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INSTRUCTIONS TO CANDIDATES

1. Please read CAREFULLY the instructions given in the question paper.

2. This question paper has information printed on both sides of the paper.

3. This question paper consists of TWO (2) Sections, Section A and Section B.

4. Answer ALL questions in Section A. For Section B, answer THREE (3) questions.
5. Answer ALL questions in the answer booklet provided.

6. Answer ALL questions in English language ONLY.

7. Formula sheet has been appended for your reference.

THERE ARE 6 PAGES OF QUESTIONS, EXCLUDING THIS PAGE.
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SECTION A (Total: 40 marks)

INSTRUCTION: Answer ALL questions.
Please use the answer booklet provided.

Question 1 (CLO 1)

(@ The second major application area of bipolar junction transistor (BJT) is
switching application. Explain how a BJT is used as an electronics switch.

(11 marks)
(b) Name the THREE (3) regions of a BJT.
(3 marks)
(c) Define DC current gain.
(2 marks)

(d) Describe how dc current gain varies with temperature and collector current.

(4 marks)
Question 2 (CLO 1)
(a) Describe the op-amp operation in common mode.

(6 marks)
(b) Define open-loop voltage gain of an op-amp.

(3 marks)
(c) Describe the input bias current.

(4 marks)
(d) lllustrate the op-amp voltage-follower circuit.

(5 marks)
(e) Name TWO (2) sources of dc output error voltages.

(2 marks)
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SECTION B (Total: 60 marks)

INSTRUCTION: Answer only THREE (3) questions ONLY.

Please use the answer booklet provided.

Question 3 (CLO 2)

(a) Given that the drain-to ground voltage in Figure 1 is 6 V. Determine the Q-point (Ip, V)
of the circuit.

(12 marks)

(b) Analyse the circuit shown in Figure 2 and determine gate-to-source voltage, V,, and
drain-to-source voltage, Vs, for the E-MOSFET. Given the data sheet information are:

Ipiony = 3mA@V;s = 4V, Vgseny = 2V.
(8 marks)
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Question 4 (CLO 2)

Figure 3 indicates the common-collector amplifier.

@) Determine ac emitter resistance, R,.

(b) Determine ac input resistance at base, Rin(base) -

(c) Determine the total ac input resistance, Rin(tor) -

(d) Determine the ac internal emitter resistance, re'.

(e) Determine the voltage gain, 4, .
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(2 marks)

(2 marks)

(4 marks)

(8 marks)

(4 marks)
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Figure 3

Question 5 (CLO 2)

(a) Analyse the circuit shown in Figure 4. Determine its bandwidth if given the open-loop

gain is 100dB and a unity-gain bandwidth (fT) is 3MHz.

(6 marks)
Rf = 47k0
'\‘(A‘.'_'
Rin= 10 —
Vin ARAA, L — g Vout
= O

Figure 4

(b) Determine the efficiency of the power amplifier in Figure 5. Given Rin(tory = 8.4k and
the power gain of the amplifier is 81 7,330.

(14 marks)

LEB22003 ANALOGUE ELECTRONICS Page 4 of 6



CONFIDENTIAL

R3
= Re 56kQ
56 kQ 4.7k '
]
C1=1.0 yuF . C1=0224F
| o \
| Q, R4
220
Q3
R2 v,
Vs 10kQ Re: T__{ =)
50 mvpp (L 80 B €4 =100uF
1.0kHz RE
: Speaker
330 80
= €2=100 uF ‘ W 1
=
Figure 5

Question 6 (CLO 2)

(a) The following information of operational amplifier are given from a datasheet:
Ziy =2MQ, Z,,, =750 and A,; = 200,000. Determine the following value for circuit

in Figure 6:
i.  the input impedance
(3 marks)
. the output impedance
(3 marks)
ii.  the closed-loop gain.
(3 marks)
iv.  name the configuration type if attenuation is 1.
(1 mark)
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(b) An operational amplifier shown in Figure 7 has the following parameter

Ao =50,000, Z;,, =4MQ, Z,,; = 50Q. Analyse the circuit and answer the following

questions:
I.  Name the circuit of Figure 7.

ii.  Determine its input impedance.

iii.  Determine its output impedance.

iv.  Determine its closed-loop voltage gain

Rin= 1k0
Viﬂ O_ AP S

Ri = 100k0

AP
T\‘
— \\

F

’7

igure 7

END OF EXAMINATION PAPER
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(2 marks)

(2 marks)

(3 marks)

(3 marks)
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List of Formulae — LEB22003 ANALOGUE ELECTRONICS

NO. FORMULA
1. [E = IC + IB
2. Ie
B = I
B
3. Ve = Vee — IcRc
4. Vep = Veg — Vag
Ic = Bpcl
Voltage-Divider Bias
6. Vg
_ ( RZHRIN(BASE) )
Ry + Ra||Ringask)
R,
= ¥,
(R1 + Rz) ce
7. VE = VB - VBE
8. Vi
Ir=l, =—
c E R,
9. _
Ve = Vee = IcR¢
10. ]
RIN(BASE) = BocRe
i I = Ve — Ve
E Rg + Rry/Bpc
Emitter Bias
12. I = —Veg — Vi
E Rg + Ry/Bpc
Base Bias
13.
Vee = Vee — IcR,
14 1 _ B (VCC - VBE)
c DC ——RB
Emitter-Feedback Bias
15,

1 — VCC - VBE
E 7 Rg + Ry /Bpc

Collector-Feedback Bias

16. . = Vee — Vae
¢ Rc + Rg/Bpc
17.
Ver = Vee — IcRe
Field-Effect Transistor (FET)
18. 2
- Ves
Ip =11 - v
GS(off)
19. Ve
IGm = Gmo|1— %
GS(of )
20. . 2pss
mo — 1., 1
Vasorn|
21. 2
Ip=K (VGS - VG.S‘(th))
Common-Emitter
£ . 25my
T, = IE
23.
Rin(base):ﬁ’acré
24,
Rinctoty = R1l|R2||Rin(base)
25. ~
Rout = Rc
26. R
A, =—
re
27
. IC
A = E
28. Ay = AL,
29.
Attenuation = =
Vy
_ Rs + Rin(tot)
Ringtory
30. 1
S
Attenuation
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Common-Collector

31.

A, = Re 1
Y 1r/+R,
32. '
Rin(base) = Bac(re + R.)
E BacRe
33. _(Rs
Rouwe = (%) lIRg
ac
34.
I
Ai = =
Iin
35.
Rinctor)
A, =———== 4.
P RL L
36. '
Rin(base) = Bac1Pac2(r'e
+R,)
Common-Base
37.
R,
A, =—
38. '
Rin(emitter) =r
39
Rou: =R,
40. A =1
41. A, =4,
Multistage Amplifier
42. i
Ay = Ay A Ays . Ay
43.
A‘D(dB) = ZOZogAv
Differential Amplifier
44,
CMRR = @
Acm
45.

cm

A
CMRR = 20log ( A"(‘”)
|

Class A Power Amplifier
46. . i
r Pi
47.
R:
— 2 n
Ao = A (R—L)
48.
PDQ = ICQVCEQ
49,
) Pout)max) = O-SICQVCEQ
Class B/AB Push-Pull Amplifiers
50. . _ ﬁ
c(sat) RL
51.
Pout = O-ZSIc(sat)VCC
Class C Amplifier
52 0.5V2
out = RC
53. . Py
Pout + PD(avg)
54, ton
PD(avg) = (T) PD(on)
t
= (%) Ic(sat) Vce(sat)
Comparator
55.
R,
=—-(4V
VUTP Rl = R2 (+ out(max))
56.
R,
Virp = —(=V,
LTP R1 + R2 ( out(max))
57.
Viys = Vyrp — Virp
Summing Amplifier
58.
Vour = =Vin1 + Vigz + -
I_ + VINn)
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Op-Amp Impedances

73.
Zintvny = (1+ AyB)Z;,,
74. " Zow
AN 1+4,8
75.
Zinwry = L+ Ag)Zip
76' _ Zout
Zout(VF) - 1 +Aol
77. ~
Zingy = R;
78. L
e = T
79. R:
B=—"
R, + R;

Op-Amp Frequency Responses

59. R
Vour = ——L (Vipy 4+ V,
our = T ¢ IN1 IN2
IN
+ o Vi)
60. R
Vour = —( v,
ouT Rina IN1
+ Y Vinz +
Ry
+ By )
Integrator and Differentiator
61' AVout - _ Vin
At R;C
62. Ve
Vout = - T RfC
Op-Amp Input Modes and
Parameters
63. A
CMRR = -2
Acm
64. A
CMRR = 20log (A "‘)
cm
65 I _ 11 -+ 12
BIAS 5
66.
lps = |I; — L}
67.
Vos = IosRin
68.
VOUT(error) = AylosRiy
69.
%4
Slew rate = —2%&
Op-Amp Configurations
70. | R;
A =14+—=
71.
Aqwry =1
72.
Ay = -1

80. BW = f.,
81- Vout _ 1
Vi 1+ f2/f2
82. Asi(mia)
Agp = r—=—
V1+f2/f2
83. f
6 = —tan™? (—)
fe
84. | foen = fecoy(1 + BAgyimiay)
85. | BWy = BWy(1+ BAoiimiay)
86. fT = Aclfc(cl)
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