ECE 110 | " September 22, 2008
Professors Brunet and Loui

HOUR EXAMINATION #1

1) Write your official: . .
Last Name (use capital letters): VerSrone,
First Name (use capital letters):_n ‘

Netld & UIN: gme_Trom, eQCLIu 'mzt%ﬂ‘ad

2) Write your name and section at the back of the test.

DO NOT TURN THIS PAGE UNTIL YOU ARE TOLD

Make sure to write your name AGAIN at the top of every page of your
exam.

A. Write or print clearly. Answer each problem on the exam itself. If you
need extra paper, there is an extra sheet at the end of this exam. Clearly
identify the problem number on any additional pages.

B. In order to receive partial or full credit, you must show all your work,
e.g., your solution process, the equation(s) that you use, the values of the
variables used in the equation(s), etc. You must also include the unit of
measurement in each answer.

Students caught cheatihg on this exam will earn a grade of F for the
entire course. Other penalties may include suspension and/or dismissal
from the university.



Problem 1 (40 points)
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a) /6 prs.] Write two KVL equations (use only voltage parameters). Clearly indicate on the
circuit which loop you are using.

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

b) /6 pts.j Write two KCL equations (use only current parameters). Clearly indicate which node
you are using.

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

d) /6 pts.] Using equations above, solve the circuit. Clearly show all steps you are using.
B.g/(( 5)4#&?2\, v\ 2\’2va3= iy ’5(6 (53, VZ :2;2 =S. 6
(D, ;=9 v=14 By (6>, V3 =31, =84
g‘a (q, (s))Cé), and (4) G‘J Gd
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I =25,4Bi5=(2+3)4, 2 A AQy =42

40 Aq =528 ( ¥

and Lg = },)_ =2.8

(write answers on next page)



Problem 1 (continued)
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e) /8 pts] Compute the SRS power for each component. Show work.

the 14V gpurce o 14 x(-T)
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—-4x16.85=-2352
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) [8pts.] Compute i3 using the Current Divider Rule. Clearly show work (showing a formula is
not enough — explain what you do).
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Problem 1 (40 points)

a) /6 pts.] Write two KVL equations (use only voltage parameters). Clearly indicate on the
circuit which loop you are using.

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

b) /6 pts.] Write two KCL equations (use only current parameters). Clearly indicate which node
you are using. '

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

d) /6 p1s.] Using equations above, solve the circuit. Clearly show all steps you are using.
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e ue @: Tz=lirizz 14 +2.8 = T =168k

(write answers on next page)
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Problem 1 (continued)

i=| \4A b= .8R b= .8A
vi=| 1A vdts v.=| 5.6\ vi=| 84wk
- 16.84

.

e) /8 pis.] Compute the SRS power for each component. Show work. T
or the \L\Vo\‘;” Sot (e lwemd ‘&(’u\a (<) o hawe (h(.v, ~L)wm

= e(1avo\§)e= 14 x (~16.8)= ~-a35.2W. | o
P(IR)= Yi.li= 14 % 14 =1q6W P(an)s Ya.ias S-6xQ&=W.

e(3 =V3.12= 8.¢x Q.8 = a23.5aW)
notcfj\)a\f S Busers = 335241964 1569 +33.5A=0 ]

P(14V)=| . QJS. aW peo)=| \9.68W
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f) [8pts.] Compute i3 using the Current Divider Rule. Clearly show work (showing a formula is
not enough — explain what you do). . . *'b - .
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Problem 2 (20 points) The kinetic energy of a Toyota Prius car is 53 kilojoules (kJ) when it
travels at 20 miles per hour (mph). The car’s regenerative braking system has a generator that
converts the kinetic energy into electricity, which recharges the battery. We model the battery as
a 290 V ideal voltage source and a 0.06 € resistor. Starting from a speed of 20 mph, the brakes
are applied at time # = 0, and the current I(¥) from the generator decreases linearly from 30 A to
0 A at time ¢ = 4 seconds (sec).

A, V- I(?) (amps)
A
0.06 Q
+ 30
generatorq :I Ve Cﬁ) 290V
— t (sec
5 (sec)

a) 2 pts.] Write a KVL equation that relates 7, and V.
\J% =\ ¢t 290
b) 14 pts.] Determine the value of ¥, when 7 reaches 0. Explain your reasoning.
By Ohuis Low, wWlow T=0, \( = 0.06xT =0.
506% gart @, Vg = N 250 = 0+20
ve=| 290 V
¢) [8prs.] Determine the average SRS power P, for the 290 V voltage source between 0 and 4
seconds. Show your work. 2%0 V x 304 = 8700 W in & o9 PW

Tower ok yeUugedeurce areo- uedar mve | 7y 0
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)
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.
d) /6 ptsJ Determine the total amount of energy returned to the voltage source and the efficiency
of the regenerating system in this case.

EM‘%’JPM%’(L"M :4350\\‘&442:(.
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Problem 2 (20 points) The kinetic energy of a Toyota Prius car is 53 kilojoules (kJ) when it
travels at 20 miles per hour (mph). The car’s regenerative braking system has a generator that
converts the kinetic energy into electricity, which recharges the battery. We model the battery as
a 290 V ideal voltage source and a 0.06 Q resistor. Starting from a speed of 20 mph, the brakes
are applied at time ¢ = 0, and the current /(f) from the generator decreases linearly from 30 A to
0 A at time ¢ = 4 seconds (sec).

1, - 1) (amps) ¢ 69
i ¥ -z
0.06 O
N 30 o.NbQ - 9_/
generator({] Ve / 9290 A% //

) Z
— t (sec)
0

a) /2 prs.] Write a KVL equation that relates ¥, and V.

Yg = V\- +&‘|O

b) /4 pts.] Determine the value of ¥V, when / reaches 0. Explain your reasoning.

when T reaches © , Vr= T «0.06 yeadhes o o
From (9 Vg = Vr +290 reacheo 290

v,=| QO vk

¢) /8pss.] Determine the average SRS power P,,, for the 290 V voltage source between 0 and 4
seconds. Show your work. NS

?% (a%ov) = aueroge (220 xT) = ’Zﬁa x cwuogz(l)
(T) = U8 wd-r'l___ 60 (&,Q work close 1o
owreg - euiod 4 ‘8'\9‘?\")

= owesoge (X)=\SA Ragp =qo0xis, 4350 W/

avg —

d) /6 pts.] Determine the total amount of energy returned to the voltage source and the efficiency
of the regenerating system in this case.

Enerqy (aq0Y)= faug (290v) ¥4=4350x4 =1%,400 Ky

E\:ﬂdm% = 19,40 0= 32.8%
53,000 Energy = | \ 7,400 T

Efficiency=| 39 .& °/ o




Problem 3 (20 points)

9R +47

a) [10pss.] Show that the equivalent resistance R, between node a and node b is 27 Q.
Explain your reasoning using diagrams, formulas, and words.
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b) /5 pts.] Using part a), explain why it is impossible to choose R so that R,; < 6 Q.
'B}Put('a) Rap< b Vgl qRK+l;7<é honea_

TR+4T < 6(ReD=CR+Y2Z  or ZRL-S ond R<-S/z<O0.
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¢) /5 pts.] Using the Voltage Divider Rule determine the value of V3 when R, =7 Q.

£ No— The three resistors %M&Awgav«&vm

£ 2+9+6 = (§JL
\
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Problem 3 (20 points)

9R + 47

a) /10 pts.] Show that the equivalent resistance R, between node a and node b is

R+7

Explain your reasoning using diagrams, formulas, and words.
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b) /5 pts.] Using part a), explain why it is impossible to choose R so that R, < 6 Q.
\¢ Rb<b = 44+3a cb —> 4F+9R & gar6R = 6R -5
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¢) /5 ps.] Using the Voltage Divider Rule, determine the value of ¥, when Rap = 7 Q.
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Problem 4 (20 points) The component C below has the I-V characteristic shown, with an
unknown constant s. The units are amps and volts.

I=s¥V—-48

I
‘_._—_
——.a
+
V
@

b

a) /5pts.] Can C be a single resistor (with no other components)‘7 Axnswer yes or no or
insufficient information, and justify your answer.

T ,.__,
No. For o reaistor Riwoban V=0 Cééoﬁmtaw Buat
it the TN M&»ﬁautc c, whoa V=0, T=-48
Thes C con nét be a_ rolbatog
b) When C is connected to the resistor and ideal current source shown below, the operating
voltage Vpis 9 V.

< W <
—V+ +
6A Va

INVEE N 1N

(1) [5 pts.] Determine the value of s (in amps/volts). Show work.

\LCL-O:‘&'C Io o. F«m‘dlﬂ.i- aCﬁ(uﬂcwr**

No =8, debove 6=9s- 4.8
c- 08 _, 5 s=| (.2 AN

(ii) /6 pts.] Determine the values of ¥; and V,. Show work.
B VL, g W\ =\,
- — ,= 30
Ol L""J, \’\"6‘:‘:"9"‘J =] 30 V

So \11;\]‘,*\1‘:—304—‘1:3‘\ | n=| 3q V

(iii) /4 pts.] Does the 6 A current source generate or dissipate electrical power? Justify your
answer. [HINT: 7, > 0]

The SR SRS power af the bA veurce & ~6x\ = -4 W<,

o & Muglﬁm
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Problem 4 (20 points) The component C below has the I-V characteristic shown, with an
unknown constant s. The units are amps and volts.

a) /5 pts.] Can C be a single resistor (with no other components)? Answer yes or no or
insufficient information, and justify your answer.

MO . VU\" N1} S\HS\Q (’CS}S\'SF I:-LV w\-\p_u\f:o T -0 -
T8 \-ko.g'\uen wee  wha V-::o) T=-4¢.% Cno“%m)

b) When C is connected to the resistor and ideal current source shown below, the operating
voltage Vpis9 V.

e
" -+
C Vs
(1) /5 pts.] Determine the value of s (in amps/volts). Show work. . .
8y K(L:To=z 6k Vo= SY giwen- (Vo,To) sdisRe the

gien IV () 6=5x3 4.8
=>> S:C6+4‘8)/9 = ‘-g‘ s = (.D\ k/\le\r

(ii) /6 pts.] Determine the values of V; and V,. Show work.

JSie To=6CA :Yi=To.5 = 6aS= BOVO\K'
.%KVL . Yaz Vi4VYo=30 +3 [ Do vl

=1 39 Wl

(iii) /4 pss.] Does the 6 A current source generate or dissipate electrical power? Justify your
answer. [HINT: V, > 0]

| YLQPM&I\SQQ ,s Va K(-fm)j\/:.>o => pouer <O
So ok is %gereiing olecti cal Power —



