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Solutions to Problems 
 

 

 

4. A 2000 bus system has 250 generators, all of which are modeled in a power flow program with 

constant (known) terminal voltage.  

a. How many type PV buses are there in the power flow model? 

b. How many type PQ buses are there in the power flow model? 

c. What is the minimum number of equations required to solve this problem? 

d. How many bus voltage magnitudes are unknown in this problem? 

e. How many bus voltage angles are unknown in this problem? 

 

 

Answer: 

 

a. 249 

b. 1750 

c. 3749 

d. 1750 

e. 1999 



The Power Flow Problem 

 

2 

 

5. For a certain bus type, when formulating the power flow problem, we reduce the dimensionality of the 

problem by removing the reactive power equation from the set of equations to be solved. What bus 

type is this? Explain why this does not result in an under-constrained problem such that there are more 

unknowns than equations. 

 

Answer: 

 

The PV Bus.  Since the Qi variable doesn’t appear in any other equations, it can be removed to reduce the 

dimensionality of the equation set and avoid having an under-defined problem where the number of 

unknowns is greater than the number of equations.   

 

 

6. Consider the system illustrated below.  

a. Identify the unknowns comprising the solution vector in the power flow problem. 

b. Identify the minimum number of real power equations and the minimum number of 

reactive power equations to be solved in the power flow problem. 
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2 
1 

 
Answer: 

a. The three unknowns for this system are θ2, θ3, and |V3|. 

b. One reactive power equation is required for bus 3 and two real power equations, one each 

for bus 1 and 2, are required to solve the power flow problem for this system.   

 

 

 

 

 

8. A two-bus power system is interconnected by a transmission line having series admittance of 

Y12=0.304-j1.88 pu and total line charging of Ycharging=j0.064 pu. Bus 2 is a load bus with specified 

demand as PD pu and QD pu. Bus 1 is a generator bus with specified terminal voltage magnitude of |V1| 

pu. We desire to solve the power flow problem for this system.  

a. Form the Y-bus for this system with all elements given in polar form. 

b. Identify the variables in the solution vector. 

c. It is possible to write a power flow equation for real and reactive injections at buses 1 and 

2 (giving a total of four equations). From these four equations, write down the mismatch 

equation(s) that are required in the solutions procedure. Express each equation 

symbolically (no numbers). Denote each equation by gi. 

d. Write down the Jacobian matrix J to be used in the solution procedure. Indicate the 

elements in the matrix using partial derivative notation; you do not need to differentiate 

anything or provide any numerical values. 

e. Write down the update formula for this system in terms of J and the solution vector. 

f. A generator is now brought on-line at bus 2 so that it becomes a type PV bus. Repeat part 

d. 

 

Answer: 
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