the title and problem 

number on the front of each book (eg., MATH A-1) 
4. Return all the 30 problems. 
5. You will be graded on your answers to eight problems only.     
6. The examination is “closed-book;” only blue books, exam problems and a scientific calculator are 

allowed.  No formula sheet is allowed.  Some problems include reference formulas. No material shall be 
shared without prior permission of the proctor(s).   

7. You have four hours to complete this examination. 



PROBLEM A1 – MATH 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM A2 – MATH 
 

 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM A3 – MATH 
 
Linear Algebra 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM A4 – MATH 
 
Probability 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



  

PROBLEM B1 – CIRCUITS AND ELECTRONICS 
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM B2 – CIRCUITS AND ELECTRONICS  
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM B3 – CIRCUITS AND ELECTRONICS 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM C1 – SYSTEMS, SIGNALS AND IMAGE PROCESSING 
 

 
 
 



  

PROBLEM C2 – SYSTEMS, SIGNALS AND IMAGE PROCESSING 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 



  

PROBLEM C3 – SYSTEMS, SIGNALS AND IMAGE PROCESSING 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM C4 – SYSTEMS, SIGNALS AND IMAGE PROCESSING 

 
continuted on next page 



  

 

 



  

PROBLEM C5 – SYSTEMS, SIGNALS AND IMAGE PROCESSING 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM C6 – SYSTEMS, SIGNALS AND IMAGE PROCESSING 
 
 
Communications Networks: 
 
1. (5 pts) We have a character frame from the higher layer:   A  FLAG  ESC  B C.  Assume the byte stuffing 
framing method is used at the data link layer, what will be the actual frame to be transmitted? Note the special 
characters are FLAG and ESC. 
 
 
 
2. (5 pts) Consider a signal transmitted over a 30KHz channel. If the SNR is 30 dB, what is the 
maximum achievable rate?  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM D1 – PHYSICAL ELECTRONICS I 
 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM D2 – PHYSICAL ELECTRONICS I 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM D3 – PHYSICAL ELECTRONICS I 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM E1 - PHYSICAL ELECTRONICS II 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM E2 – PHYSICAL ELECTRONICS II 

              

 



  

PROBLEM E3 – PHYSICAL ELECTRONICS II 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM F1 – COMPUTER SYSTEMS 
 

Microprocessors 
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PROBLEM F2 – COMPUTER SYSTEMS 
 

Digital Systems 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM F3 – COMPUTER SYSTEMS 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM F4 – COMPUTER SYSTEMS 
 
Computer Algorithms 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 



  

PROBLEM F5 – COMPUTER SYSTEMS 
 

 
 
 
 
 
 
 



  

PROBLEM F6 – COMPUTER SYSTEMS  
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM G1 – CYBERSECURITY 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM G2 – CYBERSECURITY  
 
Cyber Defense Fundamentals 
 
1. (10 pts) Describe how the RSA algorithm work? That is, how does Bob generate his public key, 
which is sent to Alice, and then how does Alice encrypt her message m using the public key, and 
eventually, how does Bob decrypt the received ciphertext? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM G3 – CYBERSECURITY 
 
Cyber Physical System Security 
 
1. (5 pts) What are the two types of intrusion detection systems?  
 
 
2. (5 pts) What is network address translation (NAT) and how does it work? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

PROBLEM G4 – CYBERSECURITY 

 

 

 



  

PROBLEM G5 – CYBERSECURITY  
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