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ECE 3455
Final Exam
‘May 6, 2009

Exam duration: 170 minutes

o You may have two 8 %2 x 11 in. “crib” sheets, written on both sides. 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.

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

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

‘This exam has 11 pages, including the cover sheet. Raise your hand
. if you are missing a page.
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1. (35 points) A certain amplifief has a magnitude Bode plot with the following
characteristics.

A double zero at 0;

a single pole at o = 2,000 rad/sec;

a single pole at o = 8,000 rad/sec;

a double pole at @ = 30,000 rad/sec;
a gain of 20 dB at @ = 10,000 rad/sec.
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. 1) Find the transfer function T(w). .
i) On the graph provided on the next page, plot the PHASE Bode plot for this amplifier.
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2. (40 points) The op amp in the circuit below may be considered ideal. The diodes are
approximated by a constant voltage model with a threshold of 0.7 V. The resistance R

is 2.2 kKQ.

and  period (s B
Assuming the inpyifo this circuit is a triangle wave with 0 mean (no dc offset) and an
amplitude of 2 ¥, make a neat sketch of the output v, as a function of time. Show at

least two cycles. If your sketch is sloppy or difficult fo read, you will not get credit for the
problem.
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Room for extra work
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3. (40 pomts) The op amp in the circuit below is ideal. The circuit is a filter whose type
(bandpass, notch, low pass...) we will try to determine.

i) Write a set of equations that could be used to find the transfer function T(®) = VoulVin -
for the circuit. In this step, do not try to solve or simplify the equations. Draw a box

around the equations that are part of your solution; equations not in a box will not be
- counted.

ii) Find an expressmn for T(w); any valid algebraic expression involving only Vo and Vi,
(as well as the capacitances and resistances) will do. There is no need to simplify; do

not spend time multiplying terms or reducing complex fractions to get your expression
into a standard form.

iii) We can guess what is going on with this filter by letting® > 0 and @ > «. Let o

approach these limits, and for each case (0 and 2}, find T(®). At these values of o, your
expression for T(a) will simplify dramatically.

lv) Based on i}, what type of filter do you think this is?
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Room for extra work.
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" 4. (45 points) The BJT in the circuit below has p =100 and Veesar = 0.2 V. Itis biased
in the linear region; there Is no need to prove this is the case.

: |) Find the input impedance Z;,. Express the result symbolically; do not substitute
component vaiues.

if) Find the output impedance Z,;. Express the result symbolically; do not substitute
component values.

if) Find the voltage gain vou/Vin in the pass band. For the gain, provide a numerical
value.
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Room for extra work.
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5. (40 points) The BJT in the circuit below has $ = 100 and Vegsar = 0.2 V. It is biased in
the linear region; there is no need to prove this is the case. The configuration shown is

called a bootstrap follower: the addition of the capacitor aliows for a trade-off between
input resistance and voltage gain, which we will explore.

i) With the capacitor Cs in place, find the input resistance R;, and the voltage gain
Vout/Vin. ' ' :

iy With the capacitor removed, again find Ry, and vou/vin.
iify Explain what is gained or lost by adding the capacitor Cg.
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