
2011     Part IA     P3 Electrical and Information Engineering Dr A Ferrari 
  Professor R V Penty 
 
SECTION A 
 
1 (long) 
 
An AC generator of RMS voltage V and internal impedance 1Z   is connected to a 

load of impedance 2Z  as shown in Fig 1. 
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                                                     Fig. 1 
 

(a) Show that the average power dissipated in the load is given by: 
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The current in the circuit is given by: 
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(b) The phase   of the load is held constant, and the magnitude 2Z of the load 

is varied. Show that the condition for maximum power to be transferred to 
the load is Z2=Z1. 
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To find the maximum power as a function of Z2, we need to differentiate P with respect 
to Z2 and set equal to zero. 
 
Thus 

   
 2 2

2 122 2 2 2
2 1 2 1 2 1 2 1 2

coscos
2 2 cos

2 cos 2 cos

ZdP
V Z

dZ Z Z Z Z Z Z Z Z

  
   

                
0Z  

 
Hence    2 2
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Thus:  2 2
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(c) The magnitude of the load is kept constant, but the phase   is varied. 

Show that the condition for maximum power to be transferred to the load 
is now: 
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Gives: 
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Remembering that:  sin sin cos cos sinA B A B A   B

 
We get: 
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(d) Using the results from (b) or (c), or otherwise, show that, if the magnitude 
and phase of the load are both varied, the condition for maximum power to 
be transferred to the load is: 

 

                                                             2 1Z Z     

 
                     From (b) Z2=Z1 
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2 1Z Z     
 
Alternatively 
 
From (b) Z2=Z1 
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2 (long) A FET is configured in an amplifier as shown in Fig. 2.  The impedances of 
Cin, Cout and Cs are negligible at mid-band frequencies.  The small signal parameters of 
the FET are gm = 10 mA V1 and rD = 25 kΩ, and its operating point is given by 
Vds = 15 V, Vgs = 2 V and Ids = 1 mA    
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Fig. 2
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(a) At the given operating point, calculate the values for R2 and VDD given 
that R3 = 20 kΩ and R1 = 1 MΩ. 

 
 
Vgs= -2V must be the voltage across R2  Vgs = R2 Ids 
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Voltage across R2 = 2V 
 
Voltage across FET = 15V 
 
 R3 Ids = 20kΩ.1mA = 20V 
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Therefore:  37DDV V
 

 (b) For the circuit in Fig. 2, but without the load connected, draw the small 
signal equivalent circuit.  Hence calculate its voltage gain, and also its input and output 
impedances, all at mid-band frequencies. 

 
Capacitive impedances are negligible 
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 Input impedance = R1=1MΩ 
 

 Ro =output impedance = 3dr R  
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 GAIN =  0. 111.1mg R  
 
        (c) What value of external load resistance, RLOAD , should be connected between 
the output terminal of the amplifier and ground in order to maximise the signal power in 
the load?   

 For max power  
 

 11.1LOAD oR R k    
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(d) If the lower 3 dB cut-off frequency of the amplifier is 200 Hz and is dominated by 
the effect of Cout , calculate the value of this capacitor, assuming that RLOAD of part (c) is 
connected. 
 
 
At the 3dB point, the Thevenin equivalent of load circuits is: 
 Ro 
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3 (short)  A small factory consumes 30kW power at 230 V, with a lagging factor of 
0.85. The line supplying the factory has an impedance 0.1+j0.1Ω. The frequency is 50 
Hz 
 

(a) Draw a circuit diagram for the above system. Calculate the power loss in 
the line, and the voltage at the supply end of the line. 
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2 2153.45 0.1 2355LINEP I R    W  

 
2 2153.55 0.1 2355LINEQ I X VAR     

 
Input P  30000 2355 32355W  
 
Input Q  18592 2355 20957VAR  
But:    

2 2 2VA P Q 
 
 Input VA=38544VA  
 

Input 251.2
VA

V V
I

   

 
(b) What is the minimum power lost in the line if the power factor correction 

is applied to the factory, and the factory voltage remains 230 V? 
 
Min power in line when p.f. = 1. 
 cosφ=1 
 
PLine=VIcos=VI 
 

 I=
30

230

kW
=130.43 A 

 
Thus  
 
PLine=I2 0.1 = 1.701 kW 
 

 
4 (short) 

(a) State what assumptions have to be made to be able to describe a 
transformer as ideal 

 
 

1) Reluctance of the iron core = 0 
2) All flux in primary links the secondary 
3) Winding resistances are Zero 
4) No power losses in the iron core 

 
(b) The characteristics of a non-ideal transformer are determined by 

performing tests with the low voltage secondary open and short circuited. These 
give 

Page 7 of 10 
 



         Open Circuit Test 
 
                   VPRIMARY=260 V, IPRIMARY=0.6 A, P= 50 W, VSECONDARY= 130 V 

          
         Short Circuit Test 

 
                   VPRIMARY=50 V, IPRIMARY=6 A, P= 50 W 
Determine the values of the equivalent circuit parameters (referred to the primary side 
of the transformer) 
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5 (short)  
(a) Explain what is meant by a Thevenin equivalent circuit. Draw the Thevenin 
equivalent circuit for the circuit shown in Fig. 3(a), and derive expressions for the 
Thevenin voltage and impedance. 
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                                          Fig. 3(a) 
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Thevenin: Any linear circuit may be represented as: 

RTh 

 

VTh 

 
 
VTh=VOpen Circuit 

 

RTh=VOpen Circuit/IShort Circuit 

 

Thus, the Thevenin equivalent for the circuit in Fig. 3(a) has the following parameters: 
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(b) In the circuit of Fig. 3(b), R= 200Ω, L=40 mH and C= 160F. By applying 
Thevenin’s theorem, or otherwise, determine the RMS magnitude of the current flowing 
in the capacitor C, its peak value, and its phase with respect to the 150 V voltage source. 
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                                                        Fig. 3(b) 
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Regarding CZ  as load 
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