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Name (please print)

In keeping with the Community Standard, | have neither el nor received any assistance on this test. | understahi ifater
determined that | gave or received assistance, | will beditbbefore the Undergraduate Conduct Board and, if foungoresble for
academic dishonesty or academic contempt, fail the cladso lunderstand that | am not allowed to speak to anyone etkeemstructor
about any aspect of this test until the instructor annouitéesllowed. | understand if it is later determined thatd dpeak to another
person about the test before the instructor said it was atipwwill be brought before the Undergraduate Conduct Bead] if found
responsible for academic dishonesty or academic contdailpghe class.

Signature:

Instructions

First - please turoff any cell phones or other annoyance-producing devicesatbnode is not enough - your device needs to be in a
mode where it will make no sounds during the course of the itedtiding the vibrate buzz or those acknowledging recefyat text or
voicemail.

Please be sure to put each problem on its own page or page®mot doite answers to more than one problem on any piece of paper
and do not use the back of a problem for work odifferent problem. You will be turning in each of the problems indepemtty. This
cover page should be stapled to the front of Problem 1.

For 2 points: Make sure that your named NET ID areclearly written at the top ofvery page, just in case problem parts come
loose in the shuffle. Make sure that the work you are subrgiftin an answer is clearly marked as such. Finally, when tgrim the
test, individually staple all the work for each problem atatp each problem’s work in the appropriate folder.

Your calculator may only be used as a calculation deviceamoemory storage unit. Using a calculator for any purposerdtian
performing “just-in-time” numerical calculations is a lation of the community standard.

Note that there may be people taking the test after you, s@y@umot allowed to talk about the test - even to people outdideis
class - until I send along the OK. This includes talking aktbetspecific problem types, how long it took you, how hard yought it
was - really anything. Please maintain the integrity of thit.
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Problem I: [32 pts.] Basics

The following items get at the “core” of some of the concepis fiave learned in the course. Note however that thepatneelated to
each otherPut your final answers in the appropriate spaces beloywou may put work on additional pages.

(1) Clearly using phasors, simplify the following signal intsiagle cosine:

ia(t) = 18sin50Q — 19°) — 41 cog50Q + 89%°)

(2) AresistorRis in parallel with a reactive element. At a frequency of 20000 rad/sjriifgedanceof the combination is found to be
4000+5000Q. Draw the combination below, including the actual valuethefresistor and the reactive element.

(3) Determine the inverse Laplace transfor(h) of:

2s+17
VO =g 1145
(4) A system can be modeled with the differential equation:
d?y(t) . dy(t) dx(t)

Determine:

(a) The transfer function for the systeifi(s) = %

QLiLe

(b) The impulse response for the systét)
(c) The step response for the systest)

(5) A system can be modeled with the differential equation:

dz()

_ ~t
at +4z(t) =10e u(t)

If z(0~)=6, clearly use the Unilateral Laplace Transform to deteamnft) fort > 0.
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Problem II: [24 pts.] Complete Response

For the circuit below, assume that the switch has been clissedvery long time before= 0 s. Att=0 s the switch opens.

R, t=0 SZ R,
VWA o AAYA
+ v, —

w(®) e sroif3de (D

(1) Assuming that/; andiy are constant for all times before- 0, determine the following in terms of the symbolic elemeard aource
values;write your final answer next to the item - your work can be on extra paper. Also, you may usé0 ), ic(07), v, (07),
andi,(07) in your solutions for the variables at Qvithout further substitution.

(@) ve(07) (€ vi.(07)
(b) ic(07) (f) iL(07)
(©) ve(07) (@ w.(07)
(d) ic(0") (h) iL(0%)

(2) Assuming the circuit has the following element and sourdees

Ri=2kQ Ro=1kQ Rs =4kQ C =50uF L =100 mH
va(t) =12V ip(t) =5mA

Determine the voltage across the capacitgft), fort > 0 s. Write your final answer below. On a separate sheet of paper, indicate
the time constant of the response and then make an accuapte ofvc(t) for three time constants.
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Problem IlI: [24 pts.] Design and Analysis

(1) Assuming you have a single Tkresistor and any inductors, capacitors, and wires you roesign a voltage-to-voltage circuit that
represents a first-order low pass filter with a maximum gaifh ahd a cutoff frequency of 6000 rad/s. Be sure to clearlycitg
where the input and output voltages would be on the circuit.

(2) Determine the transfer functid(s) for a second-order band-pass filter with a passband gainafdgarithmic center frequency
of 10000 rad/s, and a quality of 0.4. Write the transfer fuorcfior the band-pass filter using one of the two “standardihforve
discussed in class for band-pass filters.

(3) Given the following Bode magnitude plot of some transferction H(s) (along with its straight line approximation):

10

20I0910|H(ju))|, dB

Approximation

Actual

_50 Y I SR A 1 R S A A AT
10 10 10 10

w, rad/s

(&) Assuming all poles in the system are purely real, deternfieddrmula for a transfer functioH(s) or H( jw) which is repre-
sented in the figure.

(b) What kind of filter is this? Also state why you believe thapproximately what the cutoff frequency/frequencies is/are, and
what the passband gain is/is.
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Problem 1V: [18 pts.] Operational Amplifiers

(1) State the ideal op-assumptions; be sure to describe themgeafrany variables you name:

(2) Assuming the op-amps in the following circuit are ideal:

R,
e XX‘»
Ry
VWA - Im R,
—= L M
+ Vx
Va
— = ARAG, — +
RS v,
R, _
VWA - In R,
—= L M 1

and thatv; andvy, are known, clearly label the circuit and then symbolicatiive for the items below. Please put your final answers
here though your work may be on a different page:

(1) w (4) im
(2) vy (5) in
(3) v, (6) io

Note: if you solve for an unknown variable in terms of known valugsu may then use that variable in other answers without
substitution. For instance; should end up as merely a functiomgfandvy and resistor values.



