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1. Warm up question 5 points
ELEC 102
Electronic Circuits I la.  Leta=3,b=7,andc= 16, compute Req as a rational number (nvn). 4 points
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) This is a closed book examination. {
(2)  Calculators are allowed. . = o+ T R
3) Answer all questions in the space provided. Request for.additional sheets from
proctors only if necessary.
(4)  Show all your calculations. No marks will be given for unjustified answers, !

(5) Do your own work. Any form of cheating is a violation of academic integrity, and = 1+
will be dealt with accordingly. e
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ELEC 102 Final Examination HKUST Fall 99 . ELEC 102 Final Ex
. i =R;=Ry=Ry=R,and G=3/R. C te V. 3 points
2. Resistive network with dependent source 8 points 2. WithRi=R;=Ry=Rs=R, an ompute Vo pol
2a.  We need to compute the voltage V, for the following circuit. 5 points v 3
Use nodal analysis to write equations at appropriate nodes. w Voo = Vs ( JE "IE) ]
Determine the condition of G such that no solution exists (i.c., N = 2 NV — 3 — N
some voltages go to infinity). O .'7 (_E + 2) in € _% =%
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3, ‘We want to use two approaches to find the output voltage v4(1)

15 points
of the following circuit.

L
. YL +
- _L‘. L=10uH
vi(t) ’:’R Yolt) C=1yF

3a.  The first method is to use phasor.
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A

¢ 6 points
With vi(t) = 10cos(3% 10™), find vg(t).
B
s ME o
e e e B
Vit sL+ RIS S+ iR SLASLCP
Vol% _l—_’_ i
e T |+§,'.?i+§1L(.—
. L I — A
= V.(j%aw) = ot __(gx,ij‘“': %0
(+ J’l.u '0/“
L ) %10
S R ——

o =\ .- ,,g_
{= 4% w4 )35
_ e

=0+~ 3%

y %19

_ L

TR

\
33 L8
20y £93°

Xis

t

2 ey s 20y gn (2 4 - gz") “

5
ELEC 102 Final Examination HKUST Fall 99
. \F %uor
DJ"S
B
~204D ;
~LodB
- Q)Q) 1
1o 107 |nb 1o {o A
I
0°
N
\\
- go'
\\
o
bl 3V
,u“ s 1w py ot o )

ELEC 102

3b.  The second method makes use of Bode plots.
Derive the transfer function H(s) = Vi(s)/Vi(s) of the LCR circuit.
Hint; The denominator can be factorized into two first order terms.
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3 points
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3c.  Skeich the Bode plots of H(s) (graphs on next page). 4 points
3d.  Read the magnitude of 20log!Hi and phase of MHato=3x10", 2 marks
Thus, find ve(t) accordingly. (The answer differs slightly from that of 3a.)
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4. The internal structure of an oscilloscope 10X probe is shown below. 12 points
Ry
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circuit element  Via 2= 7 s Vo
4a. Derive the corresponding transfer function Vo(s)Vils). 6 points
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4b.

The capacitor C; is a variable capacitor that can be adjusted.
What value should you pick such that the transfer function is
a constant?

4 points
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6. Nonlinear effect due to op-amp gain 8 points
6a.  For the non-inverting amplifier below, derive the gain G = Vy/V; 3 points
for an arbitrary A.
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6b.  Calculate the gain G for A = 9,000, 10,000 and 11,000. 3 points
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6c.  The sensitivity of the gain w.r.L. the op-amp gain is defined as 2 points
G _JGIOA AGIAA i eculiof (6b)t S ata=
A=GTA oA sult of (6b) to compute A 3L A =10,000.
N (4- 999 92— 942270 Yfuoms - yo
L Pz ovie \0/\05,;
7. a_i_\ho"/-n 22 (e xio)
- |')/‘° (%)

ELEC 102 Final Examination HKUST Fall 99
5. Let the op-amps be ideal in the following circuit. 8 points
With I = 2fA = 2X 107°A, calculate V,, V,, Ipz and Ip;.
Hint: No iteration is needed. Follow the diode equation.
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7. In circuit design, we avoid using physical inductors becausc of their 12 points

large size and weight. If needed, we may use circuit method to "obtain”
an inductor from other circuit elements. One such method is shown below.

7a.  ‘Let: op-amps be ideal. What are the voltages at node A and node B

2 points

(V. and Vg)?
Vo = Vim
\/g, = \/iv\
75. Write nodal equations at node A and node B, and solve Viand V;
in terms of V;,.
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Te. Consider the input current going into Z,, find I;, and Zin (= Vi), 4 points
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CTipe Vinc ¥ Viw = (1= 5 W
Z
2
Ze
= Ve,
Tty
2 V\ h z‘ 22, Z‘Y‘
=) h & -": < a2 2 #
7. With the result of (7c), show how an inductor can be obtained using 2 points
4 resistors and 1 capacitor.
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8b.  The exact charging and di ging
The simplified mechanism is as shown below.

is a little bit complicated. 8§ points

Vl'l
Vop cos(et)

0

You may assume a constant load current of I = Vop/R discharging the circuit,
Also, from Cq% = I, the output voltage drops at a rate of % =-Ip/Co

(Ceq is the equivalent capacitance). WithR = 100Q,and C; = C; =C,
Find C such that the ripple voltage V; is 1% of the peak DC voltage Ve,
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8. Modified full wave rectifier 12 points.
8a.  The figure below shows a modified full wave rectifier, 4 points

‘r‘ I8

The jumper (switch) J is closed as shown. Let Vy(t) = Vyeos(2r50t).
With Vp = 1102 Vand R = o, what is the DC output voltage Vo,?
Show your argument by sketching the current flow in the diagram.
All the diodes are ideal diodes.
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9. CMOS circuits: Consider a simple RTL inverter below. 20 points
VO
Vou -
Vag o N\ Not To Scale!
Ry Vgg =5V
R, =100kQ
Vo 2
K, =1008tA/ V'
Vi =1V
Vin ——l M, Tn VOL‘ /

N
Ve=01 Vx v, 401 Vin

9a, Calculate Vo (i.e., when Vi, = 0V) and Vo (i.e.. when Vi, = Vyg). 4 points
Hint: Make sure the transistor operates in the appropriate region.
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Calculate V, at which the output voltage is equal to the input voltage. . 4 poiats
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9¢.  Finding the points with unity slope is very difficult. Here we 2 points
approximate Vy =V, - 0.1V, and Vig = V, + 0.1V,
With these values, find the low and high noise margins Ny, and Nyy
S Voo (g-ot = 13V
Viwz-lgsot = L3V e
ML= Vo Vo s 13- et = T
Vipz £ — 1= PV
NMy o Van - YIR =
9d.

Next, we form a SR latch (whatever this means) using the inverter
discussed above. With S = V4y and R = 0V, write down Vq and
Hint: Use previous results.

2 points
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9¢.  Calculate the power consumed by the circuit in this state.

2 points
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Next, change of state happens, with R changes to Va4, and S changes 4 points
to OV. Describe briefly the actions to follow, and the subsequent
voltages of Vg and Vg-

” g Ve duen o0 RV
i § L ooV, D, s on, ("‘wé (p:ain]ha\
=) M2 Hun Ov*‘..fj'(' = V&‘_ = Vs 5‘/75'
‘ s KO
bie Vis pv =2 M b e dueing Ve e

»

Ve = o.vn.Vﬂ GrA Dy Abae By (7

9g. By replacing the resistors with PMOS transistors, the power

2 points
consumption can be reduced to 0. Draw the corresponding logic
gate below. Hint: How should the gate of each PMOS be connected?




