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QUESTION #1

; istor in a common-emitter
a) Suppose the voltage-divider bias network is used to set the quiescent point of a 2N3904 NPN tranSlStz -
. i to a trade-off between
configuration. Explain, with the aid of load lines, why the choice of the collector resistor R¢c would lea

voltage gain and current gain. (4 marks)

i i ighlight tt
b)  Briefly explain how the SCR application shown in Figure 1 can be used as a DC switch. Your explanation should highlight the

various operating modes of an SCR, _ (5 marks)
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Figure 1: Silicon Controlled Rectifier (SCR) Application

€)  Sensor noise is the unwanted fluctuations in the output signal of the sensing system when the measurand is not changing.

@) Define four (4) types of sensor noise? : (2 marks)

(ii.) The rise and fall time of a sensor signal are generally inversely proportional to its bandwidth. Assume that the
rise time of a thermistor response is 0.05s and the bandwidth is Trise = 1/(2Af). Compute the magnitude of the
thermal noise at ambjent temperature of 27° if the thermistor resistance is 5k. (2 marks)

(iii.) Compute the signal-to-noise ratio of the sensor in (ii) if the average current through the thermistor is 0.2 mA.
' (2 marks)

the block diagram and the schematic diagram of the system.

UESTION #2

a) With the aid of suitable diagrams, describe the full-wave rectification using two IN4001 diodes. How would you modify the

circuit to output a voltage waveform of opposite polarity? (7 marks)

b) The SCR shown below has a latching current of 5 mA andis fired by a pulse of width 50ys, Determine if the SCR is fully ON or

not (i.e. if the SCR is latched-on). Suppose that current through the resistor in the ON state is given by i(t) = ‘;_5 (1—et 5)
L

- (6 marks)
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Figure 2: Silicon Controlled Rectifier (SCR) Application



JESTION #3

JES LN T

%,) Usinga suitable circuit, bri ;
x) , briefly explain SCR half-phase control. Assume that the holding current Iy = 0.

(8 marks)
b) Consider the circuit in your answer to question 3(a).
(1) Modify the circuit to achieve full-wave phase control (1 mark)
(“) Draw the output wave form of this modified circuit in (i) (1 mark)
(iii.) Use the circuit in (i) explain what you understand by asymmetric switching. Modify the circuit in (i) so as to
- mitigate the occurrence of asymmetric switching in the circuit. (2 maes)
(iv)  Givea relative advantage of using two "anti-parallel” SCRs instead of a single thyristor component. (1 mark)
QUESTION #4

a) With the aid of suitable examples and diagrams, explain briefly whatyou understand by smart sensors. (5 marks)

b) What are the categories of performance characteristics of sensors? Define and explain any three specifications within each

category. (8 marks)
UESTION #5
a) With the aid of diagrams,
@) explain the difference between electromechanical solenoids and electromechanical relays. (4 marks)
(ii.) explain how a rack and pinion mechanism can be used to convert the rotary motion of rotary actuators to linear

motion and give a real-life application example. (4 marks)

b) Stateany five criteria for selection of actuators for a particular application. (5 marks)

UESTION #6

Wwith the aid of a well-labelled diagram, explain the processes involved in printed circuit board (PCB) design. (13 marks)



