EE-202
Exam [l
April 13, 2006

Name:
(Please print clearly)
Student ID:
CIRCLE YOUR DIVISION
DeCarlo 2:30 MWF Furgason 3:30 MWF

INSTRUCTIONS

There are 10 multiple choice worth 5 points each and
there is 1 workout problem worth 50 points.

This is a closed book, closed notes exam. No scrap paper or calculators are
permitted. A transform table will be handed out separately.

Carefully mark your multiple choice answers on the scantron form. Work o
multiple choice problems and marked answers in the test booklet will not be graded.

Nothing is to be on the seat beside you.

When the exam ends, all writing is to stop. This is not negotiable.

No writing while turning in the exam/scantron or risk am Ehie exam.

All students are expected to abide by the customary ethical standards of the
university, i.e., your answers must reflect only your own knowledge and reasoning
ability. As a reminder, at the very minimum, cheating will result in a zerbeoaxam
and possibly an F in the course.

Communicating with any of your classmates, in any language, by any means, for
any reason, at any time between the official start of the exam and the official end of the
exam is grounds for immediate ejection frdm exam site and loss of all credit for this
exercise.

Do not open, begin, or peek inside this exam until you are instructed to do so
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MULTIPLE CHOICE.

1. WhatisV_ (t) for the following circuit if V, (t)=10coqt)V ?

(1) 5cog(t—90°)V (2) 5cog(t)V (3) Scos(t+45°)V (4) 5cogt+90°)V

(5) 10cos(t! 90°)V (6) 10cos(t)V (7) 10coqt+90%)V (8) None of these
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2. The Q of the circuit shown below is:
1 1 2) 2 3) 6 4 8 (5) 10 (6) 20 (7) 40 (8) none of these

—— A
10! *
Vin(S) (J_D 10! —— Vauls)
Ly L
40 10 D
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3. Shown below is a lowpass Butterworth filter protgpe having the following transfer function:
0.5

H(s) =
S 428 +2s+1

The circuit is to be magnitude and frequency scaled so that the source and load resistanices are 2k
and the new value of the capacitor i$-4 What is the frequency of thedB pant?

1O 1 H 1 H

(1) .5rad/s (2) 2rad/s (3) 125 rad/s (4) 250 rad/s

(5) 500 rad/s (6) 1000 rad/s (7) 2500 rad/s (8) None of these
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4. The real coil shown below is characterized by an inductance 200 mH and a Q = 50 @ 2000 rad/s.
The complex impedance, g of the oneport shown below is given by:

1 4+2% 2) 4.8+.3 (3) 5.25+.3 4 8+.>
5 12 +.3 6) 4+5 (7) 8+5 (8) None of these
VAN
403
Z(s) = Real

Coil
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5. In terms of the voltages and currents defined in the figel@wv, the correct expression foy(¥) is:

(1) shl, +sM1, (2) sil,-sM1, 3) sLl,+sM |, @) sLl,-sM 1,
5) -sLl,-sM |, (6) -sLl,+sM |, (7) -sLl,+sM |, (8) None of these
M
1t —» Y < 1[t)
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6. The coupled inductors stvn below highpass filter the input signal i(t). At what frequency will the
-3dB point occur (i.e. at what frequency will the magnitude of the transfer function be 3dB below the
maximum value)? M = 3H

» LN

+

15 Q "::»ut(t)

1 %rad/s 2) %rad/s A3 %5 rad/s 4) g rad/s

(5) 3rad/s (6) Srad/s (7) 7.5radls (8) None of these
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7. A transfer function, H(s) :K%, has the polzero plot shown below. Given th#t = 4,

determine the value of the zero phabét frequency (also the peak frequency),, and the

bandwidth,B!. ! ,and B! are respectively (in radians/second):
1) 2&4 2) 4&4 3) 4&2 )] 25 &2
5) 2\/5 &4 (6) 16 &2 (7) 16 &4 (8) None of these
A Jo
X 4
3
2
1
Fan >
Ay o
4 3 21| 12 34 °
2
-3
X 4
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8. For the circuit shown below WitQ(O! ) =0A and vC(O’ ) =2V, the current, (t), in amps fort>0is
given by:

Lt 12t It | 2t -t a2 l# " l%t&
(1)1 +2e @ 2(e't &) (3) —3" —4e ) 5% ()" 8e > (
0 (
2
(5) 13e'" +4e* (6) %(—e" +3e‘3‘) (7) %[38(r)+8e_3 ] (8) None of these
30 1 H
A RAw -{i (00070
/ ip(t i +
50V (D | k=05 ——V.(1)
'-\ 1/2F
1 .E E E E E E -
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9. & 10. Forthe opamp filter shown below determine the Q and the maxn of the magnitude of the

transfer function‘H( jw)‘max . T c,

—\/\/é/\/\—

— -

1
C —

\’f

In

1
+
\'rout
R,
- L

9. The Q of the circuit is?

||”»

@ RCRC JRCR,C, 3 RGRC @ __RCi
R CR,C, R,C,+R,C, R,C,+R,C, R,C,+R,C,

5 _RC © JRCR,C, @ _RC

_ (8) None of above
R,C+ R C R,C; +R;C, R,C+RCy
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10. The maximum of the magnitude of the transfer funcqiblro,j! )‘max is?

R.C R.C R.C R.C
@ — 2 1 3) —Lt @) a1
R,C, R,C, R,C, R(C,
R.C R.C R,C
5 L (6) 171 (7) Lt (8) None of above

R,C,*+R;C; R,C,+R,C, R,C,*+R;C;
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WORKOUT PROBLEM. (50 points) All work is to be included and shown on the attached pages.

PART 1: (41 points) Mickey OMikeO Farad and Millie ONanoO Ohm have designed a unique
NORMALIZED low pass fiter having transfer function

Hy o(9) = ————
NLP S +0.55+4

(a) (6 pts) Determine! » (the normalized pole frequency) a@é) (the Q of the filter):

= andQ =
P P
(PROPERLY IDENTIFY AND SHOW WORK ON ATTACHED PAGES.)

(b) (12 pt total) Realize the normalizktransfer function using the Sallen and Key circuit below; the
transfer function of the Sallen and Key circuit below is

2

HeireurT (8)=

S+ -—s+1
Q

Note: The circuit gain will be adjusted in the next design step.

The FINAL values of the normalized circuit parameters are:

R = R, = CLfinal = ang, iy =
(PROPERLY IDENTIFY AND SHOW WORK ON ATTACHED PAGES.)

(c) (16 point total) Use input attenuation (a voltage division circuit consisting of two resiRgrand
Rg to replacer, ) to adjustthe dc gain of the circuit. Determine the DC gains of the circuit and the

filter transfer function.

DC Gain Transfer function = DC Gain Circuit =

Ry = R, =
A B
(PROPERLY IDENTIFY AND SHOW WORK ON ATTACHED PAGES.)
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(d) (7 points total) Mickey-Mike and Millie Nano want the normalized eoff frequency of 2 rads/s
(an unfortunate error in their original design) to be moved to 2000 rad/s. Further, they want the

capacitorC, 5., to become 0.5 micro Farads aftequency and magnitude scaling. Determine the

scale factorst and K in that order. Kf = Ky =
(PROPERLY IDENTIFY AND SHOW WORK ON ATTACHED PAGES.)

c1=1 ;
\
R=1 Ry=0Q
O™ +
+ |
Il"lll N - +
in Cfé— .l I""'IIIILJT.
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PART 2. (9 points) In the blink of an eye, Mikeike and Millie Nano realie they could have

V_ (S 4
out >’ _

Vin(8) & +0.55+4
the biguad below. The values for,&,, and G in mhos are:

realized the NLP filteH  »(s) = with a lot less work, even by inspection, using
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