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Question 1 

a) Sketch the output (Io/Vos) and transconductance (Io/VGs) characteristics of a P-channel 
junction field effect transistor (JFET). [4 marks] 

b) The amplifier circuit in figure 1 employs an enhancement metal oxide sem iconductor field effect 
transistor (MOSFET) with K = 40mA/V2, VT = 2.7V and Vdd = lSV. Ignore the MOSFET output 
resistance in your calculations. All resistance values are in ohms unless when indicated otherwise. 
(i) Calculate the ampl itude of the output voltage Vout· [6 marks] 

(ii) Determine the coupling capacitance values if the amplifier is required to have a lower cut-off 
frequency of 30Hz. [4 marks] 
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Figure 1 

c) A thermistor with a resistance of 2000 ohms at 25°C (see fi gure 2) is connected in series 
with a resistor of 1000 ohms across a supply of 10 volts. The vo ltage developed across the 
thermistor is applied to the input of an inverting operational atnplifier, which has a gain of 
-20. 
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(i) Draw the an1plifier circuit, showing how it is connected to the thermistor circuit. Indicate 
all resistance values. [3 marks] 

(ii) Calculate the temperature value if the output vo ltage of the amplifier is -22.2V. [3 marks] 

Question 2 

a) With the aid of diagrams, describe the operation of first order active low pass, high pass, 
band pass as well as band stop (notch) filters. State the expressions of their cutoff 
frequencies and illustrate them on separate block diagrams. [12 marks] 

b) An active first order low pass filter consists of a resistor R = 4. 7k and capacitor C = 1 OuF, 
Calculate the cutoff frequency and the output voltage at calculated cutoff frequency if the 
input voltage is 5V. [4 marks] 

c) Design an active first order high pass filter with a cutoff frequency of 5kHz using a resistor 
of2.2k. [4 marks] 

Question 3 
a.) With the aid of diagrams, describe the operation of a bipolar junction transistor (BJT) 
astable, monostable and bistable multivibrators. Derive expressions of their osci llation 
frequency where applicable. [15 marks] 

b) Design a BJT monostable multivibrator, which has a time delay of 1.54 seconds . 

[5 marks] 

Question 4 
a) Design an amplifier, using an op-amp with a feedback resistor of 80 k, to take voltages Vl , 

V2, V3, V4 and to produce an output given by Yo= -(VI + 2V2 + 4V3 + 8V4). [4 marks] 

b) Design a non-inverting and inverting amplifier with a voltage gain of +/-20 respectively 
and feedback resistance of 2k, Calculate the output voltages in each case when the input 
voltage is 5V at Vs = +/-1 2V. [6 marks] 

c) A Schmidt trigger circuit is used to modify the waveform of a sinewave of frequency 1kHz 
and peak 12 volts. The trigger c ircuit has a supply voltage of 12 volts with the potentiometer 
set to produce a reference voltage of +4 volts. If Rl = R2 = I k, what w ill be the length of 
the mark (positive pulse) and space (negative pulse) in the resulting waveform? [6 marks] 

d) Identify the circuit in figure 3 and describe its operation. [4 marks] 
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Question 5 
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a) With the aid of diagrams, derive the expressions for the output vo ltage Vo for both the 
differentiator and integrator circuits hence evaluate Vo in each case when R = I Ok, C = 

1 OOuF, and Yin - l2sin(l Ot) over the time interval 0 to Sms. 
[12 marks] 

b) Figure 4 shows a simple diode circuit, calculate the labelled circuit currents, potential drops 
and power dissipations in each resistor. [ 6 marks] 
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c) State Shockley equation and explain the meaning of each symbol. [2 marks] 


