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	Part A
	Question
	Marks

	
A1




A2



A3










A4














A5















A6











A7



A8




















A9















	
Av = 20log220 = 46.8dB

Ap =10log 2500 = 34dB


Pin = Pout / antilog(4.5) = 1.74mW




Rearrange for mv



 = 19.3


It uses two capacitors placed in parallel with an inductor L and the centre of the two capacitors is tapped. The tank circuit is made up of C1, C2 and L. When the circuit is turned on, the capacitors C1 and C2 are charged. The capacitors discharge through L, setting up oscillations.  The output voltage of the amplifier appears across C1 and feedback voltage is developed across C2. The voltage across it is 180° out of phase with the voltage developed across C1 (Vout).  It is easy to see that voltage fedback (voltage across C2) to the transistor provides positive feedback. A phase shift of 180° is produced by the transistor and a further phase shift of 180° is produced by C1-C2 voltage divider. In this way, feedback is properly phased to produce continuous undamped oscillation.





Although the crystal has electromechanical resonance, we can represent the crystal action by an equivalent electrical circuit. When the crystal is not vibrating, it is equivalent to capacitance Cm because it has two metal plates separated by a dielectric. This capacitance is known as the mounting capacitance.  When a crystal vibrates, it is equivalent to an RLC series circuit. Therefore, the equivalent circuit of a vibrating crystal is RLC series circuit shunted by the mounting capacitance Cm as shown below.
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Rearranging for C1
[image: ]
 = 

= 31.6pF

Q = Frequency / Bandwidth
 	= 10M / 75k = 133
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The Butterworth low-pass filter provides maximum passband flatness. Therefore, a Butterworth low-pass is often used as anti-aliasing filter in data converter applications where precise signal levels are required across the entire passband. The rate of roll-off is 20dB/decade.
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	Q. B1
	Question
	Marks

	
a.




b.


c.



















d. 






e.  


















f.







g.
	
A1 = 20log450 = 53.1dB
A2 = 20log150 = 43.5dB
A3 = 20log125 = 41.9dB
Total = 138.5dB

Vout = Vin x antilog(55/20) = 1.12V
Pload = V2/R = 1.122/3000 = 418uW

First Stage
IR1 = IR2 = Vcc / (R1 + R2) = 24/122k = 197uA

VB1 = VR2 = IR2 x R2 = 197u x 22k = 4.33V

VE1 = VB1 – 0.7 = 5.03V

IR4 = VE1 / R4 = 5.03 / 4.7k = 1mA

Assuming IC1 = IR4, then VC1 = VCC – IC1R3 = 24 - (1m x 22k) = 2V

Second Stage
VB2 = VC1 = 2V

VE2 = VB2 – 0.7 = 1.3V

IR6 = VE2 / R6 = 130uA

Assuming IC2 = IR6, then VC2 = VCC – IC2R5 = 24 - (130u x 10k) = 22.7V


	
 =  = 81.2
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	=
	
	=  743KHz



= 5M / 200 = 25kHz
Lower frequency = f – ½ Bandwidth = 5M – 1.25k = 4.987500MHz
Upper frequency = f + ½ Bandwidth = 5M + 1.25k = 5.012500MHz
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	Q.B2
	Question
	Marks

	
a.





















































b.



















c.



	
a1 = 6656
a2 = 1.1402,     b2 = 0.4128
a3 = 0.6216,   b3 = 0.3245

Stage 1
[image: ]
	

	= 3kΩ

	Stage 2
	

	 
	
Taking C2 as 600pF  (students may choose a different value)


	 
 

Stage 3


	 
	
Taking C2 as 1.6nF
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	=  = 1.4mH

	For inductors in series  LT = L1 + L2, we also know L1 = 4L2
	Therefore, LT = 4L2 + L2 = 5L2
	Rearranging for L2 gives
	L2 = LT/5 = 1.4m/5 = 0.28mH
	L1 = 4L2 = 0.28m x 4 = 1.13mH
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	29.5kΩ
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	Q. B3
	Question
	Marks

	 
a.


































































b.i



ii.









iii. 
















	
Allocate states and draw state diagram

S0 = Red, S1 = Red/Amber, S2 = Green, S3 = Amber

S0
S3
S2
S1
T=0
T=1
T=X
T=1
T=0








T=X


	
	Draw State table
	
	Current
	Next
	Next
	Output

	
	T=0
	T=1
	T=0
	T=1
	

	
	
	
	QA+
	QB+
	
	QA+
	QB+
	
	R
	A
	G

	S0
	S0
	S1
	0
	0
	
	0
	1
	
	1
	0
	0

	S1
	S2
	S2
	1
	0
	
	1
	0
	
	1
	1
	0

	S2
	S2
	S3
	1
	0
	
	1
	1
	
	0
	0
	1

	S3
	S0
	S0
	0
	0
	
	0
	0
	
	0
	1
	0



Draw Karnaugh Maps
	
	   QA+					       QB+
	AB
T
	00
	01
	11
	10
	
	AB
T
	00
	01
	11
	10

	0
	0
	1
	0
	1
	
	0
	0
	0
	0
	0

	1
	0
	1
	0
	1
	
	1
	1
	0
	0
	1

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	

	

	
	
	
	
	
    Red
	

	
	
	

	
	
	
	
	
	
	B
A
	0
	1
	
	

	
	
	
	
	
	
	0
	1
	1
	
	

	
	
	
	
	
	
	1
	0
	0
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
Amber
	

	
	
	

	
	
Green
	
	
	
	

	B
A
	0
	1
	
	
	
	B
A
	0
	1
	
	

	0
	0
	1
	
	
	
	0
	0
	0
	
	

	1
	0
	1
	
	
	
	1
	1
	0
	
	



	Derive Boolean Expressions
	
	

	

	 

	
	
	



Allocate states and draw state diagram

S0 = No correct bits   		Output XYZ = 000
S1 = 1 correct bit		Output XYZ = 001
S2 = 2 correct bits		Output XYZ = 011
S3 = 3 correct bits		Output XYZ = 111
S0
S3
S2
S1

T= 1
T=0
T=0
T= 1
T= 1
T=0
T= 1
T=0











	




	
	Draw State table
	
	
	Current
	Next
	Next
	Output

	
	T=0
	T=1
	T=0
	T=1
	

	
	
	
	QA+
	QB+
	QA+
	QB+
	X
	Y
	Z

	S0
	S1
	S0
	0
	1
	0
	0
	0
	0
	0

	S1
	S1
	S2
	0
	1
	1
	0
	0
	0
	1

	S2
	S3
	S0
	1
	1
	0
	0
	0
	1
	1

	S3
	S1
	S2
	0
	1
	1
	0
	1
	1
	1





	Compile truth tables

	     QA+					       QB+
	AB
T
	00
	01
	11
	10
	
	AB
T
	00
	01
	11
	10

	0
	0
	0
	0
	1
	
	0
	1
	1
	1
	1

	1
	0
	1
	1
	0
	
	1
	0
	0
	0
	0

	
X
	

	
	
	
	
	
    Y
	

	
	
	

	B
A
	0
	1
	
	
	
	B
A
	0
	1
	
	

	0
	0
	0
	
	
	
	0
	0
	0
	
	

	1
	0
	1
	
	
	
	1
	1
	1
	
	

	
Z
	

	
	
	
	
	
	
	
	
	

	B
A
	0
	1
	
	
	
	
	
	
	
	

	0
	0
	1
	
	
	
	
	
	
	
	

	1
	1
	1
	
	
	
	
	
	
	
	



	Derive Boolean Expressions
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