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Q1  Analyse the circuit shown in Figure Q1,

(a) Name the function of each Op-Amp, A1, A2, A3,and A4.

(2 marks)
® @ Determine the output for each Op-Amp (Vo1, Vo2, Vo3 and Vo).
(10 marks)
(i)  Draw all the waveforms based on answer in part Q1(b)(i).
(8 marks)
Q2 An active filter is shown in Figure Q2. Based on this circuit;
(@)  Name the type and order of the filter.
(1 mark)
(b)  Formulate the transfer function H(s) = V,(s)/Vi(s).
(7 marks)

(©) Calculate the gain in dB at the passband and determine the cut-off frequencies
of this filter when Ry =3.3kQ, R>=100k<Q, C; = 1.5 pF and C, = 68 pF.
(7 marks)

(d Sketch the frequency response of the overall filter circuit and label its cutoff
frequencies and gain in dB.
(5 marks)

Q3 (a) Explain TWO (2) differences between system with positive feedback and
system with negative feedback.
(2 marks)

(b)  With the aid of a block diagram, derive the closed-loop gain, Af of a negative
feedback system.
(8 marks)

(©) An amplifier with a negative feedback has a midband gain of 47.96 dB and low
cutoff frequency of 75 Hz. The feedback network of the system has a feedback
factor (B) of 0.0022.

) Determine the midband gain and the low cutoff frequency if the
amplifier does not have a feedback network. e m——
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(i)  Sketch the frequency response for both systems and label it clearly.
(3 marks)

Q4 (a) ) Explain the Barkhausen Criterion for an oscillator circuit.
(2 marks)

(1)  Describe the performance of an oscillator circuit if the loop gain falls
below 1 and also if the loop gain is greater than 1.
(2 marks)

(b)  An inverting amplifier circuit using Op-Amp 741 IC, a feedback resistor Ry =
145 kQ and input resistance, Ra is used in a feedback oscillator circuit. The
output pin of the amplifier is connected to the three RC network that can
generate frequency of oscillation of 50 kHz. Assume that R; =R, =R; =R and
Ci=C=C;=C.

)] Name the oscillator circuit.
(1 mark)

(i)  Draw the oscillator circuit.
(3 marks)

(iif)  Using a capacitor value of 0.001 pF, design the circuit by finding all
other component values.

(4 marks)

() ) Design a circuit using 555 timer that will produce an output as shown in
Figure Q4(c). Show the complete circuitry with labels. Use a capacitor
value of 0.01 pF.

(6 marks)

(i)  Calculate the duty cycle.
(2 marks)
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Q5 A voltage regulator circuit with an input voltage (Vi) of 36 V and regulated output
voltage (Vo) of 24 V is shown in Figure Q5.

The Zener diode used is IN4733A which has the following parameters:
Vz=51V Iz(min) = 1 mA Iz(max) = 178 mA
The transistor’s parameters: Icmin) = 1 mA and Icmax)= 80 mA.
(a) Design the voltage regulator circuit shown in Figure Q5. Find the values of

Ra, Rp, and range of Rs that can be used in the citcuil, such that the regulated

output voltage is maintained at 24 V.
(9 marks)

(b)  Determine the power rating for the transistor to be used in the circuit. Assume

the input voltage (V;) is fixed at 36 V.
(6 marks)

(©) Explain the operation of the circuit as a voltage regulator when the regulated
output is slightly increased from the stated regulated value.
(5 marks)

- END OF QUESTIONS -
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Table 1 List of formula
Inverting Amplifier v R,
A oo X
"V R
Non-Inverting Amplifier v R,
4, =—2=14+-1L
v &

Inverting Summing
Amplifier

Non-Inverting Summing
Amplifier

Subtracting Amplifier R R
V,=|1+=L V=iV,
R )\ R, +R, R +R,
Instrumentation
v 2R\ R
Amplifi =44, === 1+— || =%
plifier A, =44, . ( ) J(RJ
Integrator 1
7)== [0 7, 1)
Differentiator av (¢
7,(0)=-rc 20
dt
Schmitt Trigger R R
UTP or LTP — Rl +R2 ( out(max))+ Rl +IR2 (VREF)
Cut-off frequency for a i
filter ¢ 27RC
1% order Low Pass Filter
4, (5)=Le—f1+ R [ :
|4 R, J\1+sRC
27 order Low pass filter 14
4(5)=22() =20
v, (RCs)"+(3—A4,,)RCs +1
1%t order High Pass Filter
v, R 1 . e
e ):I_’:[Hﬁaj 11 A |
i 1 Pp— A i
SRC ) —
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Table 1 List of formula (Cont..)

2" order High Pass 14 A
Filter 4@ =3 @34~ 1
(sRC)*  sRC
Negative feedback — (= Vv, 4
Gain TV, 1+ p4
Positive feedback — Gain 4= A
T 1-p4

Phase shift oscillator

ﬂ =1L -
0 (1 ) ( 1 )
o’ R*C? d o’R’C*  wRC

=
b
e‘ "‘nw

o

=— 0Or e ——
27 RCAJ6 z 27 RC

1

1
(1-50°RC*)+ j(60RC-0’RC?)

1 J6

Wien bridge oscillator

o

ey yeres

1

Colpitts Oscillator

e O =
% 27JLC,, “"C+C,

1 CC,

Hartley Oscillator

[ = L,=L+L,

UJT relaxation oscillator

e

" RC, [l/(1-7)]
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FINAL EXAMINATION
SEMESTER / SESSION :SEM11/2017/2018 PROGRAMME CODE : BEJ
COURSE NAME : ELECTRONIC CIRCUITS COURSE CODE : BEL 30403
ANALYSIS AND DESIGN
Table 1 List of formula (Cont..)
Square wave Oscillator 1 1 R,
/= [ - 1+ 4 p= R, +R
cn(12) R
=4,
Triangular-wave Oscillator f= 1 R,
" 4RC R,
C it Ita; -
apacitor voltage vc(t)=VC(0)+(VC(°°)—VC(0)) (l—e%)
= v,(0)+(v,(0)-v,())
Astable Multivibrator T =t =7,In2=0.693 ( R +R, ) C,
T =t,=7,In2=0.693R,C,
T=T,6+T,
1.44
fr—
(R +2R,)C,
D=—"n_100%=L2*%2 1009
T, +T, R +2R,
Monostable Multivibrator T=1.1RC,
Ripple Factor i |4
% y = ripple voltage (rms) _ Viime) <100
dc voltage Ve
Half-wave rectifier with a filter oo Vrio-p) . Voo
a3 2BFCR,
|4 V 1
_ r(p-p) ~_0p) __ To(DC)
Vowey =Vop ~ ;p Vion ® fC; - fC
L
— r(rms) ~ 1
Voo 23fCR,

w
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Table 1 List of formula (Cont..)
Full-wave rectifier with a filter Vo = Veiony N ¥ _ Iy
23 4BfCR, 4BfC
v I V
_ *(p-p) _ o) . Top)
Vowey =Voim ~ 2,, - Vi = 27C = 2ng
L
I/vr(rms) 1
re= ~
Ve 4BfCR,
Rectifier with Additional RC , X
filter rems) " Veoms)
Inductor Filter R,
y ol
320l
Shunt regulator
K)EVB(EQF_EQ‘) Vs =Vz+Vip
R
v = (1_““&](;/2)
R,
Series regulator
v, =R, 4, VO—VZ[R‘“LRZ}
Rl il
Adjustable IC regulator R,
170 :I/ref 1+_ +Iadj R2
1
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