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DEPARTMENT OF ELECTRICAL AND ELECTRONICS ENGINEERING 
POWER SYSTEM ANALYSIS 

UNIT I (INTRODUCTION)  

 Part – A- Two marks questions 
1. What is Single Line Diagram? 
2. What are the components of power system? 
3. Draw any four symbols used to represent various components in power system using 

single line diagram. 
4. What is meant by per phase analysis? 
5. Define Per Unit Value. 
6. What is the need for base values? 
7. Write the equation for converting the p.u impedance expressed in one base to another. 
8. State the advantages of per unit system. 
9. What is meant by impedance and reactance diagram?  
10. What are the approximations made in reactance diagram?  
11. What are the approximations made in impedance diagram?  
12. What are bus admittance and impedance matrices?   
13. What are the methods available for forming bus impedance matrix? 
14. What are the ways of adding impedance to an existing system so as to modify the bus 

impedance matrix? 
15. A generator rated at 30MVA, 11kV has a reactance of 20%. Calculate its p.u reactance 

for a base of 50MVA and 10kV. 
16. A Y-connected generator rated at 300 MVA, 33 kV, has a reactance of 1.24p.u. Find the 

ohmic value of reactance. 
17. Write the equation to find reduced bus admittance matrix using Kron reduction method. 

 
Part – B 16 marks questions 

1.Draw  the  per  unit  reactance  diagram  for  the  power  systems  shown  below 
Neglect resistance and use a base of 100MVA, 220KV in 50 ohms line. The 
ratings of the   generator, motor and transformers are, 

 
 
 
 
 
 
 
 
 
G:        40MVA, 25KV, X’’ = 20% 
M:       50MVA, 11KV, X’’ = 30% 
T1:       40MVA, 33 Y/ 220Y KV, X = 15% 
T2:       30MVA, 11 Δ / 220Y KV, X = 15% 

    Load:      11KV, 50MW+j68 MVAR 



2.   Draw the reactance diagram using a base of 50MVA and 13.8KVon generator G1 
 
 

 
                                                                             
 

 

 

 

 

 

 

 G1: 20MVA, 13.8KV, X’’=20%       ;     G2: 30MVA, 18.0KV, X’’=20% 
    G3: 30MVA, 20.0KV, X’’=20%         ;  T1: 25MVA, 220/13.8 KV, X =10% 
     T2:3Single phase unit each rated 10MVA, 127/18 KV, X =10% 
     T3: 35MVA, 220/22 KV, X =10% 

 

3. A simple power system is shown in fig. Redraw this system where the per unit 
impedance of the components are represented on a common 5000 VA base and common 
system base voltage of 250V. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. The single line diagram of a three phase power system is shown in fig. Select a 

common base of 100MVA and 13.8KV on the generator  side.  Draw per unit  



impedance diagram 
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       G                                                                                                                                   M                                                                
T3                                                                                  T4 

 
j70Ω 

 
 
 
 
 

G: 90MVA, 13.8KV, X=18%    ; T1 :50MVA, 13.8/220KV, X=10% 
 

T2:50MVA, 220/11KV, X=10% ; 
 

T3 
 

:50MVA, 13.8/132KV, X=10% 
 

T4:50MVA, 132/11KV, X=10% ; 
 

M 
 

: 80MVA, 10.45KV, X=20% 
 

LOAD : 57MVA, 0.8 p.f lagging at 10.45 KV ; Line 1 = j 50Ω ; Line 2 = j 70Ω 
 
5. Write brief note on per unit quantities and also derive the changing the base of per unit 
    quantities. 
6. Derive the bus admittance matrix and also derive bus or node elimination by matrix 
    algebra. 
7. Derive the bus impedance matrix using bus building algorithm. 

  8. Find the bus admittance matrix for the given network. Determine the reduced admittance 
      matrix by eliminating node 4. The values are marked in p.u.  
 

 
  9. Find the bus impedance matrix for the system whose reactance diagram is shown in fig. All the    

impedances are in p,u.  



           
                          

10. Derive the modeling of Generator, Transformer and Transmission line for load flow 
      and short circuit analysis. 
  
                       

UNIT-II POWER FLOW ANALYSIS 
 

Part – A- Two marks questions 
1. What is the information that is obtained from load flow study? 
2. What is the need for load flow study? 
3. What is slack bus or swing bus? 
4. What are the three classes of buses of a power system used in power flow analysis? 

What are the quantities to be specified and to be computed for each class during 
power flow solution? 

5. Write the need for slack bus or swing bus. 
6. What is meant by acceleration factor in Gauss-seidel load flow solution and its best 

value? 
7. What is P-Q bus in power flow analysis? 
8. What do you mean by flat voltage start? 
9. What is meant by an infinite bus? 
10. Compare Gauss-Seidel method, Newton Raphson method and FDLF method with 

respect to number of iteration taken for convergence and memory requirements? 
11. Write the polar form of the power flow equations (or) static load flow equations. 
12. What are the methods used for the iterative solution of non-linear algebraic equations? 
13. What are the advantages and disadvantages of Newton Raphson method? 
14. What is Jacobian matrix? How the elements of Jacobian matrix are computed? 

  
Part – B 16 marks questions 

01.  Explain step by step computational procedure for Gauss seidal method of power 
       flow solution and discuss the  advantages of  the method. 
02. The following is the system data for a load flow solution. Determine the 
      voltages at the end of first iteration using Gauss-Seidel method. Take α=1.6  

 
 
 
The line admittances: 

 



Bus code Admittance 

1-2 2-j8.0 

1-3 1-j4.0 

2-3 0.666-j2.664 

2-4 1-j4.0 

3-4 2-j8.0 

 
The schedule of active and reactive powers: 

 
Bus 
code 

P in p.u Q in p.u V in p.u Remarks 

1 - - 1.06 Slack 

2 0.5 0.2 - PQ 

3 0.4 0.3 - PQ 

4 0.3 0.1 - PQ 

 

03. The following is the system data for a load flow solution. Determine the 
      voltages at the end of first iteration using Gauss-Seidel method. Take α=1.0  

 
    Table 1- Line Data: 

            
Line No. Starting Bus Ending Bus Admittance 

1 1 2 1-j5 
2 1 3 1.2-j4 
3 2 3 0.5-j4 
4 2 4 1.1-j2 
5 3 4 1.2-j3 

 
Table 2 – Bus Specifications 

 
Bus code P Q V Remarks 

1 - - 1.06∠0° Slack 
2 0.5 0.2≤Q2 ≤1.0 1.04 PV 
3 0.4 0.3 - PQ 
4 0.2 0.1 - PQ 

  
 
04. Derive load flow algorithm using Newton-Raphson method with neat flowchart and 
      State  the importance of  the method. 



 
05. Using N-R method find the phasor voltages at the buses 2 and 3.Find the slack bus 
     real and reactive power.Calculate the line flows and line losses. Take 100MVA base. 

 

 
      
06. With neat flow chart explain the computational procedure for load flow solution 
      using  fast decoupled method when the system contains all types of buses. 
  

 
07. Using the Fast decoupled power flow, find the power flow solution of the given 
      system. 

 
UNIT –III FAULT ANALYSIS – BALANCED FAULTS 

 
Part – A- Two marks questions 

1. List various types of faults.  
2. What are symmetrical and unsymmetrical faults? 
3. Rank the various faults in the order of severity. 
4. Write the relative frequency of occurrence of various faults. 
5. Why the faults occur in the power system?  
6. What is the reactance used in the analysis of symmetrical faults on the synchronous 

machines as its equivalent reactance? 
7. What is the reason for transients during short circuits? 
8. Write the equation to determine transient and sub transient internal voltages of the 

generator. 
9. Write the equation to determine transient and sub transient internal voltages of the motor. 
10. How do short circuits occur in power system? 
11. What is the need for short circuit analysis? 
12. Differentiate synchronous, sub-transient and transient reactances? 
13. What is the significance of sub-transient reactance in short circuit studies? 
14. What is the significance of transient reactance in short circuit studies? 



15. The generator emf is 1p.u. and the subtransient reactance is 20%. Find the subtransient 
current. 

16. The generator emf is 1p.u. and the transient reactance is 25%. Find the transient current. 
 

Part – B 16 marks questions 
01. Derive the synchronous, sub transient and transient reactances due to Short circuit of an 
     unloaded synchronous machine. 
02. Derive the internal voltages of loaded synchronous machines under transient       
conditions. 
03. Three 11.2 KV generators are interconnected as shown in figure by a tie -bar through 
current limiting reactors. A three phase feeder is supplied from the bus bar of generator A at 
line voltage 11.2 KV. Impedance of the feeder is (0.12+j0.24) ohm per phase. Compute the 
maximum MVA that can be fed into a symmetrical short circuit at the far end of the feeder. 
 

 
 

 
04.  A radial power system network is shown in fig. a three phase balanced fault occurs at 
       Point F. Determine the fault current and the line voltage at 11.8 KV bus under fault 
       condition. 
 
 

 
 

05. A 100MVA,11KV generator with X’’=0.20 p.u is connected through a 



transformer and line to a bus bar that supplies three identical motor as shown in 
fig. and each motor has X’’=0.20 p.u and X’=0.25 p.u on a base of 20MVA,33KV.the 
bus voltage at the motors is 33KV when a three phase balanced fault occurs at the point 
F. Calculate 

(a) subtransient current in the fault 
(b) subtransient current in the circuit  breaker B 
(c) Momentary current in the circuit breaker B 
(d) The current to be interrupted by CB B in (i) 2 cycles (ii) 3 cycles (iii) 5 
      cycles (iv) 8 cycles 

 
 

 
 
 

  06. Explain the step by step procedure for systematic fault analysis using bus impedance 
     matrix. 
 

 
07.  The bus impedance matrix of four bus system with values in p.u is given by, 
                   
         

   0.15   0.08   0.04    0.07     
Zbus = j          0.08   0.15   0.06    0.09 
                       0.04   0.06   0.13    0.05 
                       0.07   0.09   0.05   0.12 

 
 In this system generators are connected to buses 1 and 2 and their sub transient reactances 
were included when finding Zbus. If prefault current is neglected, find subtransient current 
in p.u. in the fault for a 3 phase fault on a bus 4. Assume prefault voltage is 1 p.u. If the 
subtransient reactance of generator in bus – 2 is 0.2 p.u. Find the subtransient fauly current 
supplied by generator. 

 
UNIT –IV FAULT ANALYSIS –UNBALANCED FAULTS 

Part – A- Two marks questions 
01. What are symmetrical components? 
02. Write the symmetrical components of three phase system. 
03. What are positive sequence components? 
04. What are negative sequence components? 
05. What are zero sequence components? 
06. Express the value of the operator “a” and “a2” in both polar and rectangular form. 
07. Prove that 1+a+a2=0. 



08. Express the unbalanced voltages Va, Vb and Vc in terms of symmetrical components  
09. Express the symmetrical components Va0, Va1 and Va2 in terms of unbalanced vectors Va, 

Vb and Vc. 
10. If Ia = 12∟0°A, Ib = 10∟90°A and Ic = 10∟-90°A, find the zero sequence current. 
11. List the types of unsymmetrical faults. 
12. Write the boundary condition for (i) L-G fault (ii) L-L fault and (iii) LL-G fault. 
13. Name the fault for the following condition,  
         (i) Positive, Negative and Zero sequence component currents are equal. 
        (ii) Positive and Negative sequence components currents together is equal to zero 
sequence current in magnitude. 
        (iii) Zero sequence current does not flow.  

Part – B 16 marks questions 
01. Derive the expression for fault current in single line to ground fault on an unloaded        
generator.                                                                                                                    (16) 
02. Derive the expression for fault current in line to line fault on an unloaded generator (16) 
03. Derive the expression for fault current in double    line    to    ground    fault    on an 
      Unloaded generator.                                                                                                   (16) 
04 .Derive an expression for (i) L-G fault (ii) L-L Fault (iii) L-L-G Fault if it is 
    grounded through a fault impedance.                                                                    (16) 

05.(i) Explain how an unbalanced set of three phase voltages can be represented by 
system of balanced voltages.                                                                                      (08) 
     (ii) Explain how an unbalanced set of current vectors can be represented in terms of 
          Symmetrical components.                                                                                 (08) 
06. The voltages across a 3 phase unbalanced load are 
            Va = 300∠ 20° V ,  Vb = 360∠ 90° V ,  Vc = 500∠-140° V. 
      Determine the symmetrical components of voltages. Phase sequence is abc.       (16) 
 
07.A salient pole alternator without dampers is rated 20 MVA, 13.8 KV and has a direct axis 
     sub transient reactance of 0.25 p.u. The negative and zero sequence reactance are 0.35 
and 0.10 p.u. respectively. The neutral of the generator is solidly grounded. Determine the 
sub- transient current in the generator and the line to line voltages for sub transient 
conditions when single line to ground fault occurs at the generator terminals with generator 
operating unloaded at rated voltage. Neglect resistance                                                    (16)                                                                             

 
UNIT –V STABILITY ANALYSIS  

Part – A- Two marks questions 
1. What is power system stability? 
2. How stability studies are classified. What are they? 
3. Write the swing equation and explain the terms involved in it. 
4. Define critical clearing time. 
5. On what basis do you conclude that a given synchronous machine has lost stability?  
6. State Equal area criterion. 
7. Define Steady state stability limit. 



8. Define Swing curve. What is the use of swing curve? 
9. Define Critical clearing angle. 
10. List any two methods of improving the transient stability limit of power system. 
11. Define Inertia constant (M). 
12. What is transient stability limit? 
13. What are the methods available to solve the swing equation? 
14. What are the reasons for voltage instability? 

Part – B 16 marks questions 
01. Derive the swing equation for a single machine connected to infinite bus system.(16) 
02. Describe the equal area criterion for transient stability analysis of a system.         (16) 

  03. Derive an expression for the critical clearing angle and clearing time in transient 
        Stability.                                                                                                                   (16) 

    04. The generator shown in Figure is delivering power to infinite bus. Take Vt = 1.1 p.u. 
         Find the maximum power that can be transferred when  
        (i)The system is healthy       (ii) One line is open                                                    (16) 
 

 
 

    05. A three phase fault is applied at the point P as shown below. Find the critical clearing           
angle for clearing the fault with simultaneous opening of the breakers 1 and 2. The           
reactance values of various components are indicated in the diagram. The generator is         
delivering 1.0 p.u. power at the instant preceding the fault.                              (16) 
 

 
 
06.  Explain the Modified Euler method of analyzing multi machine power system for 
stability    with step by step algorithm.                                                                                  (16) 
07.  Explain the Runge-Kutta method (R-K method) to find a solution for swing equation.(16) 
 
 


