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Q1. 

(a) Determine the input voltage (Vin1) from a cascaded operational amplifier 
circuit as shown in Fig.Q1(a). 

 

Fig.Q1 (a): A cascaded operational amplifier circuit. 

[5 marks] 

(b) 

 

Fig.Q1 (b) An Operational amplifier integrator Circuit 

A summing inverting negative feedback operation circuit, as shown in Fig. Q1 (b) with  
Vin , resistors Rin and capacitor C, and an output of Vout. 

 

i) Derive the formula for the output of the circuit in Fig.Q1(b) in term of Rin, 
C and Vin. 

[10 marks] 

 

ii) If a 0 to -1 volts repetitive input signal is applied to the integrator circuit, 

draw the output signal over time for four period time cycle.   

[5 marks] 

 

Question 1 continues over the page…. 

PLEASE TURN THE PAGE…. 
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Question 1 continued…. 

(c) Fig.Q1(c) shows the voltage gain against the frequency of an op-amp. Determine 

the cutoff frequency of an op-amp having a unit gain frequency f1  = 50 MHz and 

voltage differential gain Gd  = 25V/μV. 

 

Fig.Q1 (c) An Operational amplifier’s gain verse frequency 

[5 marks] 

 
Total 25 marks 

 

 

 

 

PLEASE TURN THE PAGE…. 
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Q2. 

(a) A half-wave rectifier circuit is composed from an AC source with RMS voltage 
of 120 V and a frequency of 60 Hz, a diode,  an inductor of 10 mH, and a load 

resistor of  5 ohms. Calculate and plot the current i along with 𝑣𝑆. 
                                                                                                       [15 marks] 

 

(b) A single-phase full-bridge inverter is operated from a 48 V battery and is 

supplying power to a pure resistive load of 10 ohms. Determine: 

 

i) The fundamental output voltage and the first five harmonics.        [5 marks] 

ii) Output RMS power and output fundamental power                       [2 marks] 

iii) Transistor switch ratings                                                                 [3 marks] 

Total 25 marks 
 

Q3. 

(a) A simple DC chopper is operating at a frequency of 2 kHz from a 96 V DC 

source to supply a load resistance of 8 ohms. The load time constant is 6 

millisecond. if the average load voltage is 57.6 V, find: 

 

i)  TON  period of the chopper                                                             [3 marks] 

ii) The average load current                                                               [4 marks]  

iii) The magnitude of the ripple current and its RMS value                 [8 marks] 

 

(b) Prove that : 

 

i) the line-to-line voltage of a balanced 3-phase voltages leads its 

corresponding phase voltage by 30𝑜                                              [5 marks] 

 

ii) the line-to-line current of a balanced 3-phase currents lags its 

corresponding phase current by 30𝑜.                  [5 marks] 

(Hint: You may use the circuit and phasor diagrams to support your 
mathematical derivations for both branches i and ii.) 

 
Total 25 marks 

                                 

PLEASE TURN THE PAGE…. 
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Q4.  

(a) Explain the power factor correction of a constant voltage inductive load. What is 

its importance in relation to reactive power utilisation and the supply current ? You 

may use a circuit diagram and the power triangle to answer this question.                              

   [9 Marks] 

 

(b)  For the circuit shown in Fig. Q4(b) . 

i)  Calculate the voltage at node A and node B. You may use KCL in your answer. 

[10 marks] 

ii) Draw the voltage and current phasor diagrams. Take VB as a reference phasor.                                                                                                                                                                                                    

[6 marks] 

 

 

Fig.Q4 (b) 

 

Total 25 marks 

 

PLEASE TURN THE PAGE…. 
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Q5.  

(a) A MOSFET Device (MTP14N06A) has load current of 5 A (rms), find its 
respective junction temperature at steady state. Given that Rθca = 5 oC/W, RDS (on) = 
0.2 Ω, Rθjc = 4.3 oC/W and PD(max)= 70 W.  

(8 marks) 
 

(b) An MOSFET IRF440 is required to operate at 30% duty cycle at the switching 
frequency of 10 kHz. Given the max. junction temperature Tj(max)= 80 oC, and the 
case temperature Tc(case)=40oC with ambient temperature TA(ambient)=30oC, Rcs= 0.02 
oC/W , find 
 
(i) The transient impedance Z          (5 marks) 
 
(ii) The Peak Power and the maximum current        (6 marks) 
 
(iii) The required heat sink           (6 marks) 

 
 

Total 25 marks 

Q6. 

(a) Enumerate the basic grounding system then explain what is meant by equipment 

grounding.           (10 marks) 

(b)  A rectangular plank floats in water. The base of the plank has a width of 25 cm, 
and  a  length  of  120 cm.  The thickness of the plank is  4 cm,  of which a uniform 
3.0 cm is below water level. 
 
    i) Calculate the pressure at the bottom of the plank, and thus the total upwards 
force from the water.           (4 marks) 
 

ii) What is the weight of the plank, and what is its mass?     (4 marks) 

iii) What is the density of the plank?         (2 marks) 

iv) If   the   plank   later   reaches   sea‐water,   which   has   a   density   of 
1027kg/m3, how much higher will it float in the sea water?                 (5 marks) 

 
Total 25 marks 

 

END OF QUESTIONS 

Formula sheets over the page…. 
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Formula sheet 
 

These equations are given to save short‐term memorisation of details of derived 
equations and are given without any explanation or definition of symbols; the student 
is expected to know the meanings and usage. 
 

Converters: 

 

 

 

 

 

 

𝑉𝑑 = 1.35 𝑉𝐿𝐿𝑐𝑜𝑠𝛼 − 3
𝜔𝐿𝑠

𝜋
𝐼𝑑  

cos(𝛼 + 𝑢) = 𝑐𝑜𝑠 𝛼 − 2
𝜔𝐿𝑠

√2𝑉𝐿𝐿
 𝐼𝑑  

   𝛾 = 180 − (𝛼 + 𝑢)  

PLEASE TURN THE PAGE…. 
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𝑉𝑝ℎ =
𝑉

√3
  , 𝐼𝑝ℎ = 𝐼   𝑓𝑜𝑟 𝑠𝑡𝑎𝑟 𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑜𝑛, 𝑉𝑝ℎ = 𝑉,    𝐼𝑝ℎ =

𝐼

√3
   𝑓𝑜𝑟 𝑑𝑒𝑙𝑡𝑎 𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑜𝑛  

𝑆 = √3𝑉𝐼    𝑉. 𝐴, 𝑃 = √3𝑉𝐼𝑐𝑜𝑠𝜃  𝑊. , 𝑄 = √3𝑉𝐼𝑠𝑖𝑛𝜃  𝑉. 𝐴. 𝑟     

𝑄𝐶 = √3𝑉𝐼𝐶   𝑉. 𝐴. 𝑟,   𝑋𝐶 =
𝑉

√3𝐼𝐶
  Ω      

 

 

PLEASE TURN THE PAGE…. 
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Operational amplifiers 

Non-Inverting amplifier:   

 

Inverting amplifier: 

 

 

 

Gain-Bandwidth Product:  f1=Gdfc 

      

Integrator: 

 

Differentiator:  

 

 

 

 

PLEASE TURN THE PAGE…. 
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Thermal analysis formula 

 

 

 

 

Three-phase systems 

 

 

Delta to Star conversion: 
 

 

 

 

 

 

 
PLEASE TURN THE PAGE…. 
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Star to Delta conversion: 

Gravity:  

9.81 m/s 
 

Thermal resistance of the 

interface material:  

 

Output voltage of a 
differentiator circuit: 
 

𝜃𝑐𝑠 =
(𝜌)(𝑡)

𝐴
 

 

 
 

 
Compressibility relationship: 

 
General manometer: 

 
 

Venturi meter: 

 
Force on a submerged wall: 

 
Drag coefficient: 

 
Flow through a small hole: 

 
Flow through a rectangular slit: 

 
 PLEASE TURN THE PAGE…. 
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Tank draining: 

 
Flow over a rectangular weir: 

 
Flow over a V‐notch weir: 

 
Poisseuille’s Law: 

 
Darcy’s Law: 

 
  

 
 
 

 

 

 

 

 

 

 

 

PLEASE TURN THE PAGE…. 
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Datasheet 

 

 
 
 

 
PLEASE TURN THE PAGE…. 
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Fig. Normalized On-Resistance (RDS(on))  verse Temperature 

 
 
Table: Rectangular Pulse Duration verse Effective transient Thermal Impedance 

Rectangular Pulse Duration 
(Seconds) 

 

Effective Transient Thermal 
Impedance, Zθjc (Ω) 

 

10 uS 0.08 

20 uS 0.12 

30 uS 0.18 

40 uS 0.22 

50 uS 0.30 

60 uS 0.35 

 

 
 
 
 
 

END OF PAPER 


