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QUESTION # 1-a  (10 Marks) 

 

Find the L U1 factorization of the following symmetric matrix: 

 

    
         
         
         

  

 

Solution: 

 

    
     
       
         

  

 

    
       
      
   

  

 

 

QUESTION # 1-b  (10 Marks) 

 

Store the non-zero entries only using the row-column entry method before and after the 

factorization (consider the arbitrary fashion case). 

 

Solution: 

 

Before the factorization; the non-zero entries of the matrix will be 

 
Counter STO IR IC 

1 2.0 1 1 

2 1.0 1 2 

3 3.0 1 3 

4 5.0 2 2 

5 4.0 2 3 

6 7.0 3 3 

 

 

After the factorization; the non-zero entries of the matrix will be 

 
Counter STO IR IC 

1 2.0 1 1 

2 0.5 1 2 

3 1.5 1 3 

4 1.0 2 1 

5 4.5 2 2 

6 0.55 2 3 

7 3.0 3 1 

8 2.5 3 2 

9 1.1 3 3 
 



QUESTION # 2-a  (15 Marks) 

 

Consider the 5-bus system shown below. The voltage source is 1.2     and the load currents 

are             ;            ;            ;            . (all values are in per-unit). 

 

 
 

The bus impedance matrix after converting the voltage source to a current source (by 

ignoring bus 5) is 

 

         

                     
                     
                     
                     

  

 

Find the four bus voltages V1 , V2 , V3 , V4 . 

 

Solution: 

 

The bus voltages are 

 

 

  

  

  

  

                

                     
                     
                     
                     

       

    
   
   
   

      

    
    
    
    

     per-unit 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

QUESTION # 2-b  (15 Marks) 

 

Modify ZBUS  (using building algorithm) to include a capacitor bank of reactance 5.4 per-unit 

connected from bus 4 to the reference and then recalculate the bus voltages.  

 

Solution: 

 

The loop matrix after adding the capacitor bank is 

 

         

 
 
 
 
 
                                
                                
                                
                                
                            

 
 
 
 

 

 

 

 

After Kron reduction, the modified ZBUS is 

 

         

                                     
                                     
                                     
                                     

  

 

 

 

The bus voltages after adding the capacitor bank are 
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QUESTION # 3  (25 Marks) 

 

Figure below shows the one-line diagram of a simple three-bus power system with generation 

at bus 1. Line impedances are marked in per unit on a 100 MVA base. For the purpose of 

hand calculations, line resistances and line charging susceptances are neglected. 

 

 
 

(a) Using Gauss-Seidel method and initial flat values for the bus voltages, determine V2 and 

V3. Perform two iterations. 

(b) If after several iterations the bus voltages converge to  

V2 = 0.90 -  j 0.10 pu 

V3 = 0.95 -  j 0.05 pu 

Determine the slack bus real and reactive power. 

 

Solution: 

 

 



 
 

 

 
 



QUESTION # 4  (25 Marks) 

 

Consider the three-bus power system shown below. Line admittances are marked in per unit 

on a 100 MVA base. Obtain the power flow solution using the fast decoupled algorithm. Perform 

two iterations. 
 

 
 

Solution: 

 

 

 



 
 

 
 

 

 


