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ECE 3455
Final Exam
December 11, 2010

Exam duration: 170 minutes

o You may have one 8 %2 x 11 in. “crib” sheet, written on both sides, during
the quiz. You may have any calculator you choose, but no computers.
No other notes or materials.will be allowed.

o Show all work necessary to complete the problem on these pages. A

solution without the work shown will receive no credit.

Show units in intermediate and final results, and in figures.

o If your work is sloppy or difficult to follow, points will be subtracted.

O

This exam has 12 pages, including the cover sheet. Raise your hand
if you are missing a page.
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1. (45 points) Design a circuit that produces the output shown in the figure below. To
do so, assume that you have an unlimited number of the following parts available.

ideal dual-power-supply op amps.

9 V batteries.

ideal BJTs with a B of 100 and a Vcgsa 0 0.3 V.

Diodes that can be modeled using a constant voltage drop model with Vi, = 0.7 V.
Ideal transformers.

Capacitors of any value less than or equal to 10 uF; resistors of any value less than
or equal to 500 kQ.; potentiometers of any number of turns and any resistance.
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As an additional specification, the value labeled Vofset must be adjustable between 310
+3 V. (In the figure it is set at -1.5 V.)

To receive full credit, you must provide a brief explanation (a few words or a quick
sketch) of what each part of your circuit is intended to do.
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Room for extra work
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2. (35 points) The transfer function for a certain filter has the following characteristics.

i) A double zero at 0 rad/s.

i} A pole at 800 rad/s.

iii) A double pole at 8,000 rad/s.
iv) A double zero at 40,000 rad/s.
v) A gain of 54 dB at 4200 rad/s.

¢4 a) Find the transfer function T(w) for this filter. Assume that any constants necessary to
adjust the gain are positive and real.
| b) On the page that follows, draw the straight-line approximation to the phase Bode plot.
Y include all non-zero poles and zeroes.
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3. (35 points) The circuit below is intended to be a dual-purpose filter. Assume ideal op
amps in solving it. '

a) Find the transfer function T+(®) = Vog1/Viq.

b) Find the transfer function Ta(®) = Vo2/Vin.

c) Identify the breakpoint(s) for each of T1(w) and T2(), and indicate the nature of the
filtering action (low pass, high pass, band pass, something else...)
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4. (45 points) The circuit below is intended to be a high gain voitage amplifier. Find

values of Rg and R that will complete the design. The BJT has p = 60 and Vgesat = 0.3
V. The specifications are as follows.

i} The amplifier is to operate over the frequency range 20 Hz to 20 kHz.
ii) The gain in the pass band v,fv; is to be 34 dB.
iii) The dc value of the collector voitage should be 10 V.
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5. (40 points) The circuit below is a common base amplifier. You may assume that itis
operating in the linear region. It is characterized by p = 100 and Vegsat = 0.3 V.

a) Find the gain vo/vs in the pass band.
b) Find the input resistance Ri, in the pass band.

{12v
R =sof

G_}:
{aF
U° | ~
.= .
{ohsL
e QB ) -
] o3 R\ L
{2v
‘% I
C :ﬁw\o—‘ui&nﬁ» ?&”OJ& ) _Zr
% R \p (3_1;3 .
P T = Ja& A
fav a el
v
60 L e
[ 4 S
~7
x" 12~ 0.7 y
e - = @ j09s m
//C)) J'&ﬁz‘ﬂ,—{«([&,ﬁ”)(‘{o‘{)o}
. - lS'A rt 0’!5&3
Lo Yhe poLass hcmmi», Ci — %h@{mug‘;* Cé ~ . ° I )
. . = 3 LS O

’ﬁo/\a . bagfe C_()u..p:;(l_ Cﬁ,,{ <.sz)~f”' LD

83 @\AO 7 “L (f?}o.é’-" ao

11



4 ;_:f 2 !:“‘9“’“ @"‘L - \ ( “ b
| ‘ &T 2,2/06 X Y C% Ly {E SN - s
.

ey 1 L
w~wwmwff%3-f R R, e R
ST B

- Ao G
L /,Ly “’4)7 //2“; s’/}T ]
_Qz ,Miwgﬁfiww a.85 I
0o () loet T
/UC' —t @épf')_z oDy

Zb“ F
0
i o) 4 -
gﬁ S T
- P

1,
- 2
. 129 - 2 A0 (5 0)
R v
Yo - 0.4 .’
‘j e




