ECE202 FINAL

April 30, 2008
Name:
(Please print clearly)
Student ID:
CIRCLE YOUR DIVISION
8:30 MWF 12:30 MWF

INSTRUCTIONS

There are 33 multiple choice worth 6 points each.

This is a closetook, 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 and also on the
text booklet as you will need to put the scantrordieshe test booklet and turn booth
in a the end of the exam.

Nothing is to be on the seat beside you.

When the exam ends, all writing is to stop. No writing while turning in the
exam/scantron or risk an F in the exam. Again, turn in the exam bookigheit
scantron inside the exam. There are two exam forms and this is necessary for the prop
grading of your scantron.

All students are expected to abide by the customary ethical standards of the
university, i.e., your answers must reflect only your ¢awawledge and reasoning
ability. As a reminder, at the very minimum, cheating will result in a zero on the exam
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 betwethe official start of the exam and the official end of the
exam is grounds for immediate ejection from the exam site and loss of all credit for this
exercise. The professor reserves the right to move students around during the exam.

Do not open, beqinor peek inside this exam until you are instructed to do so
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NOTE: The following equivalents are useful in solving coupled inductor problems.

1 2

Li}
L-I_M

°3
aA=LiLz- M?

MULTIPLE CHOICE.

1. The Laplace transform of(t) = %{#3' 4% + ¢ t%(t)} whereu(t) is the unit step function is:

T U S O SR N SR O
S S+1 s+2 S S+1 s+2 s+1 s+2
(4) 31 S48 65) 3+ 1 S (g 3+ S
s+1 s+2 s+2 s+1 s+1 s+2
(7 ﬁ! S (8) None of these
s+2 s+1
2s

2. The input admittance of a simple circuitfg(s) = >
s +4

The associated circuit contains only a single inductor L and a single capacitor C. The values of the
circuit elements are (L, C) = (in H and F):

(1) (2, 0.5) (2) (05, 2) (3) (0.5, 0.5) @) (2, 1)

(5) (4, 0.25) (6) (0.25, 1) (7) (1, 0.25) (8) None of above
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3. The input admittance of the circuit belowMg(s) = lou(®) ;
Vin(s)
(1) 2.5+ (2) 2.5+ 0.2 3) 1t
5 0.2 5
S+— S+— 2.5+s+—
S S S
1 1 s?+5
@) — = ) —5— (6) 04———
2.5+ 2'25 2.5+ ZO'ZS (s+D)"+2
S“+5 s +0.2

(7) none of above

Iﬂut

—-
2.0 00

. C) g 0.2F|
In - IH -1 —

4. If two signalsx(t) andy(t) are related by the equations

t
+4y(t) =8/ (t) and ax(t)! 2" y(z2)dz=4u(t),
o'

, dx(t)
dt

where x(07) = 2, u(t)is the unit step function, andt) is the Dirac delta function, theX(s) is:

@ @ = @ @@=

wlonl|N

(5) (6) 1_56 (7) g (8) None of these
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5. Consider the RL circuit below. The switch leen closed for a long time. Att=1 s, the switch
opens. The response output,i¢t). Thenfort! 1, i (t)= (in A):

(1) 4e 3 Dy 1) 2) 20e 3 Dyt 1) (3) 15 Dy 1
(4) —4e 3Dy -1 (5) 562Dyt -1) (6) 120e 3" Dy(t1 1)
7) !20(1! e 5(t!l))u(t! 1) (8) None of these
t=1s
" i =
5 0

20 uit) v C*) o H er 10 Q

6. The output of a linear and relaxed cirauith input x(t) and impulse respons#t) (shown below)

at time t = 6 seconds is:

A not)
wit)
21 4
s -l J\_
- i I i - i

1 2 3 1 2 3 4 3

11 (2) 2 (3)3 (4) 4

5)0 (6) 3.5 (7) None of the above

7. Fort! O the convolution off (t) = 4u(! t) with h(t) = 2€' Zu(t) is:
1) 2¢%ut) (24 (3) 4€ Zu(t)
(4) 18 2u(t)  (5) !4€ %u() (6) 2e?tu(t)
(7) 8¢ %u(t) (8) none of above
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CIRCUIT FOR PROBLEMS 8 AND 9. A Sallen and Key circuit with parameter choices as indicated

is shown below

c1=1 ;
\
R=1 FE=0Q

D_-W"‘\_ +
+ —0
'.,llu' - +

n Cfé— ] Yaut
142

_i_ = Sin __TT_

The circuit transfer function isl 5, (S) =
S+

. Suppose this circuit is used to realize the teansf
s+1

Ol N

16

function H| p(s) = 5¥———.
P s? +4s+64

8. The final values oC; andC, to realizeH p(s) areC;; andCy¢ in F which are:

1.1 1 1.1 1.1 11
1) =— 2) 1= 3) =!— @ == 5 ==
()816 ()lz ()1664()48 ()24
(6) i,!i (7) none of above

12 24

9. If input attenuation is used to adjust ihC gain using a combo &, and Rz as shown below,
then the values oR, and Rg (in ohms) are respectively:

Q) 8,4 (2) 4,4/3 (3) 4, 1/4 (4) 8/7,8
(5) 8,8/7 (6) 4,1.25 (7) none of above
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10. In the circuit belowl =0.4 H, C=0.1F, Rg=0.25!, R, =16, then the approximate half
power frequency 4, (rad/s) and the bandwidtB, (in rad/s) are:

(1) 8.75,1.25 (2) 75,25 (3) 4.375,1.25 (4) 3.75,1.25
(5) 8.75, 2.5 (6) 9.375, 1.25 (7) None of these
Lossy Inductor Losay
I R ' Zapacitor
out i TR -
. Ry L i

VmC_

(NI,
M
O
1
(g

.......................................

11. Referring to the circuit of problem 10, the approximate value¢f, is:
Q) 1 (2) 2 (3) 0.5 4 4

(5) 5 (6) 0.25 (7) None of these

12. IfR=0.6"!, L=0.2H, andC=0.2 F, then the resonant frequentcy " O in rad/sec of the
circuit sketched below is:

() 10 (2) 100 (3) 64 4 4 (5) 36 (6) 8
(7) 16 (8) none of above
R

C L




EE-202, Final Sp 08 page’

o 1 : .
13. The 3 dB NLP Butterworth transfer functionlisygn p(S) = ——=——Is to be realized by the
s? +/2s+1
1
circuit below whose transfer function ks, (S) = —CSs _ The circuit below is to realize a LP
Ls+1+ Cs
S

Butterworth filter having 3 dB down point at, =1000/2 rad/s. If the source resistance is to be
scaled to 10 !, the value of L in mH is:

(1) 50 (2) 0.05 (3) 0.333 (4) 70.7
(5) 5 (6) 2.5 (7) 7.07 (8) none of above
1 Q2

+
— Il"IIIIIILJ

t

14. Referring again to the circuit of question &3ppose the NLP prototype is to be a HP filter with 3
dB down point at’ . =1000/2 rad/s and a source resistance equal to 10 !. The inductor becomes

a capacitor of value (in mF):
1) 1 (2) 2 (3)0.5 (4) 0.25 (5)5
(6) 0.1 (7) 4 (8) none ofabove
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15. The value of the mutual inductance for the coupled coils in the circuit below is M = (in H):

1) 1 (2) E2 (3) 0.5 4) 4
(5) 2 (6) B4 (7) 8 (8) none of above
k=05
e
+
. Wotltl .
ity =uftyal T) "out
in C) _ aH 41 30
16. Referring again to the circuit of problem 15,,(t) = (in V):
(1) 3% " e"tg{g(t) ) 3¢ tu() (3) 9e 3u(t) 4) 3¢ 3u()
(5) 9 (1)" e"3tog/LQl(t) 6) € tu(t) (7) 9€' tu(t) (8) none of above

17. In the circuit belowl; =1 H, L, =0.5, M =0.25 H, andR=4 |. The impedance seen by the

source is:

1)4+2s (2) 4b2s (3) 4+s (4) 4bs (5) 4 +1.25s

(6) 4 + 1.5s (7) none of above

(

I|:|ut

sf'l

NG, G

- L'I

Lo

18. Referring again to the problem of question 17, the step response of the circuit contains a term of tF
form Au(t) where A=:

1) 1 (2) 0 (3) 0.5 (4) 0.25 (5) 4

(6) 2 (7) nore of above
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19. In the circuit belonR=10!! , C 21—12 F,L; =1 H, L, =4H and the mutual inductanbé =1 H.

The circuit is resonant a, = (in rad/s):

(1) 12 ) 2 (3) V48 4) 4
(5) 0.25 (6) 12 (7) 8 (8) none of above ;
O—f\/ﬁ\ﬂ—{ -
C . .
Ly Lo
&

20. Referring to the problem statement in question 19, the value of the coupling coekirsient

Q) 1 (2) 0.5 (3) 0.64 (4) 0.25 (5) 0.2
(6) 0.75 (7) none of above

21. The Thevenin equivalent voltagé,.(s), and the Thevenin equivalent impedangg(s), seen at
the dottederminals are:

(1) 5V,,!5s (2) 0.2V, 1025 (3) 5V, 125 (4) V'—5”|235
5) ! '5” 1255 (6) ! 5Vi,1255 I:
Sl
1.5 Ic:-ut

1 1 +
o () ‘ ‘ % V(S
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22. If RR=20!, R,=30!,and R_=3 ! find the values of the turns ratio, a, for maximum power
transfer if the load is to the right of[@.

1) 1 ) 2 (3) 3 4) 4 (5) 10
(6) /30 (7) none of above
A |1—r L a: l—Eh

Yip (1) ki

23. For the 2port below, the pparametergy; andz, are (in!):
1) 3,1 2 1,1 3) 3,2 4 3,3
(5) 3,-1 (6) 2,-1 7 2,1 (8) none of above
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FOR PROBLEMS 24 AND 25: The 2port configuration below is for problems 24 and 25. It has the
indicated yparameters in S. Suppose

'V11 Y12$:!'? 0-4$S
#Y21 Wz& 1 0-253

() RR=10!, R =51 and

(ii)

24. The parametey;; is (in S):

(11 (2) !'s (3 s+l (4 s+t2 (9 s (6) O
(7)st1 (8) none of hove

25. The voltage gainvé =

Vi
Q) 1 (2) 2 (3) 2 (4) 25 (5) B0.4
(6) ER.5 (7) s+1 (8) none of above

1V | ||
26. Recall the kparameter matrix#I 1§: #:11 212 %\/1 2 In the circuit belowR=0.5!and b=2.
2% "1 Mo 0pVa U

The hparametershy; andhy,, are respectively (in standard units):

(1) 0.5!0.5 (2) 212 3) 212 4) 205 (5 0505
(6) 0.5112 (7) 0512 (8) none of above

)
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THE INFORMATION BELO W IS ASSOCIATED WITH QUESTIONS 2630. The amplifier has
specifications given below:

() Re=21 R =5l .

(i) There is maximum power transfer to the load

(i) When |, is zero, the ratie\\;—1 =0, when a source is applied to port 2;

2
(iii) Vi 0.8
VS
. -\
(iv) The voltage galnv— =110.
1
I 1 -~ -
o Hxhrid
emplifier
+ hqiq todel
Iz
Ec Pl
¥y hy ¥, zz +
s _ : Vo 1?‘L
— h2111 1—_
p -
Zin Tonat
27. The hparametethy, is (in S):
Q) 5 2 2 (3) 25 (4)0.2
(5) 0.5 6) 5 (7) none of above

28. The input impedancg;,, and the Fparaneter by, are respectily (in !):
(1) 10,0.1 (2) 10,10 (3) 8,8 (4) 8, 10 (5) 10,8
(6) 2,8 (7) 8,2 (8) none of above
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29.

(1)
(6)

30.

(1)
(6)

31.

(1)

(5)

The Rparameterh,q, is:
0.125 (2) 32 (3) B8.2 (4) BB (5) 8
3.2 (7) BB2 (8) none of above
The power gair{,vzi , ISt
Vily
10 (2) 320 (3) 80 (4) 16 (5) 50
32 (7) 160 (8) none of above
Two 2ports are connected in cascade as shown below. Standard labeling is assumed. The t
Y IV, $ 12 19!V
parameter matrix ahe first 2port is in standard unitg 13 Tl#lvl ?F# 18 IVE z The overall
L8 L& a8 1§
t-parameter matrix is:
14 3% 12 3% 13 2% 13 2%
2 3 4
1 @ 8 O g Wi g8
2 5 12 4% 12 4%
6 7 8) none of above
[1 3} @ # 8 Dy 5 © v
Ly I I
— — 20 4
*— — . — e
+ —
i ! Y
[ — - *
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32. Consider the twort interconnection below that is assumed to have the standard labeling- The y
. _ 11 2 .
parameter matrix of the top twmort isy = # 3? S. The gparameterz, , of the interconnected

V4
two portis (in !):

1) 1 (2) 2 (3) 3 (4) 4 (5) 5
(6) BL (7) O (8) none of above
i ;- l}}ij] -
1 (2
T 0

33. The twaports below are connected in parallel (points A are attached together, points B are attachec

"1 0.5y
together, etc.) The-parametrs in S ofN; are% 0.5 -/. The overall newparametery,; is (in

2.8

S):
Q) 1 (2) BL.5 (3) 25 4 4 5) 0
(6) ER.5 (7) 1.5 (8) none of above

050
b — " —e L b @ +e C

My

E@&—— 8 D B & 8 D
Solution 1: (6)

. S +4 2 1
Soluiton 2. (3) Z;(8)=——=0.58+—-=0.%+—. ThusL=0.5HandC=0.5F.
2s S 0.5
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2
+2s+
> :2.5+i:2.55—235. Hence

S+§ 32+5 52+5
S
$2+5 $2+5
=04

25s +2s+5  (s+1)%+2%

Soluiton 3. (6): Zj,(s)=2.5+

Yin(s) =

Solution 4: (1)' Dividing both equations by 2 yieldsX(s)! 2+ 2Y(s) =4!Il" 11sX(s)+2Y(s)=6,

2X(s)! Y(S) Sl" 14sX(s)! 2Y(s) = 4

Therefore,5sX(s) =10 1X(s) = % :
Solution 5. (1). Fort! 1, the equivalent circuit is given below. Thus
s & s
L(S) s W7 4l de” 15t
! . (t)y=4e ut! 1).
s %, L® (t! 1)

Iis)
..._L

#HSCD ap 108

Ip(s)="11g(s)=!

Solution 6. (2)

Solution 7. (4) y(t) fh8( 201 t)d § 4 10
olution 7. t)=f*h=8)e < u("! t)d" =¥ .
4 g gie 2 t#0

, 1 _1
Solution 8. (1) Cyi5 = 1. 0.125F andCys =—=— F.
8 8Q 16

Solution 9. (5)1= —A™8_— g Ly R, =81 .
Ry +Rg 8

R
Solution 10 (3) Qgp =! R,C =5%16*0.1=8. Then Reyjes = sz ~10 625

cap64

¢ =0.5!. Thus BN—Req—125 ’1—5"1725—4375rad/8
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1
) _ L _ 25 _
Solution 11 H, o =—=—-=2 ANSWER (2)
B, 1.25
) ) L H° L & R
Solutoin 12. (4) Y., (j! )=j! " + : th
utol ( ) Iﬂ(J ) J %: R2+|_21 2( R2+|_2’ 2 us
L > 1 R
Cl ——————=0#1"“=—1 — =251 9=16.
1
on 13: () He (9= ——LC impliesL =L 1c = v
Solution 13: (5) Hj ()= impliesL =—,!IC=+2. Hence,
2.1, L 72
L LC
10
Lfing = —=———==5 mH.
final = 21 100002
. 1 \/E #4
Solution 14 (6) L=—! IC\up =2 ICp=—— =10 F.
©)L=7" O HP = 10" 100042

Solution 15 (5) M =k/LyL, =0.5! 4=2 H.

Solution 16 (2) Using a Tequivalent circuit for the coupled inductors leads to a 3 H inductor in
9s 3s

arallel with a 3 ! resistor. The input impedance seen by the sourég.(s) = =—.
p p p y &) 3+3 s+l

The step response isiy(t) = 3¢’ tu(t) V.
Solution 17. (3) Vin(8) = LiSl gt () ! Msl gy (S) + 4l gt (S) ! MSl gt (S) + LoSl gt (S) = (4 + )l gt (S)

1 025 025

Solution 18. (4) = !
s(s+4) s s+4

Solution 19 (4) Using the T equivalent, we have that M =0 leavingM //(L,! M) :1//3:%
1
I =——=416=41/s.
o JLC
Solution 20 (2) k= M__1
JLlky, 2

Solution 21. (3) Vo (8) = 5V4(8) = 5(Vin(8) ! 811(8)) = 5Vin(S) + 258 g (5)
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Solution 22. (2) 20//30_%) 12=a’3. Thusa=2.

Solution 23: (1) V]_:! |2+|1+2|1+2|2:3|1+|2

Solution 24: (3) Zin__ S*2 Il 1Z, =s+2=y;" Yio¥a1
Zin +10 s+12 Yop + Y|
s+2=yp; ! M‘—y + 94 implies thaty;; =s+1.

Yoo + YL

. R V.
Solution 25: (4) 15 =YV, = y»Vj + Yoo\, in which case 0.4V, = '\ andvz =25.
1

Vi$ 105 '0.5¢ 11 %
Solution 26: (5) By mspectlon# 2§_ #5 0 %2

Solution 27. (4) From maximum powég, = % =0.2 S.

Solution 28. (3) L =0g=_%n__ - _“4n ThusZ,=8=hy! Mol = hy; sincehy, =0
\% an+*% Zm'*z 'b2+yl

Solution 29 (2) 12 = h2111+0.2V2 |2 =1 02\/2 |1 = % = 0125/1 —0.2\/2 = h21(0125/1) + 02\/2
1

=y 0N _ 3,23,
0.125/ Vi

hop

Solution 30. (7) 1, =hyl; +0.2V, andV, = % =15l, implies thatl, = 321! I, in which case

Vol o
Vilq

|—2:16.
I

=160.

11 2 12 1411 2$ 12 5%
Answer 31: (5). TZ:#0 §Therefore the overaltparameter matrix isT = # 1% §#1 3§

"3 '20/ 12 1%
ANSWER 32: (6) Zop = %1 1% Zoot :#1 1@. Thereforez, =! 1.

Solution 33 (6)
1,$ 12 2$|v1$ "2 120" 1 059 " 3 115y

Hog 2 28L& %2 20 905 2% B25 43
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