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1. (15%) Assume the operating cost function of the generating unit is C; = a;+ /3; P; + y; P/ 
For the control area contains n generators to provide total load demand Pr, 

I. specify the objective function of minimal operating cost C1 and its constraint without considering the loss. 

II. Use the Lagrange method L = C1 +A( Pr - i~/~) 

Prove that the analytical solution for optimal A. is: 

2. (15%) Consider a system with the one-line diagram shown in the figure below, the per-unit ratings of the generator, 

transformers, transmission line, and motor are listed as follows: 

Generator: 20MVA, 13.8kV, X"d=j0.1pu, X2=j0.1pu, X0=j0.05pu 

Transformer T1 : 20MVA, 13.8kV-69kV, X1=j0.1pu 

Transformer T2: 20MVA, 69kV-13.8kV, X1=j0.1pu . 

Transmission line: X\ne= X21ine=j0.1pu, X01ine=j0.3pu with 20MVA, 13.8kV base 

Motor: 20MVA, 13.8kV, X"=j0.2pu, X2=j0.2pu, X0=j0.1pu 

The neutrals of the generator, motor, and 1'1-Y transformers are solidly grounded. 

T2 Motor 

~~y, 
1 

Assume the pre-fault voltage is 1L:0° pu, please derive the Thevenin equivalents of the zero-, positive-, and 

negative- sequence networks in per-unit as viewed from bus Vs. Label all the per-unit voltages and 

impedances for the network diagram. 

3. (10%) A temporary three phase fault occurs away from sending end of bus as shown below: 

oo bus 

Prove that the critical clearing angle 8c has the following relationship with the variables shown in the figure below 

coso = ~~~(omax- oa)+ P:.max cosomax- ~max COSOo 

" p -P 
3max 2max I where PlmaX/ P2maXI P3maX/ are the peaks of the power curve, 
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respectively. 

4. 

VL 

5. 

6. 

plmax 

(10%) Derive the voltage conversion ratio VH/VL for the step-up autotransformer, as shown below. 

• + 
NsE 

+· VH 

Nc 

(10%) Prove z,...=3Zv for the following two equivalent three-phase networks. 

(10%) Draw the equivalent circuits of (1) long-shunt diffentially compound DC generator, (2) long-shunt 

diffentially compound DC motor. 
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7. (10%) Prove the output voltage ripple ratio 1'!. Vo of the following continuous-conduction mode (CCM) 
vo 

n2 ·(1-D) f 2 

buck converter equal to · ~, where 
2 f-

s 

D is the duty cycle of the main switch 5, 

fs is the switching frequency of the main switch 5, 

fc is equal to k . 
2n L · C 

Note: ALL components used in this circuit are ideal. 

L 

8. (10%) Derive the maximum current value of the inductor lin the above CCM buck converter. 

9. {10%) Derive the minimum current value of the inductor lin the above CCM buck converter. 


