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PART A – Answer ALL Questions.

A1. Find the gain in dB in the following cases:

a. Voltage gain of 220 
b. Power gain of 2500
(4 marks)


A2. An amplifier rated at 55W output is connected to a 8Ω speaker. Calculate the input power required for full power output if the power gain is 45dB.
 (3 marks)


A3. The overall gain of a multistage amplifier is 1500.  When negative voltage feedback is applied, the gain is reduced to 50.  Find the fraction of the output that is fed back to the input.
(4 marks)


A4. Explain the principle of operation of the Colpitts oscillator.
(5 marks)


A5. Describe with the aid of a diagram the equivalent circuit of a quartz crystal.
(4 marks)


A6. Find the capacitance of the capacitor required to build an LC oscillator that uses an inductance of L1 = 2uH to produce a sine wave of frequency 20MHz.
 (4 marks)


A7. A tuned amplifier has maximum voltage gain at a frequency of 10MHz and the bandwidth is 75kHz. Find the Q factor.
 (3 marks)




A8. Determine the component values required for an active 2nd order unity gain high pass Bessel filter with a 3dB cut-off frequency of 120kHz.  A capacitor of 1nF is available and an extract from the Bessel co-efficients table is given below.
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 (8 marks)


A9.  Explain the main features of the Butterworth filter types.  Illustrate your answer with appropriate bode plots.
(5 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*

B1 – Special Amplifiers

a. A three-stage amplifier has a first stage voltage gain of 450, second stage voltage gain of 150 and third stage voltage gain of 125. Find the gain of each stage and the total voltage gain in dB.
(4 marks)

b. An amplifier feeding a resistive load of 3k has a voltage gain of 55dB. If the input signal is 2mV, find:
i. The output voltage
ii. The load power 
(4 marks)

c. Figure B1.1 shows a direct coupled two-stage amplifier. Determine the DC voltages for both stages if Vcc is 24V.
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Figure B1.1

(8 marks)

d. The voltage gain of an amplifier without feedback is 3200.  Calculate the voltage gain of the amplifier if negative voltage feedback is introduced in the circuit.  Given that the feedback fraction mv = 0.012.
(3 marks)




e. Compare the 3 types of coupling; RC, transformer and direct in terms of frequency response, cost, impedance matching and use.
(4 marks)

f. For the tuned amplifier shown in Figure B1.2, determine the resonant frequency, the Q of tank circuit and the bandwidth of the amplifier for the following component values:  
C = 0.82uF, L = 56mH.
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Figure B1.2

(3 marks)

g. The Q of a tuned amplifier is 200.  If the resonant frequency for the amplifier is 5MHz, find the bandwidth and the cut-off frequencies.
(4 marks)




Total Marks for Question B1 = 30


Question B2 – Filter and Oscillator Design

a. The general formula for calculating the resistor values in a low pass filter is:




Using a 470pF capacitor for each stage, design a 5th order unity-gain Bessel low pass filter with corner frequency (fc) of 75kHz.
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(20 marks)

b. Calculate the inductor value required for a Hartley oscillator so that the frequency of oscillation is 3MHz. Take mv  to be 0.25 and the capacitor value to be 2pF.
(7 marks)

c. A phase shift oscillator uses 22pF capacitors. Find the value of R to produce a frequency of 100kHz.
(3 marks)
[bookmark: _GoBack]




Total Marks for Question B2 = 30



Question B3 – Finite State Machines

a. Using the Moore machine model, design a traffic light controller. The circuit will have 1 input (Trigger), 3 outputs (red, amber, green) and should behave as follows:
Sequence is:
· Red
· Red/amber
· Green
· Amber
· Red

The circuit should wait when at red or green until the ‘Trigger’ input goes high. On red/amber and amber it should automatically progress to the next state on the next clock (no waiting).

i. Allocate the states and draw a state transition diagram	

ii. Compile a state transition table

iii. Derive simplified expressions for the next state logic QA+, QB+ and the 3 outputs.

 (15 marks)

a. Using the Moore FSM, design a sequence detector that will detect the sequence 010 from a serial bit-stream. The circuit has 1 input “T” (the bit stream) and 3 outputs connected to 3 LEDs (X,Y,Z) which should light according to how many of the correct bits have been received as follows:


	Input
	X
	Y
	Z

	0 correct bits (1)
	0
	0
	0

	1 correct bit (0)
	0
	0
	1

	2 correct bits (01)
	0
	1
	1

	3 correct bits (010)
	1
	1
	1




[15 marks]


Total Marks for Question B3 = 30
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