EE-202
Exam I
April 16, 2009

Name:
(Please print clearly)
Student ID:
CIRCLE YOUR DIVISION
Morning 8:30 MWF Afternoon 12:30 MWF

INSTRUCTIONS

There are 13 multiple choice worth 5 points each and
there is 1 workout problem worth 35 points.

This is a closed book, closed notes exam. Napspaper or calculators are
permitted. A transform table will be handed out separately.

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

Nothingis 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 an F in the 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 zero on the exam
and posily 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 from the exam sddams 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
1. The resonant frequency of the circur£€ 2! , C = EY F,L4=0.25H, L,=1H, M :g H) below

is (in rad/s):

1) 22 () 2 (3) 32 (4) 4
(5) 8 (6) 48 (7) 64 (8) None of above

m
L Lo R }—

1 1
Solution 1. Z(s)= R+ (L, +L>5! 2M)s+—=2+L,S+—. !/ = =8 rad/s.
(s) (1 2 ) Cs eq Cs r L

ANSWER: (5)

2. An active circuit has a bandpass type transfer function

10s
H(s) = 5———
O 2 ase1ma
The magnitude of the transfer function/ g, is:
10 10
1) — 2) 2 3) — 4) 4
W 3 ) @) (4)
(5) 5 (6) S (7) 10 (8) None of above
144 12

Solution 2. H,=5.

ANSWER: (5)

3. Referring again to problem 2, the approximate value of the half power frequer(ay rad/s) is:
(1) 11 (2) 12 (3) 13 (4) 14

(5) 10 (6) 14.25 (7) None of above

Solution 3. / , =+/144 =12 rad/s. B, =2 rad/s.! ,+0.5B, =12+1=13 rad/s.
ANSWER: (3)

4. In the bandpass circuit belotv=0.1H, C=0.1 F, R, =0.1 ! ,andR,=40"! . The
(approximate) bandwidthg, , and approximate peak frequenmy, are (in rad/s):

(1) (2.5, 100) (2) (1.25, 10) (3) (125,10.8)  (4) (1, 10)
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(5) (1, 10.8) (6) (0.25, 10) (7) (0.25, 100) (8) None of above
+
Lip, CT) Fp c""“ ot
T..i3 B
"SGR
Coil
) T L _10*40 _
Solution4. ! " !, —ﬁ—lo rad/s. Q..;(! ;)= Rrs =10. R, = 10740 .
By = LIS 1.25 rad/s.
RqC 038
ANSWER: (2)

5. Refering again to the circuit problem 4 the approximate values of the half power frequencies,
(! 1,1 5), are (in rad/s):

(1) (8.75!11.2H (2) (6.75,19.25) (3) (7.375,18.625)
(4) (7.75,8.25) (5) (9.75!10.25 (6) (9.875!10.129
(7) (9.375!10.625 (8) None of above

Solution 5. / 1, " 107 0.625= 9.375!10.625 rad/s.
ANSWER: (7)
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6. If G=2 S andC=0.1F, then the value of in H which makes the circuit resonantagt =10
rad/s is:

1 1 (2) 0.02 (3) 0.5 (4) o0.01 (5) 0.1 (6) 0.2
(7) 0.05 (8) none of above
L
Zin pr—
— o G
. . . # C & G

1 . I Y=/ T | "

Solution 6. Z;,(j! )= ]! L+G+j!C j! %{r e 2C2(+G2+! 202 Hence
C 0.1

G2+12c? 4+1

ANSWER: (2)

7. Reconsider the circuit of problem 6. At resonance, the impedance reduces to a pure régistance,
which is equal to (inh ):

Q) 1 2) 2 (3) 1.25 (4) 0.4 (5) 0.5 (6) 4
(7) 0.2 (8) none of above

. __ G _2_
Solution 7. R—Gz+—a)2(:2—g—0.4 I
ANSWER: (4)
CIRCUIT FOR PROBLEMS 8,9, AND 10. The transfer function of the Sallen and Key circuit below
. 2
is Hgir (s) =

P+ =s+1

.31: 1 ;
I,
R=1 Ry=10
O +
+ —
'.ll..' - +
in G2= I:]:'-:'— -] I"'"IDut
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12

This circuit is to realizél | p(S) = —5———.
-P s? +8s+16
8. The value of Q needed for the first stage of realization is:

(2) 0.5 (2) 2 (3) 16 (4) 0.2 (5) 5 (6) 2.5
(7) none of above

!
Solution 8. wy =4 rad/s. Q= f =0.5.
ANSWER: (1)

9. The final value ofZ, to realizeH p(s) is Cy¢ = (in FY.

@ 1 2) 2 (3) 0.25 4) 4 (5) 0.5
(6) 0. (7) 16 (8) none of above
Solution 9. C, = 1. 2F. Cys= G 0.5 F.
Q @
ANSWER: (5)

10. If input attenuation is used to adjust the DC gain using a comRg ahd R as shown below,
then the valas of Ry, and Rg (in ohms) are respectively:

5%

1) Lzalg& ) (1214) @3) (2.12) 4) (41.2)
(5) ;'% 2.5; (6) %%gi (7) %lga (8) none of above

Solution 10: !2:%!" ] ZE. 1= RaRs =!I Ry !RA=% ', Rg=

R
8 Ry + Rg 1"

ANSWER: (7)

11. Suppose the circuit below is a NLP prototyp‘e:(\/i FandL = 1 H) that is to be a HP filter

NA

with 3 dB down point at . =200J/2 rad/s and a source resistance equal t& 10The inductor
becomes a capacitor of value (in mF):

1) 1 (2) 2 (3) 0.5 (4) 0.25 (5) 5
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(6) 0.1 (7) 4 (8) none of above

+
— lI""IIIILJ

t

12. . The circuit shown below consists of a 10@esistor in parallel with a REALO!uF capacitor
having aQcqp(! ) =10 at @ =1000 rad/sec. (Replace the capacitor by its-iumal equivalent.)

The input admittance of this combination (given in mhos or Siemens) is:

(1) 0.010+(10u)s (2) 0.011+(10u)s (3) 0.101+(10u)s (4) 0.110+ (10u)s

. N f th
(5 0.01+ L0u)s (6) 100+ Lop)s (7) 100+ (10u)s (8) None of these
Yin
—
| Real

100 0 T Capacitor

1 1
Solution 12: 10=! RC =10%"10®R$ R=1000! . G +——=0.011mhos.

®~ 100" 1000
ANSWER: (2)
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WORKOUT PROBLEM (40 PTS) (This problem is to be done using the observable canonical form
using at most 5 op amps. If you use the controllable canonical form instead, your maximum points for
completely correct answer is 20 pts.)

Vo . 0.55?

5 as
Vi s“+4s+10

Use the observable camioal form biquad realization technique lt,,(s) =

follows:

(i) (6 pts) Construct the differential equation (time domainy g (t) andv,,(r) associated with
Hpp(s).

(82 + 45+ 10)Voyy = 0552 1ty + ¥y + 100y = 0,50,

(i) (5 pts) Use theDX and D' ¥ notation as per the class examples to put the differential equation of
part (i) into the proper fon for constructing the observable canonical biquad realization, i.e., obtain an

. . |
expression fowv,, in terms ofvi,, v,,;, andD’ k.

Vour = 0.5V = D™ (40, )~ D72 (10v,,, )

(iii) (9 pts) Given your (corregtanswer to (ii), define the variablg(t) as per the class room
derivation, and construct and draw an op amp circuivfgi(t) in terms ofv;,(t) andx;(t). Clearly

label all inputs, outputs, resistors, and capacitors. ALL op amps are to haverthimaltgrounded.

Vour = 0.5V, 1 D' 1 (4v0,,)1 D2 (10v,,,) = 0.5v;, + x,(¢)

Thus x,(t) =! D' (4vgy)! D'?(10vyy) and

vy =10.5v, 1 xq1(t)
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0.5
T O— N 1

ot

(iv) (10 pts) Given your (correct) definition of;, properly define ther, , and construct and deean
op amp circuit whose output ig(t). Clearly label all inputs, outputs, resistors, and capacitors. ALL
op amps are to have the +terminal grounded.
Dxy(t) =1 4vyy, ! D (100, ) =1 2, 1 Axy (1) + x5 (1)
Thus

!*] :X1 :”2!Vin” 4!X] n !||X2

475
|f1F
Iy

175
G_-W"‘\—d.

_}:2
E:._-W - o

203
Tin - !

(v) (10 pts) Construct the op amp circuit whose outputis (t) depending on the sign needed for the
input to the circuit forx;(r) . Clearly label all inputs, outputs, resistors, and capacitors. ALL op amps
are to have the +termingtounded.

DXo(t) =! 10vpy =! 10(0.5v, + %) = ! 5vi, ! 10,
Thus

I*z =Xo = —5Ivin —10J X1
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105 1F
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Original Circuit

Exact
Equivalent Circuit at

"o

Approximate
Equivalent circuit, for high Q,

(Q.>6and @>06)
and
I within (1+ 0.05)

Rl +0F) L+ o

QiR L
= QLF’JUL

%S T | clie L) Sr —L SRy
Qe 1 + G o2 Qe C
Q [WD:' = WDRPC
L
E
E L o T L
P 1+ L3¢ 1+ oF ﬂ ] %
o
E
':'L[WD:' = m—P
1]
C E . . i
g 11+ QAR T G p—
a z _
1+ UW0QE | Q&R, = 0y r
_ 1
Qc[ LIJD:| =




