
SECTION A 
 
1 (long) Figure 1(a) shows the circuit for a source follower amplifier.  The FET has 
small-signal parameters gm = 5 mS and rd = 15 kΩ.  The source resistor RS = 6 kΩ, and the 
gate resistor RG = 2 MΩ. 
 
 
 
 
 
 
 
 
 
 
 
 
                                                             Figure 1(a) 
 
 (a) Calculate the gain and output impedance of the circuit.  [15] 
 
 
 
 
The small signal circuit can be drawn as: 
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To find OUTR we short-circuit input, and apply signal at output. The equivalent circuit is: 
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 (b) As a result of electrical interference, noise in the form of a small voltage of 
frequency 200 Hz is induced in the drain circuit of the FET. The presence of the 
200 Hz noise can be modelled by the inclusion of a small signal source VN  in the drain circuit 
as shown in Figure 1(b). 
 
 
 
 
 
 
 
 
 
 
     Figure 1(b) 
 
Draw the small signal equivalent circuit for determining the component of the output voltage 
that arises as a result of the noise source.    [5] 
 
 We use superposition with iV  short circuited. The equivalent circuit becomes: 
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  (c) Determine the maximum amplitude of VN in Figure 1(b), if the noise component 
of the amplifier's output is not to exceed 30 µV.  [10] 
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2.34NV mV  

 
2 (long) Consider the amplifier circuit in Figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    Figure 2 
 
         (a) At a mid-band frequency where C1 may be considered an open circuit, calculate 
the value of R2 required to give a voltage gain of 50 dB between input and output.  The 
operational amplifier may be considered ideal.  [8] 
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We ignore the capacitor for mid-band frequency. We get a standard inverting op-amp circuit. 
V-0 comprising a "virtual earth": 
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Summing currents at - node: 
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Thus: 2 6.33R M    

 
 (b) What is the mid-band input impedance of the circuit?  [2] 
 
Virtual earth at V- node means that the input impedance is just 1 20R K 

 
 
 (c) Calculate the value of C1 required to have a 3 dB high frequency cut-off of 

6kHz, i.e., where the circuit gain drops to 
1

2
 of its mid-band value. [5] 

 
Considering the effect of 1C on the gain: 
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 (d) If a practical operational amplifier has an open loop voltage gain of 20,000 and 
an output impedance of 50 Ω, but is otherwise ideal, what is the actual mid-band voltage gain 
in dB when the circuit drives a load impedance of 25 Ω? [15] 
 
Let us consider the effects of finite open loop gain and output impedance: 
 

 
 
Since the load impedance is much smaller than the feedback impedance, the current through 

2R  may be neglected if summing currents at the output node 

 
Summing currents at the V  node: 
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Summing currents at output: 
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Substituting into (1) 
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GAIN =  1020log 302 49.6   

 
3 (short) 
 
 (a) What are copper loss and iron loss in the context of power transformers?  
Indicate how each of these corresponds to elements of a simple transformer equivalent 
circuit, and explain how each may be measured.  [3] 
 
Copper loss: resistance of windings+ leakage inductance of windings. 
 
Iron loss: Hysteresis in iron magnetisation curves causes power loss, and the shape also 
causes some apparent inductive loss. Eddy currents also cause similar effects. 
(distinguishable by changing frequency). 

 
We can measure iron losses by working at the rated voltage, but with open circuit output 
(when copper losses   0) 
 
We can measure copper losses at the rated current, but with short circuit output (when iron 
losses   0) 
 
(b) A transformer consumes real and reactive power of 3kW and 3 kVAR respectively 
when providing its full load of 70 kVA with a lagging power factor of 0.9 at 200 V and 50 
Hz.  Under these conditions it may be assumed that copper and iron losses are equal, that the 
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reactive power of the magnetising reactance and leakage reactances are equal, and that supply 
has very low impedance.  Calculate the output voltage under no-load conditions.   [7] 
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Losses are split equally between copper and iron. For voltage calculations the iron losses may 
be neglected, since in the simple model they occur in parallel with the transformer input. The 
copper losses are then 1.5kW and 1.5kVAR. 
 
At point A, total power = (63+1.5) kW 
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This will be the no load voltage, since with no load the copper losses have no effect.  
 
4 (short) A battery, modelled as a 12 V e.m.f. in series with a resistance of 2 Ω, is being 
charged by a constant current source through the network shown in Figure 4.  The multirange 
ammeter Am used to measure the battery current drops a voltage of 1 V at full scale deflection 
on all ranges.  Here it is set to its 10 A range and reads 1 A. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (a) What is the value of the constant current supply?  [5] 
 
The ammeter mA , dropping 1V and on its full range 10A, is modelled as a 0.1 resistance: 

 

    
 
When mA  reads 1A, for left hand circuit, the KVL gives: 

 

 

 

 

mA

1A

0.1

2

50

Constant current I

iV

12V
Battery 

Battery 

Constant Current 

50  Am 

Figure 4 



 12 1 2 0.1 14.1iV V   
 

Thus, current in 50  resistor = 
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So  I=1.282A 
 
 (b) What would be the current into the battery if the ammeter was replaced with a 
wire of zero resistance?   [5] 
 
With the ammeter replaced the circuit becomes 
 

 
 
The new voltage 2V across the circuit can be derived from KCL: 
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5 (short) A small lab-scale crane lifts a mass of 2 kg at a speed of 0.5 ms1.  There are no 
motor power losses, and the crane's 50 Hz AC motor can be modelled as an inductance 
L=50mH in series with a resistor R, where the latter models the conversion of the electrical 
input power to the mechanical output power of the motor. 
 
 (a) If the input current is 2 A when lifting this load, what is the power factor of this 
circuit?    [5] 
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 (b) If the crane is driven by a higher voltage AC supply through an ideal step-down 
transformer with a turns ratio of 30:1, what capacitance should be placed across the 
transformer's high voltage terminals to give the circuit a power factor of unity?  [5] 
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