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THIRD YEAR SECOND SEMESTER EXAMINATION FOR THE DEGREE OF 
BACHELOR OF TECHNOLOGY IN MECHANICAL ENGINEERING 

EMT 3351: POWER ELECTRONICS 
 

INSTRUCTIONS 
Answer question one and any other two 

 
QUESTION ONE (30 MARKS) 
a). With the help of a block diagram, discuss how the various components of a Power 
Electronics System are interlinked.                                                                   (4 marks) 
b). an ADC (analog to digital converter) has n = 3, Rf = R = 6 kΩ, the input voltage scale is 
0–10 V and Vr = 5 V. Calculate its: 

i.) Full-scale range                                                                                                   (2 marks) 
ii.) Resolution                                                                                                            (2 marks) 
iii.)  Amplification gain using an inverting amplifier for signal conditioning, assuming that 

voltage output from a piezoceramic transducer can be up to 500 V.                 (2 marks)                                           
c). explain the following with respect to Power Diodes: 

i.) DC Blocking Voltage                                                                                        (2 marks) 
ii.) RMS Reverse Voltage                                                                                      (2 marks) 

d). A half-wave rectifier has a sinusoidal source of 120 V rms at a frequency of 60 Hz. The 
load resistor is 5Ω. Determine: 

i.) The average load current                                                                                   (2 marks) 
ii.) The average power absorbed by the load                                                          (2 marks) 
iii.)  The power factor of the circuit.                                                                         (2 marks)                                            
e). A buck dc-dc converter has the following parameters: Vs = 50V, D = 0.4, L = 400µH, C = 
100µF, f = 20kHz, R = 20Ω. Assuming ideal components, determine: 

i.) The output voltage Vo                                                                                      (2 marks) 
ii.) The maximum inductor current                                                                        (2 marks) 
iii.)  The output voltage ripple.                                                                                 (2 marks) 
f). i). Discuss two practical applications of mechatronics                                           (2 Marks) 
    ii). Give the characteristic equation of a second order system                                (2 marks) 
 

QUESTION TWO (20 MARKS) 
a) Discuss two advantages and disadvantages of power conversion using power electronic 

devices.                                                                                                          (4 marks) 
b) i). define thyristor commutation.                                                                   (2marks) 

ii). Discuss the following types of thyristor commutation:  
I. Forced commutation                                                                 (2 marks) 

II.  Load commutation                                                                    (2 marks) 
c) A p-n junction diode has a reverse saturation current rating of 50 nA at 32°C. What 

should be the value of the forward current for a forward voltage drop of 0.5V. Assume 
V

T 
= KT/q at 32°C = 26 mv.                                                                           (4 Marks)  

d) A single-phase half wave rectifier has a purely resistive load of R and the delay angle 
is α=π/2, determine the expression for: 

i.) The output voltage                                                                                      (2 marks)  
ii.) The efficiency                                                                                             (2 marks)  
iii.)  The peak inverse voltage, PIV of the thyristor.                                          (2 marks) 
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QUESTION THREE (20 MARKS) 

a). With the help of a well labelled diagram, explain the structure of a Power BJT  
(6 marks) 

b). A power BJT has a current gain β = 40. The load resistance RC = 10Ω, d.c 
supply VCE = 130V and VB = 10V. for VCEs =1.0V and VBEs = 1.5V, calculate:  

i. The value of RB for operation in the saturated state                  (2 marks)   
ii. The value of RB for an overdrive factor of 5                             (2 marks)   
iii.  Forced current gain                                                                    (2 marks) 
iv. Power loss in the transistor under the saturated state                 (2 marks) 

c). A push pull converter has the following parameters:  
Vs = 30V, Np/Ns = 2, D = 0.3, Lx = 0.5mH, C = 50µF, f = 10kHz. Assuming all components 
are ideal, determine: 

i.) Output voltage Vo                                                                                        (2 marks)      
ii.) Average load current iLx                                                                                                                      (2 marks) 
iii.)  Output ripple voltage                                                                                   (2 marks) 
      
QUESTION FOUR (20 MARKS) 

a). By use of an I-V curve, explain the transfer characteristics of power E-MOSFET                
(8 marks) 

b). Define the following terms with respect to SCRs                                             (6 marks) 
i. Holding current 
ii. Latching current 
iii.  Delay time 

c). An SCR gate-cathode characteristic has a straight line slope of 130, trigger source voltage 
of 15V and allowable gate power dissipation of 0.5 watts. Calculate the gate-source resistance. 
.                                                                                                                                     (6 marks)                           
QUESTION FIVE (20 MARKS) 

a). With the use of a neat block diagram, discuss the main components of mechatronic system              
(6 marks) 

b). A 12-bit weighted resistor DAC (digital-analog converter) has Rf = 5 kΩ, VR = 5 V, and 

R = 5 kΩ. Calculate the value of Vo for: 
i.) The most significant bit                                                                                   (2 marks) 

ii.) The maximum value of the digital input                                                          (2 marks) 
iii.)  The output for binary input 100010010001                                                     (2 marks) 

c). A DC chopper has a resistive load of R=10 and input voltage is Vs=220V. When the chopper 
switch remains on, its voltage drop =2V, duty cycle =50% and the chopping frequency of f 
=1kHz, determine:  

i.) the chopper rms output voltage                                                          (2 marks)  
ii.) the chopper output power                                                                   (3 marks)  
iii.)  chopper efficiency                                                                              (3 marks)  

 


