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PART A – Answer ALL questions.

A1. 	Describe the atomic structure of an intrinsic semiconductor material such as silicon and explain how it can be doped to produce an extrinsic semiconductor.
 [5 marks]


A2. 	Calculate the series resistor required to limit the current through a LED to 8mA with a forward voltage drop of 2.2V when connected to a 6V supply?
 [3 marks]


A3. 	Calculate IE in a transistor for which β = 90 and IB = 30μA.
 [4 marks]


A4. 	A system comprises 3 cascade amplifiers and an attenuator as shown in Figure A4. If the power gains expressed as a number are; Stage 1 = 75, Stage 2 = 150, Stage 3 = 50 and the Attenuator = 0.5, calculate the system gain expressed as both a number and in decibels.

Stage 1
Stage 2
Stage 3
Attenuator





Figure A4
 [4 marks]


A5. 	Calculate the gain of an inverting op-amp amplifier if the feedback resistor is 30k and the series resistor is 1.5k.
 [3 marks]


A6. 	Figure A6 shows a multi-stage OP-amp circuit. The resistor values are: 
Rf = 330kΩ ; R1 = 4.7kΩ ; R2 = 56kΩ and R3 = 12kΩ. Find the output voltage for an input of 200μV.
[image: ]







Figure A6
 [6 marks]




A7. 	Determine the critical frequency for the integrator circuit shown in Figure A7 if the feedback capacitor is 0.033uF.
[image: ]









Figure A7
[3 marks]



A8. 	Complete the table shown in Figure A8 by carrying out the required conversions

	
	Binary
	Decimal
	Hex

	Binary
	1000 11012
	
	

	Decimal
	
	12310
	

	Hex
	
	
	B716


Figure A8
[6 marks]


A9. 	Simplify the following Boolean expressions using a Karnaugh Map:




[6 marks]

Total Marks for Part A = 40



PART B – Only answer 2 of the following 3 questions (B1, B2, B3)
*If you answer all 3, only B1 and B2 will be marked*

Question B1 – Analogue Electronics

a.  Explain the operation of the circuit shown in Figure B1.1.
[image: ]








Figure B1.1
[4 marks]


b.  Draw the DC and AC equivalent circuits for the circuit shown in Figure B1.2.

[image: ]








Figure B1.2
[6 marks]


c. Explain how the bandwidth of the amplifier would be measured using standard test equipment.
 [6 marks]








d. Figure B1.3 shows a common emitter transistor amplifier. Given the following criteria, calculate the required values for the components; RL, RE, R1, R2, C1, C2 and C3. You must state any assumptions made.

Vcc = 14V, IQ = 2mA, hFE = 120, Input = 5mVpk @ 25kHz
[image: ]










Figure B1.3
 [14 marks]



Total Marks for Question B1 = 30


Question B2 – Op-amps
a. Describe the 5 main characteristics of an ideal op-amp.
 [10 marks]

b. Show how an op-amp can be connected to behave as:

i. An integrator
ii. A differentiator
[6 marks]

c. Calculate the output voltage from the circuit shown in Figure B2.1 for an input of 250μV and a 470kΩ feedback resistor.
[image: ]










Figure B2.1

 [5 marks]

d. Determine the output voltage for the summing amplifier shown in Figure B2.2 if the 3 inputs are 5V to R1, 9V to R2 and 11V to R3.
[image: ]









Figure B2.2
 [3 marks]







e. Determine the maximum operating frequency for the circuit shown in Figure B2.3. The slew rate is 1V/μs.  What would the maximum frequency be if the output voltage was required to be only 200mV.

[image: ]







Figure B2.3
 [6 marks]


Total Marks for Question B2 = 30
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Question B3 – Digital Logic Design

a. Show how the following gates can be implemented using NAND gates only:
i. NOT
ii. AND
iii. OR
iv. NOR
 [4 marks]

b. [bookmark: _Hlk108169940]Draw and complete the “comments” column for the truth table for a JK flip-flop shown in Figure B3.1.


	J
	K
	Q
	Q+
	Comments

	0
	0
	0
	0
	

	0
	0
	1
	1
	

	1
	0
	0
	1
	

	1
	0
	1
	1
	

	0
	1
	0
	0
	

	0
	1
	1
	0
	

	1
	1
	0
	1
	

	1
	1
	1
	0
	



Figure B3.1
[4 marks]



c. Design a finite state machine that will count repeatedly from 1 to 11 using a Moore model. The outputs W, X, Y and Z correspond to the current count.
[22 marks]
	



Total Marks for Question B3 = 30
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