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ECE 2300 – Final Exam
April 30, 2008
Keep this exam closed until you are told to begin.

1.  This exam is closed book, closed notes.  You may use one 8.5” x 11” crib sheet, or its equivalent.

2.  Show all work on these pages.  Show all work necessary to complete the problem.  A solution without the appropriate work shown will receive no credit.  A solution that is not given in a reasonable order will lose credit.  Clearly indicate your answer (for example by enclosing it in a box).

3.  It is assumed that your work will begin on the same page as the problem statement.  If you choose to begin your work on another page, you must indicate this on the page with the problem statement, with a clear indication of where the work can be found.  If your work continues on to another page, indicate clearly where your work can be found.  Failure to indicate this clearly will result in a loss of credit.  

4.  Show all units in solutions, intermediate results, and figures.  Units in the exam will be included between square brackets.

5.  Do not use red ink.  Do not use red pencil.

6.  You will have 170 minutes to work on this exam.
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3.  ________________/30
4.  ________________/15
5.  ________________/25
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Total = 125
Room for extra work

1.  {15 Points} For the given circuit, use the node-voltage method to write a complete set of independent equations that could be used to solve this circuit.  Do not simplify the circuit.  Do not attempt to solve or simplify your equations.  Define all variables. 
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Room for extra work

2.  {20 Points} Use the circuit shown below to solve this problem.  
a)  Find the Thévenin equivalent as seen by the iS3 current source.
b)  Find the power delivered by the iS3 current source.
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Room for extra work
3.  {30 Points} In the circuit shown, switch SWB was closed for a long time before t = 0.  Then, at t = 0, switch SWB opened.   
a)  Find vX(0+).

b)  Find iX(0+).

c)  Find the energy stored in the capacitor at t = 3[s].
d) Find iX(0.5[s]).
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Room for extra work

4.  {15 Points} In the diagram given below the box marked Variable Frequency Current Source can be used to generate sinusoidal currents, at arbitrary frequencies.  Find the nonzero frequency, in [Hz], that would result in the voltage vX(t) being 180° out of phase with the current iQ(t), in steady state.
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Room for extra work

5.  {25 Points} An MP3 player is set to produce a constant amplitude sine wave at 440[Hz].  When the MP3 player is connected to a voltmeter that can read phase, the voltmeter reads 7.32[Vrms], with a phase shift of 0.  When the MP3 player is disconnected from the voltmeter, and connected to an ammeter that can read phase, it reads 341[mArms], with a phase shift of -18.3, using the same reference phase that the voltmeter uses.  Find the average power delivered by the MP3 player when it is connected to a speaker which can be modeled as an 8[] resistor in parallel with a 36[F] capacitor.  

The voltmeter has a full-scale reading of 20[Vrms], and a meter resistance of 200[k].  The ammeter has a full-scale reading of 2[Arms], and a meter resistance of 15[].  You should assume that the meters have no significant inductance or capacitance in their models.  Assume that each connection is allowed to reach steady-state before measurement.

Room for extra work

6.  {20 Points} The circuit given below operates in steady state.

The load called Load 1 absorbs 5.7-43[kVA].
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a) Find the real and reactive power absorbed by Load 2.  

b) Find the power factor for Load 2, and indicate whether it is leading or lagging.

c) Find the impedance of Load 2.

d) Find one possible circuit model for Load 2, using a combination of resistors, capacitors, and inductors.  
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Solutions:
1.  {15 Points} For the given circuit, use the node-voltage method to write a complete set of independent equations that could be used to solve this circuit.  Do not simplify the circuit.  Do not attempt to solve or simplify your equations.  Define all variables. 
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2.  {20 Points} Use the circuit shown below to solve this problem.  

a)  Find the Thévenin equivalent as seen by the iS3 current source.

b)  Find the power delivered by the iS3 current source.
[image: image9.png]ALk LIV AV AL ARARAL Y IR L VWAV ELS MR A ALY AR
=/ Red

- Tg=7mAl T T —

s /‘\ /\zm(/\?\)_ 22[kQ]

Va2 =

1120}

O i

f

Subc;f‘Cuft A

since 1t f 1

We can lgmove _SubcMCv-'l:A

UD/’[:CLSQ Sfouvice,

rollel with the Us
Pa 3, O\v\A de@n.nﬂ

\/\)Q LGN vedvaw V‘emovw\j 15
v ClV‘CVI'(T ()O/'éc‘je) (TOC,

the ope
2,20k

125Kn) Cx

18623

3-92](.31}@
KUL gives: —13{u} - Lx [Q.lzknj #1013 H.‘?[Uﬂ) F12§K) iy =0

tx = ~13{u] =2 @,53[MA}
-4.9 {3 ' page





[image: image10.png]52. CO\niinue({I

K VL yielal.r :

1303 - (x (@3] 405, -Lx (395k03) = O
So}uins this 3iu€! us the O/Den_cfrcbn'f

Voli‘ajeJ U-\OC) as

Nexz':) we choose to Timd the shor#-civeuit
Curren‘f:J lisc . Df‘av/fﬂj ‘Z‘he ca‘rCun‘fJ refJ/ac,’nj

ﬂ\e L‘S:; Cuvreal Ssouvce with a wfved gives

i’l\e ‘Fo //ow:'nj CI‘Y‘CM;'&.

Q.QEKJIJ @
+.
1350 e KTQO[JZ] 13k [y
1{ks]

Wv*ftinj Kcl tfor the @ node 3/’\/63‘

Ux . Ux=13y) . Ux —120en3lx _
gaoln] 2.3} + 3.95k ) 1000f]
An e?“&t jom for (x 1Y .
‘ US( -3 See next

Lx = o o




[image: image11.png]A continued]

Solviag , we 39{’
U—X = -5(.34 {V} and [X: —/}367’[,,,,4]

TLew) fromm  this  we 3e'(':
lsc® X = (g 6gfmA7
82003 RACHEES

F‘M”/J REQ:’__U;O_&I: 29.1%5u)

o — 6% 68[mA) :

So, # ; -
o, he Theveain eiu-Ua/en‘(‘)wfzf-ln rf.rfeci‘ to

%Ae LSZ (O(V'Ye-ﬂ'(— Souvrce ;\_{ O((\awy\ as

Req= -Y2s{523

Vet (F) @
29.154] (1)tss= JmA]
B
b) Kvl 3;V€S
. Us -29.1880) - ({53)(-vas2n3) = ©.
ws
Vs = QQ.QI[V],
Tl\efe_{'ofe

’ 7°DEL.5V.£53 = Ug Lss :(a 63![@)(7[,,,/4)):

:2 }gsy[mh/]’





3.  {30 Points} In the circuit shown, switch SWB was closed for a long time before t = 0.  Then, at t = 0, switch SWB opened.   

a)  Find vX(0+).

b)  Find iX(0+).

c)  Find the energy stored in the capacitor at t = 3[s].

d) Find iX(0.5[s]).
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4.  {15 Points} In the diagram given below the box marked Variable Frequency Current Source can be used to generate sinusoidal currents, at arbitrary frequencies.  Find the nonzero frequency, in [Hz], that would result in the voltage vX(t) being 180° out of phase with the current iQ(t), in steady state.
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We begin by simplifying the circuit.  First, we will replace the large box with a current source, since that is what we have here.  We will name it iS(t).  Second, we recognize that we have two capacitors in parallel, and can replace them with a single capacitor whose value is the sum of the capacitances.  In a similar way, the three inductors are in series.  Since the order of the components has no effect on vX(t) or iQ(t), we can replace the three inductors with a single inductor, which is the sum of the inductances.  We show the redrawn circuit below.
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Now, we will transform this circuit to the phasor domain.  We do not yet know the frequency; that is what we are solving for here.  We also don't know the magnitude or phase of the source, so will represent those as variables as well.  Finally, we note that we want vX(t) and  iQ(t) to be 180° out of phase.  This is the same thing as saying that the voltage vQ(t) defined on the diagram is in phase with  iQ(t), since vQ(t) and vX(t) are 180° out of phase.  The diagram is on the next page.
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In this diagram, then, Vq,m() is in phase with Iq,m(), which means that the equivalent impedance of these three components must be purely real.  


This is an important statement, and subtle, so we will say it again in a different way.  The voltage Vq,m() is the voltage across the three impedances.  The current Iq,m() is the current through the same three impedances.  The three impedances are in series.  The voltage and current are defined in the passive sign convention with respect to the three impedances.  Therefore, taking the series combination, that series combination has an impedance where the voltage are current are in phase.  Since they are in phase, when we divide the two to get the impedance,
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we can see that since the phases are equal, and when we subtract them for the division process, they will cancel.  This leaves
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This result is a real number.  So we can solve this problem by setting the imaginary part of the impedance equal to zero.  The impedance is
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So, we set the imaginary part equal to zero, and get
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Solving, yields the following expression
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We only take the positive solution, since a negative angular frequency has no meaning in this situation.  This is the solution for the angular frequency.  The problem requests the frequency in [Hz], so we need to convert, to get
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5.  {25 Points} An MP3 player is set to produce a constant amplitude sine wave at 440[Hz].  When the MP3 player is connected to a voltmeter that can read phase, the voltmeter reads 7.32[Vrms], with a phase shift of 0.  When the MP3 player is disconnected from the voltmeter, and connected to an ammeter that can read phase, it reads 341[mArms], with a phase shift of -18.3, using the same reference phase that the voltmeter uses.  Find the average power delivered by the MP3 player when it is connected to a speaker which can be modeled as an 8[] resistor in parallel with a 36[F] capacitor.  

The voltmeter has a full-scale reading of 20[Vrms], and a meter resistance of 200[k].  The ammeter has a full-scale reading of 2[Arms], and a meter resistance of 15[].  You should assume that the meters have no significant inductance or capacitance in their models.  Assume that each connection is allowed to reach steady-state before measurement.
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6.  {20 Points} The circuit given below operates in steady state.

The load called Load 1 absorbs 5.7-43[kVA].
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a) Find the real and reactive power absorbed by Load 2.  

b) Find the power factor for Load 2, and indicate whether it is leading or lagging.

c) Find the impedance of Load 2.

d) Find one possible circuit model for Load 2, using a combination of resistors, capacitors, and inductors.  

[image: image30.emf]Load 1

+

-

Load 2

v

X

(t)

i

S

(t)


[image: image31.png]We beSI” L)’ 'é‘\l‘\“nj the rms Fhﬁjor 'tv/‘a/\x'ﬁ)/m:
O'F -Hae 'two 33\/?/\ e 'ﬁ‘,.c'fionf)

H

- 373 /27.3° [Pyems] = 26,9 L2737 [Ame],

SfmJ
and

990 4 1586° [L/W]: 3//&)58’°[t/.'mJ_

A, reas - _\7-7

<




[image: image32.png]6 Cobineed] Thes, since they ave definedin the s

5;3,4 COﬂUeﬁt"DﬂJ

Sd’ez.by_és = - f& *

X) S ) ymS

i

- (3,;1_)55‘)(34,.44473") LVA]

= 210 /-19.3°fuA] = $357-6aas;fva]
T)wen) b\/

fon Servetioan  of Com/?/ex foweg e haue

S = N -
t/‘b-f.b)r.l_oa‘la SAC’.bY.L_{ jab.fb)/ Load |

= (8;1/0[~y‘/‘.3°.— §700[—V3°>[u,4j
= 26320 £-£3.41° VA3 = )1 8523377 (va)
G) pab.fla)/ load 2 — /1 QS[WJ

& as, by. Load 2 = ~2337/vAR]
b) pf = cosl-e3°)

F«F = [O.’*/SR ]eanl:‘nj}

2
c —
) yabs.l,y‘Loa‘,,tQ ‘[ISJYMJ) 2/0&0{3 5 So

= )}35—~2337J'
(2c.4)*

Zonva :[/.’7 -3.%357 {n] = 3_’75'7(—4;3,07"{1//4;]/

Z apd

{3





[image: image33.png]@COn%ivxuedL .d)To Sef A circut ,,,,ode{) we

Choose g Caﬂac;"éov‘ ’n Seriel with g

resys tov

—

XLOM)Z 2 -3 ) om0 —
) (oo

Ouv model will then be

L7f0)

€.07§mFY
T




_1268725219.unknown

_1268726942.unknown

_1271014184.vsd
30[]


3.3[mH]


2.2[mF]


16[S]vX


t = 0


iQ


+


-


10[V]


13[A]


+


3.3[]


3.3[H]


7[F]


500[m]


5vQ


iX


Switch SWB


9[V]


2.2[A]


4.7[]


5.6[]


1.5[]


1.9[]


1[]


vQ


-


-


+


vX


-


+



_1271062217.unknown

_1272712858.vsd
+


-


vS=
#[V]


RX=
#[]


RX=
#[]


+


-


7[V]


3[mS]vX


7[A]


2.2[k]


17vW


+


-


7[A]


22[]


2.2[k]


vS3 =
15[V]


5.6[k]


6.8[k]


4.7[k]


iS2 = 3[mS]vX


3.9[k]


3.3[k]


2.2[k]


iS1 = 7[mA]


2.7[k]


vS1 = 13[V]


2.2[k]


3.9[k]


820[]


iS3 = 7[mA]


1[k]


vS2 = 12[kW]iX


vX


+


-


iX



_1271051031.vsd
13[A]


Load 2


Load 1


vX(t)


+


-


iS(t)



_1268727469.unknown

_1271006494.vsd
RX=
#[]


3[mS]vX


3[mS]vX


3vX


+


-


7[A]


17vW


+


-


+


-


7[V]


+


-


7[V]


2.2[k]


2.2[k]


6[V]


33[]


23[]


24[]


20[]


13vW


21[]


22[]


5[V]


30[]


31[]


12[]iW


25[]


10[A]


vX


+


-


34[]


11iX


27[]


iW


iX


vW


+


-


9[A]


26[]


8[V]


14[S]vX



_1268727459.unknown

_1268726755.unknown

_1268726881.unknown

_1268725526.unknown

_1268723876.vsd
45[]


13[A]


iQ


2.2[mF]


3.3[mH]


11.5[mF]


12.3[mH]


iQ(t)


vX(t)


+


-


iS(t)



_1268724926.vsd
45[]


13[A]


iQ


2.2[mF]


3.3[mH]


1/(jw11.5[mF])


jw12.3[mH]


Iq,m(w)


Vx,m(w)


+


-


Is,m(w) = Imagcur


Vq,m(w)


+


-



_1268669356.vsd
45[]


iQ


2.2[mF]


3.3[mH]


6.8[mF]


2.2[mH]


4.7[mF]


6.8[mH]


Variable Frequency Current Source


iQ(t)


vX(t)


+


-



