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MACHAKOS UNIVERSITY 
University Examination 2018/2019 

 

SCHOOL OF ENGINEERING AND TECHNOLOGY 

DEPARTMENT OF ELECTRICAL AND ELECTRONICS ENGINEERING 

THIRD YEAR SECOND SEMESTER EXAMINATION FOR 

BACHELOR OF SCIENCE (MECHANICAL ENGINEERING) 

EMM 300: ENGINEERING ELECTRONICS  

DATE: 16/5/2019                 TIME: 8.30-10.30 AM 

 

INSTRUCTIONS 

Answer Question ONE and any other TWO Questions. 

 

QUESTION ONE (30 MARKS) 

a) i Design a four-resistor bias network for an npn transistor to give IC = 10  

µA and VCE = 6 V if VCC = 18 V and βF = 75.  

ii. Replace your exact values with the nearest values from the resistor table in 

Appendix and find the resulting Q-point.                                                    (10 

marks) 

b) Derive the relationship between base current amplification factor β and emitter current 

amplification factor α.                                                                                             (6 

marks) 

 i. State the two types of complement for a number system whose  

 radix = r. 

 ii. Find the 2’s complement of the decimal number 1/16. 

ii. Determine the nine’s complement of the decimal number 25.638?[7 marks]                                         

c) For the network of Fig.Q1 (c) 

 i. Determine ICQ and VCEQ; 

 ii. Find VB, VC, VE and VBC.  



Examination Irregularity is punishable by expulsion  Page 2 of 8 

 

 

                                     Fig.Q1 (c)                                                                                          (7 

marks) 

 

QUESTION TWO (20 MARKS) 

a) Determine the dc bias voltage VCE and the current IC for the voltage-divider configuration 

of Fig.Q2 (a). 
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Fig.Q2 (a).                                                                                                                             (8 

marks) 

b) The parameters of the zener diode for the voltage regulator of the circuit of Fig. Q2 (b) 

are VZ = 4.7 V at test current IZT = 53 mA, RZ = 8 Ω, and RZK = 500 Ω at IZK = 1 mA. 

The supply voltage vS = VS = 12 ± 2 V, and Rs = 220 Ω. 

i. Find the nominal value of the output voltage vO under no-load condition RL = ∞; 

ii. Find the maximum and minimum value of the output voltage for a load resistance 

RL = 470 Ω; 

iii. Find the nominal value of the output voltage vO for a load resistance RL = 100 Ω; 

iv. Find the minimum value of RL for which the zener diode operates in the 

breakdown region. 

 

Fig.Q2 (b)                                                                                                                 (12 

marks) 
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QUESTION THREE (20 MARKS) 

a) Find the Boolean expression for the logic circuit in FigQ3 (a). 

 

 

FigQ3 (a)                                                                                                                    (6 

marks) 

b) A single-phase rectifier can be employed as a battery charger, as shown in Fig. Q3 (b). 

The battery capacity is 100 Wh, and the battery voltage is E = 12 V. The average 

charging current should be Io(av) = 5 A. The primary AC input voltage is Vp = 120 V 

(rms), 60 Hz, and the transformer has has a turns ratio of n = 2:1.  

 

 

Fig.Q3 (b). 

  

Calculate 

i. the angle δ over which the diode conducts; 

ii. The current limiting resistance R; 

iii. The power rating PR of the resistance R; 

iv. The charging time h in hours; 

v. the rectifier efficiency ηR; 
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vi. The peak inverse voltage PIV of the diode.                                                  (14 

marks) 

 

 

 

QUESTION FOUR (20 MARKS) 

a) Consider the ac equivalent circuit of the Hartley oscillator in Fig.Q4 (a)  

i. Derive the expression for the frequency of oscillation; 

ii. Determine the condition for sustained oscillations. 

 

 

Fig.Q4 (a)                                                                                                                 (14 

marks) 

b) Draw a block diagram of a BCD-to-7 segment decoder indicating the output given that 

the input is 0101.                                                                                                              (6 

marks) 

 

QUESTION FIVE (20 MARKS) 

a) i Define synchronous counters. 

ii Design a MODULO-5 synchronous counter using JK flip-flops.              (13 

marks) 

b) Explain how a shift register can be used as a ring counter giving the wave forms at the 

output of the flip-flops.                                                                                             (7 

marks) 
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Appendix 
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