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 WORKED SOLUTIONS 
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 Paper 3 

 

 ELECTRICAL & INFORMATION ENGINEERING 

 

 Section A – Joyce 

 Section B – Hasan 

 Section C – Ferrari/Malliaras 

 

SECTION A 

Question 1 

 

(a)  The numbers are chosen so that 

there is no need for a calculator 

 
 

Convert left hand side to Norton 

equivalent: 

 
 

Combine the current sources: 

 

 
 

Convert left hand side to Thevenin 

equivalent: 
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Then, add the 40  and 10   resistors 

in series: 

 

 
 

Convert left hand side to Norton 

equivalent: 

 
 

Then, combine the 50  and 200   

resistors in parallel: 

 

 
 

Convert left hand side to Thevenin 

equivalent: 

 
 

Add the voltage sources: 

 
Convert left hand side to Norton 

equivalent: 

 



 

   

Add 40  resistors in parallel to achieve 

Norton equivalent: 

 

 

Convert to Thevenin equivalent: 

 

 
  

Examiner’s comment: Most students answered this sub-question capably by doing a 

sequence of Thevenin and Norton simplifications, but many students made errors as a 

result of taking shortcuts. Common errors were:  

 Neglecting the units (especially ohms) 

 Summing currents incorrectly into a node (e.g. adding 25 mA and 5 mA 

when they should actually be subtracted). 

 Adding resistances in series when they should be added in parallel. 

A number of students started the process from the right hand side (nearest the 

terminals), which is always the more difficult approach and was more likely to result in 

errors. 

A small number of students attempted to simplify the circuit through nodal or loop 

analysis. All these students found themselves lost in a sea of algebra and made errors. It 

is easier to sequentially perform Thevenin and Norton simplifications. 

(b) Power to the load is maximised when RL = 20  

The current through this load will be ½ × 25 mA. 

The voltage across this load will be ½ × 0.5 V. 

  

Power dissipated by load = VI = I2RL = 0.01252×20 = 3.125 mW  

Alternatively, 

Power dissipated by load = VI = V2/RL = 0.252/20 = 3.125 mW 

 

Examiner’s comment: Most students correctly identified that maximum power is 

transferred when the load resistor matches the Thevenin or Norton resistance. A handful 

tried to derive this from first principles (differentiating), which was actually 
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unnecessary. A fair number of students miscalculated the power lost across the load and 

got an answer that was 4 times higher than it should be. 

Question 2 

(a) 

CjLjR

v
i in

 /1
  

Resonance occurs when the impedance of the capacitor negates the impedance of the 

inductor: 

CL  /1  

  6232
109010242

11




 L
C = 489 nF 

 

(b) At 24 Hz, the impedance of the inductor is: 

 ZL = jL = j2××24×103×90×10-6 = j13.57 . 

At 24 Hz, the impedance of the capacitor is: 

 ZC = 1/jC = 1/(j2××24×103×100×10-9) = -j66.31 . 

Total impedance of the circuit Ztotal = R + ZL || ZC: 

 Ztotal = 10 + j13.57 || -j66.31 = 10 + j 17.06 = 19.8   59.6 

 Irms = Vrms/Ztotal = 200/(19.8   59.6) = 10.1  -59.6 

 Ipeak = 2 Irms =  14.3 A  -59.6 

In this case the current lags the voltage, because the load is predominately 

inductive. 

Examiner’s comment: A small number of students made errors in calculating the 

impedance of the circuit, some adding the reactances in series rather than in parallel. 

Many students only gave the rms current, but not the peak current. The strongest 

students explicitly stated that the current lags the voltage. Some students gave the phase 

in radians, which was marked correctly but degrees would be preferable. 

 



 

   

Question 3 

(a) The impedance of the load referred to the primary is: 

 ZL’ = (N1/N2)
2(0.3 + j0.2) =  (10)2(0.3 + j0.2) = 30 + j20  

(b) The load current referred to the primary, IL’ is: 

 IL’  = 240/(ZL’+ R1 + R2 + X1 + X2) = 240/(40 + j30) 

 |IL’| = 4.8A 

The actual load current is: 

 |IL| = (N1/N2)×4.8 

  = 48 A 

(c) The real power dissipated in the load is: 

 P  = IL’2 RL’ = 4.82×30 

  = 691.2 W 

Or alternatively: 

 P  = IL
2 RL = 482×0.3 

  = 691.2 W 

The reactive power is: 

 P  = IL
2 XL = 482×0.2 

  = 460.8 VAR 

(d) The power loss Ploss = IL’2 (R1 + R2’) = 4.82 (6 + 4) = 230.4 W 

 Pin, total = 230.4 + 691.2 = 921.6 W 

 Efficiency = 230.4/921.6 

   =0.75 (i.e. 75%) 
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Examiner’s comment: Common errors were: 

• Misunderstanding that X denotes an imaginary component (reactance). 

• In (a), neglecting the units (ohms). 

• In (b), only calculating the load current referred to the primary. The full, correct 

answer is the load current referred to the secondary winding, which is the actual load 

current. 

• In (c), calculating the total real and reactive power dissipated, rather than the 

power dissipated in the load. 

• In (d), misunderstanding the definition of transformer efficiency. Many students 

calculated efficiency incorrectly as the ratio of apparent power out/in. The correct 

definition is the ratio of real power out/in. 

Question 4 

(a) 

 

which can be re-drawn as: 

 

(b) and (c) 

Input impedance Rin = R1 = 10 M 

Gain 

  dgsmout rRvgv 2  equation 1 



 

   

 outings vvv   equation 2 

Using equations 1 and 2 and eliminating vgs gives 
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Knowing that R2 rd = 5k20k = 4 k, we can calculate the gain as 

 
 

41/40
10410101

1041010
33

33











in

out

v

v
 

 = 0.976  

  1 

This value (unity!) is expected for a source-follower (also known as a unity gain buffer) 

Output impedance: Short circuit the input. Apply a test current ix and test voltage vx to 

the output terminal. 

 

  

  dxmx

dgsmxx

rRvgi
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2

2




 noting that vin=0, so vgs = -vx 
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   dxdxmx rRirRvgv 22   
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        =97 

High input impedance, low output impedance, unity gain. 

 

(d) 

 

 

2iRvout     equation 1 

gsout vv     equation 2 

  dgsmNout rivgvv   equation 3 

Substitute equations 1 and 2 into equation 3: 
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= -0.005 

 

Examiner’s comment: This question was answered reasonably well. Common 

mistakes in parts (a – c) were: 

 Failing to ground the FET drain in the small signal model, leaving it at 10 V. 

 Calculating the output impedance as rd in parallel with R2. This is incorrect, and 

the correct impedance is found by applying a test current and test voltage (ix, vx). 

 Incorrectly drawing vin = vgs in the small signal model. 

 Incorrectly assuming vin = vgs in the calculation of gain. 

The best students noted that, as a source follower, you would expect unity gain, which 

agreed with their calculated gain. Some of these students also noted the low output 

impedance and high input impedance, which are desirable in a buffer. 

 

Common mistakes in part (d) were: 

 Drawing vN across rd only. 

 Combining rd in parallel with R2, which is not correct as they do not share the 

same two nodes. 

No students noted how little the noise is amplified (gain = 0.005), which is a pity! 

In part (e), the vast majority of students correctly answered that Cout should be placed in 

series with RL to create a high pass filter. Some students didn’t explain why. In the 

calculation of Cout, some students used the wrong values of resistance. E.g. they added 

RL and Rout in parallel rather than in series, or they added RL and rd. 

Strangely, some students did not answer part 4(e) but could capably answer question 

5(c-ii), which is a closely related question. 

 


































