
EE 360: Homework # 4 
 

 

 

Problem 1a:  

Ea is proportional to the multiplication of both flux and frequency. So, higher frequency 

implies the need for less flux in order to produce the same amount of induced voltage. The 

need for less flux means the need for a smaller field winding, a smaller exciter, and hence a 

smaller rotor. This, in turn, implies a smaller machine. 

 

Problem 1b:  

1- Both machines must have the same phase sequence 

2- Both must have the same voltage magnitudes 

3- Both must have the same voltage phase shift. 

4- Both must have almost the same frequency. 

 

Problem 2:  

 

 



 

 

Problem 3:  

 



 
 

 

 

 

 

 

 



Problem 4:  
 

(a) 

 

 
 

 

 

 

 



Problem 5: 

 
a. The circuit is as shown. 

 

At the resistor 
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b. 

 

 

 

 

 

 

 

 

c. For the 60 Hz machine, 
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For the 50 Hz machine 
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Note that n, the shaft speed, is the same for each machine. Dividing the two equations 
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So 12 poles on the 60 Hz machine, 10 poles on the 50 Hz machine. 

A common error is using 6 and 5 for the number of poles. Can't have an odd number of poles. 
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Problem 6:  
  

 

The key to this problem is to think 

of the combination of Xs and the 

transmission lines as an equivalent 

Xs'. Then the problem is to work to 

find Ea (note, Ef could be used 

instead of Ea in calculations - 

different subscript for same 

quantity, open circuit voltage) 

before the outage, then the new 

value of  after the outage. 

 

Before the outage, the current supplied to the infinite bus is 
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The angle is 

   9.368.0coscos 11 pf  (which seems to be a popular angle) 

The original value of Ea is 

 5.39.3631.2
3

25
'  jXIjVE sata  

Note that Xs' = 3.5 

 kVjjEa  6.183.2046.625.1946.685.44.141.5308.84.14  

Now consider what happens when the line trips. Xs' goes up, and becomes Xs" = 4.5. The 

torque does not change, so the real power stays constant. The field current does not change, 

so the magnitude of Ea does not change. The power angle  must therefore change. (This 

problem illustrates the danger of learning rules like the locus of constant power. That locus 

assumes that Xs stays constant. In this problem, Xs changed.) 

 

So 
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   2.2441.0sin' 1  

Let's just note that 

 MWMVApfSP 8008.01   and does not change. Reactive power Q, however, 

changes. The new Q, Q', is 
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Now, line to neutral voltage values were used in this calculation, so this is actually the per-

phase reactive power. The total reactive power is 

 MVARQ 6.392.133'3   



Complex power 

  83.28016.39800 MVAMVAjS  

or 801 MVA at a power factor of 0.999 current lagging - the outage has improved the power 

factor the generator and line deliver to the infinite bus. 

 

 


