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Q1  Answer the following questions:
(a) List THREE (3) modes of operation of operational amplifier.
(3 marks)

(b)  AssumethatR>=R;and R3=Rg. Analyze Ryin terms of R; if the output voltage,
Vo is triple the difference of input voltages, V, = 3(V2-V)) for the circuit in

Figure Q1.1.
R,
Rz
V] — AW —— =
Op-amp —-——-—i—-—-— I
R,
15 NN+
Figure Q1.1

(c) The saturated output voltage are + Ve for the Schmitt Trigger circuit in Figure

Q1.2.

(1) Derive the upper and lower threshold voltage expressions, Vyrp and
Vi1p.

(4 marks)

(i)  Determine Ra, if Vsat = 12 V, Veer=-10 V and Rg = 10 kQ. Given that
the hysteresis width is 2 V.

(3 marks)
(iif)  Sketch and label the values of the voltage transfer characteristics of the
Schmitt trigger circuit.
(3 marks)
I
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Q2 Answer the following questions:

(a)

(b)

(c)

The transition band is one of three bands that describe the frequency response
of an active filter. Explain how the slope in the transition band represents the
quality of the frequency response.

(3 marks)
Answer the following questions:
(1) Calculate the cut-off frequency, f. and overall gain, A, for the circuit in
Figure Q2.1.
(4 marks)
(i)  Analyze the effect on the cut-off frequency if the capacitor value is
tripled.
(3 marks)
Vi
47kO

Figure Q2.1

Answer the following questions:

(1) Design a first-order high-pass Butterworth filter with a cut-off
frequency, f: of 100 Hz and pass band gain, A of 30 dB. Used feedback
resistor of 100 kQ.

(6 marks)
(1)  Draw the circuit of the filter.

(2 marks)
(i)  Sketch the frequency response graph for the filter.

(2 marks)
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Q3

Answer the following questions:

(a)

(b)

Gain with feedback, Ar is independent of amplifier gain, A. Ar depends on
feedback network, . A system without feedback has a mid-band gain of A =
63.98 dB and a high cut-off frequency of fiy = 75 kHz. If the system has a
feedback network with a feedback factor, B = 0.0048. Analyze the amplifier
performance.

(1) Evaluate the mid-band gain with feedback, As.

(4 marks)
(i)  Determine the new high cut-off frequency, fus.

(2 marks)
(iii)  Draw the frequency response for both systems.

(2 marks)

An amplifier system without feedback has the following specifications. Open
loop gain, A = 200, input impedance, Z; = 60 kQ and output impedance, Z, =
1.5 k€. If the system has negative feedback and the feedback factor is B=0.1.
Analyze the system through the followings, calculate the closed-loop gain, Ay,
input impedance, Zir and output impedance, Z for the amplifier with:

(1) Voltage series feedback.

(6 marks)
(i)  Voltage shunt feedback.

(6 marks)

| TERBUKA |
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Q4  Answer the following questions:

(a) Referring to the oscillator circuit depicted in Figure Q4.1, determine the value
of Rr to sustain the oscillation given the condition that R; = 0.5Ra, caiculate
both R and R: if the oscillating frequency, f, = 15 kHz.

(7 marks)

10 kQ

¥ 255 R,

Figure Q4.1
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(b)  In Figure Q4.2, if the range of oscillating frequency is 5 kHz < f < 20 kHz,
determine the range of R to produce those frequency values.

(9 marks)

12 kQ
¢ AMN—
HEF e
v
Figure Q4.2

(c) Describe the importance of input trigger signal in monostable operation of 555
timer. Use the appropriate formula in your analysis.

(4 marks)

T ERBUKA
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Q5  Answer the following questions.

(a)  Figure Q5.1 shows a full wave bridge circuit with a capacitor filter. Given
capacitor, C = 2200 pF, forward diode voltage, Vdiode = 0.7 V and DC current,
Lie=0.1V.

(1) Calculate the peak voltage at secondary winding, Vp(sec), output average
voltage, Vqc and peak-to-peak ripple voltage, Vip-p).

(6 marks)
(i)  Draw the output waveforms of V. and V.
(4 marks)
10:1
O
o ]‘ D, D,
c
240 V. V.. _
60 Hz L %
l D_'_: C ]—_— RL V;l

Figure Q5.1

(b)  Anadditional RC filter is connected to the cirenit in Figure Q5.1. Compare and
conclude on the old and new ripple factor, r(%) if the value R and C are 100 €2
and 470 uF, respectively. Use Ry, =200 Q.

(6 marks)

(¢)  Determine the minimum and maximum output voltages for volfage regulator in
Figure Q5.2 if given Ry = 150 Q and R» is a potentiometer with maximum
resistance of 5 kQ. Assume lapr=70 pA and Vier=2.5 V.

(4 marks)

+ —— ¥y

Figure Q5.2

- END OF QUESTIONS -
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APPENDIX A
Table APPENDIX A.1 List of Formula
Item Formula
Inverting Amplifier v, R,
A‘I' _——=——
i 1
Non-Inverting Amplifier V R,
A =—=2=1+—
v, R
Inverting Summing Amplifier R R
g g Amp Vu:_(_fm_fyﬁ .stJ
Rl 2 3
Non-Inverting Summing [ R, [ R R
Ampvlifier V=(1+— £V + 1V,
plle 1 RA+RB { 4+‘RB %
Subtracting Amplifier R R R
V= 1+ L || =2t~
R NEA+R R +R,
Instrumentation Amplifier
y g g g Mg 2R ) B
. vr‘n R.r R3
Integrator 1 s
V(1) === [T (1) de+7, (1)
Differentiator av (t
v, (1)=-rc )
dt
Schmitt Trigger R, R
; = Vi) +——(V,
UTP or LTP R[+R2( out{ ]) RI+R2(REF)
Cut-Off Frequency for a Filter F = 1
© 2nRC
1% Order Low Pass Filter
Af.(s)=£= P [ 1 ]
v, R, J\1+sRC
2" Order Low pass filter v A4,
A=)
V. (RCs) +(3—4,,)RCs +1
1% Order High Pass Filter .
4(S)=E-"—=[l+&) 11
i Rl Tibeaie.
SRC
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2" Order High Pass Filter v, #,
A[.(S)Z—U-(S)= O_
% : >+ Sl +1
(sRC) SRC
Negative Feedback — Gain y oy A
TV, 1+ 84
Positive Feedback — Gain _ 4
" 1-p4
Phase Shift Oscillator Ve _ 1
K ze==s
o'’ )\ SR orC
or ﬂzﬁ = 2p2 A2 1 Ip33
V, (1-50°R°C*)+ j(60RC-0’R'C )
1™ or f,= L
" 2zRCN6 7 2zRC
Wien Bridge Oscillator £ 1
° 272 JRR,CC,
Colpitts Oscillator Pu 1 e
2z LC, Y C+C,
Hartley Oscillator 1
0 = Ve
/s 27|CL,, w =hth,
UIT Relaxation Oscillator 7= 1
“ R In[lf(l —77)]
Square-Wave Oscillator fe 1 1 B= R,
T chm[Hﬁj] R +R,
1-p
Triangular-Wave Oscillator . 1 R
4R C R,
Capacitor Voltage v.(£)=v,(0) +(‘,C () —v, (O)) (l_e"r)
=7, (@) +(3,(0)—v,()) e *
I P
| TERBUKA
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Astable Multivibrator

T,=t,=7,In2=0.693(R +R,)C,
T =t=1,In2=0.6931,C,
T=T,+T,

1.44

/= (R +2R,)C,

D=—"n_x100%= 215
i e K+ 2K,

m 5

x100%

Monostable Multivibrator

T=1.1RC,

Ripple Factor

_ ripple voltage (rms) V...,
dc voltage ¥

% r x100

Half-Wave Rectifier with a Filter

V. v

= ~akp=pl) a(p)

V = ~
r(rms) 2\/5 2‘\/§fCRL

V V. I

r{p-p) r o OB _ “o(DC)

Ir:J(DCW = Va(p) = I}r(p-p) e
2 fCR,  fC

_ K(mm] - 1

Voe 2J3fCR,

Full-Wave Rectifier with a Filter

V. V.

__re-p) _ o(p) 1

V., = ~ S
" 2f3  4f3fCR, 43fC

i
v Fn ;Lo

p’
a(DC) =K’(P) ) I/"U\"'P'l = 2fC

o{p)

2/CR,

K(rms) ~ 1
Voe 43FCR,

Rectifier with Additional RC
Filter

v ~ £Q.V
r(rms) ~ R r(rms)

Inductor Filter

R, !
320L L

p=
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Shunt Regulator
VaEVB(RI-FRzJ Ve=V,+Vge
RZ
R +R
V= —+—2|(V,
’ ( R, J 2
Series Regulator R +R,
V= ] =(Vz +Vge) V,=V¥,; Ar
Rl Rl
Adjustable IC Regulator R,
Vo =Vig | 142 [+ 1y R,
1

—
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