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ECE 2202 – Final Exam
August 8, 2018

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.

1.  ________________/30
2.  ________________/35
3.  ________________/35
4.  ________________/25
5.  ________________/40
6.  ________________/35
							Total = 200

Room for extra work

1.  {30 Points} Three identical devices have been connected as shown in the circuit in Figure 1.  Each device has terminals a and b as shown in Figure 2.  The orientations of the devices in Figure 1 are shown by the terminal names with a number added to indicate the terminals of the three devices.  
The open-circuit voltage at terminal D with respect to C was measured, and found to be 2.57[V].  When a 1[k] resistor is placed across terminals C and D, then the voltage at D with respect to C was found to be -4.59[V].  Find the Thevenin equivalent of the device, and draw it, labeling terminals a and b. 


                     



Room for extra work


2.  {35 Points} In this circuit, the switch was open for a long time before it closed at t = 0.  
a) Find the time, or times, if any, when the voltage across the capacitor is equal to +20[V] or -20[V].  If it does not ever reach one of those voltages, show how you know that.
b) Find the energy stored in the inductor at t = 1[s].  




Room for extra work


3. {35 Points} The switches were open for a long time before they both closed at 
t = 0.  Find the sum of the energies stored in the two inductors a long time after the two switches closed.  




Room for extra work


4.  {25 Points} The variables a and b are real.  Find all of the solutions for a and b that are valid for the following equation.  Show your work, showing the steps you have taken to get your answer or answers.  


 





Room for extra work


5.  {40 Points} The circuit shown is in steady state.  
a)  Redraw the entire circuit in the phasor domain.  Do not simplify the circuit in this step.
b)  Find the numerical expression for vD(t) in steady state, as a function of time t.  


 





Room for extra work


6.  {35 Points} The circuit shown below operates in steady-state.  
Load 1 absorbs (57 33)[kVA].  
Load 2 absorbs 35[kW], and delivers 17[kVAR].  
Load 3 absorbs 48[kW] at a leading power factor of 0.82.  
Load 4 absorbs 53[kVA] at a lagging power factor of 0.78.  
a) Find vX(t).  
b) Find iA(t).  


 




1.  {30 Points} Three identical devices have been connected as shown in the circuit in Figure 1.  Each device has terminals a and b as shown in Figure 2.  The orientations of the devices in Figure 1 are shown by the terminal names with a number added to indicate the terminals of the three devices.  
The open-circuit voltage at terminal D with respect to C was measured, and found to be 2.57[V].  When a 1[k] resistor is placed across terminals C and D, then the voltage at D with respect to C was found to be -4.59[V].  Find the Thevenin equivalent of the device, and draw it, labeling terminals a and b. 
[image: ]
[image: ]


2.  {35 Points} In this circuit, the switch was open for a long time before it closed at t = 0.  
a) Find the time, or times, if any, when the voltage across the capacitor is equal to +20[V] or -20[V].  If it does not ever reach one of those voltages, show how you know that.
b) Find the energy stored in the inductor at t = 1[s].  
[image: ]
[image: ]
[image: ]


3. {35 Points} The switches were open for a long time before they both closed at 
t = 0.  Find the sum of the energies stored in the two inductors a long time after the two switches closed.  


[image: ]
[bookmark: _GoBack][image: ]


4.  {25 Points} The variables a and b are real.  Find all of the solutions for a and b that are valid for the following equation.  Show your work, showing the steps you have taken to get your answer or answers.  

 
[image: ]




5.  {40 Points} The circuit shown is in steady state.  
a)  Redraw the entire circuit in the phasor domain.  Do not simplify the circuit in this step.
b)  Find the numerical expression for vD(t) in steady state, as a function of time t.  

 

[image: ]
[image: ]


6.  {35 Points} The circuit shown below operates in steady-state.  
Load 1 absorbs (57 33)[kVA].  
Load 2 absorbs 35[kW], and delivers 17[kVAR].  
Load 3 absorbs 48[kW] at a leading power factor of 0.82.  
Load 4 absorbs 53[kVA] at a lagging power factor of 0.78.  
a) Find vX(t).  
b) Find iA(t).  
[image: ]
[image: ]
oleObject1.bin
Device


Device


a2


Device


a1


a3


b2


b1


b3



image2.emf
Device

Figure 2

a

b


oleObject2.bin
Device



image3.emf
1.5[k



]

i

X

t= 0

4.7[

m

F]

2.2[k



]

+

-

7[V]

8.2[k



] 4.7[k



]

12[k

W

]i

X

+

-

5.6[mH]


oleObject3.bin
RX=
#[]


2.2[k]


17vW


+


-


+


-


7[V]


t = 2[s]


CX =  10[F]


LX =  3.3[mH]


2.2[k]



image4.emf
5.6[

W

]

L

A

= 

2.7[H]

t= 0

L

B

= 

3.9[H]

+

-

15[V]

2.2[

W

]

t= 0

5[A]

6.8[

W

]

8.2[

W

]


oleObject4.bin
7[A]


RX =  4.7[k]


+


-


7[V]


t = 2[s]


LX =  3.3[mH]


LA =  2.7[H]



image5.wmf
(

)

(

)

(

)

(

)

135

(767)

(1518)

573

a

j

jb

*

Ð°

Ð°

=

-

-


oleObject5.bin

image6.wmf
(

)

[

]

(

)

[

]

rad

14.3Vcos43038

s

rad

7.2mAsin43017

s

B

B

vtt

itt

æö

éù

=-°

ç÷

êú

ëû

èø

æö

éù

=+°

ç÷

êú

ëû

èø


oleObject6.bin

image7.emf
i

A

(t)

3.9[k



]

5.6[k



]

2.2[k



]

5[k

W

]i

A

(t)

+

-

6.8[H]

+

-

v

B

(t)

330[nF]

8.2[H]

470[nF]

i

B

(t)

3[mS]v

A

(t)

v

D

(t)

+ -

v

A

(t)

+

-


oleObject7.bin
2.2[k]


7[A]


16[S]vX


17vW


+


-


+


-


7[V]


CX =  10[F]


LX =  3.3[mH]


iA(t)



image8.wmf
(

)

[

]

rad

15.3Asin56034.

s

S

itt

æö

éù

=-°

ç÷

êú

ëû

èø


oleObject8.bin

image9.emf
Load 3 Load 4

Load 2

i

S

(t)

v

X

(t)

+

-

Load 1

i

A

(t)


oleObject9.bin
11[A]


Load 3


Load 2


Load 4


Load 1


iS(t) 



image10.png
C
-—
+ al ‘+ al
Device Device
1 We show the
+b1 b2 + a ¢ o
5 Thevenin eclul'\/-
3
Device ot the deuvice
£
Device a o
b
‘ R
D +a3 r D
. 7
Figure 1 Figure 2
b

S0 we put thit o Figuse 4, with Voc o

C 2 We write KCL at the
9]
ez 25708 Qr
oc® .57y - _ -
() Ro A570N-Vs (;).S?[u}):o
D





image11.png
TAenJ we use the secomdd case,

-
+ RD
Rp
) [ k.ﬂz l7l. 59 [VJ e U"D
+ U-D Rp
o (Do
D

Kl @ ¢ g ives:

18U 9S1-Oe | Ystga) o
1fxknd RD 2ARo

_SO’U)‘hS ft,e;‘e fwo €7uﬁ'b"0‘”f 3:\/6.5

Ro=>-229420 and Vb= -3.955/y]

a [

-2.39 k2

-3, 8’55’[1/}

| b





image12.png
5.6[mH] 7] 3-— =0

V] N < 22[kQ)]
——AT7IF] 1Sk +>

S 12{kQiy

Vo
_ A

We beq: .
€gm "7 de'ﬁnmj the voltage acvoss the

C N
apac tor and the current {—L,roush the 1nducter,

'?ealrm/ Lor T <0 I

H7{kd gafknr] U"C[o): 7503
. + '
L) 700 V(o) fulo) %{L %
- T3
(,(0)= Y87 mAJ
We need the Thevenin vesistance seen by the

‘r t2>0. Remove the cc.ch.’z‘ow) set

CaPac.‘tor
to €Yo, andk

the ‘molefaenplenf souvce €7ua/

ijoly a test souvce.
2.28knd
See

g.afksl
et e (35
pege




image13.png
KelL y{e/ols:

iT = 1) N {3 . 1fV3 =12 el Ex

g.2fksy  |sikn 2.2 5iend

é‘ - | [\/J So}n{c’v\j:
X 1.5 e (12 -2.373fmAl

Reg = ‘i; =-1181 3

T= Rea) (4.7 9\”:}> = =196 ms]

Ne.x't’:) we redraw fov ZL>0_, 5.5.}
.Alks) Q&[kn_’}

70 W %! s[m}?la[m}ix

UZ,SS"?[\/] . U—‘c_;;'g‘[kﬁgéx N VZ:,ss _
8.2 fk3 2.2 fkn] 1.5 [k

Selv fnﬂ:

Ve,s5 = ~356.7fmv]

Z - wc, 55
1.55ks3

t/) 96 8m —
Vo (£)=-0.35¢7 + (7.3567) e 717601 = 2043





image14.png
Room for ext « For the inductor, the circu’t to ?:Lrte ryht of
oom for extra wor! be Ignoved. eve (s no
the 7fyl voltage :o:v::”cain;wetmﬁ vemaining cireait;

b) The current L‘L['[:) does not change, so

L'L[I@gg) = L Y89 ma].

Thas s Wy idecor (1Gu3) = é—@.é[mﬂj)(/vs’?/md)z

=Ié.&02[n 3']7





image15.emf
5.6[

W

]

L

A

= 

2.7[H]

t= 0

L

B

= 

3.9[H]

+

-

15[V]

2.2[

W

]

t= 0

5[A]

6.8[

W

]

8.2[

W

]

i

A

i

B


oleObject10.bin
7[A]


RX =  4.7[k]


+


-


7[V]


t = 2[s]


LX =  3.3[mH]


LA =  2.7[H]



image16.png
%
8. 2[Q 2200
4&« > Lp= 15[V]
1=0 8[0] 2. 7[H] l [n 39ImH] lLB 5 6160

We bej;n by de‘(‘fninj U\e Curﬂnf i‘hrou‘jh -qu
inductors in the circuit above. Next, we draw

the ¢veuwt M

g.afnl AL n)

5 S63iny (Wl [k ’5[v}

—

W, 6.8
- n3 ~
_ﬂhfigg_]sj }(68’1-82\5513) = -2.2¢7/A}

(o) =
tglo) aam = 6.8185A7
Now, redraw for ¢>0]

g.afnl 2.2£523

[_Mﬁ}‘m M Seln) D15Vl

(Gee next page)





image17.png
The ‘nductors gre in qual/el new . The

67\43\/&/61‘{- inductor v s
Lg =2l4]lg = A7503)]3.9803 = | 595507
8.2553 2.2LR3

Le(0) = La(o) +Lg(o) = (~2a67+6.518)543
Le (0)= Y.551 A3
After o IOV)S time, the mductor Lg will act

as a Shor? circuit, and

(g ()= 15813 _
E a3 651857

The ener97 delivered 4o the vest of the

ovew by Lg wmust be the same as
that deliverek )O)/ La and Lg . TheweforeJ

Wsro,zflg[vo) - Wsto,1 41 (OJ = Wsro ¢ (oo} - W;/TOJLE (o)
Wero, 1t (#) = S @700)(-23¢70W)" + £ (3:90)(c 515(s3)" + z
r 4 (159550) (6.51888)) - L (1.595/) (4.55158))
= £.928[35)+ 90.65(3) + 37.07833~ 16.53 (3]

WsTo,a+lg (@) = 11814 3]





oleObject11.bin

image18.png
Take the COW\F/eX conjujmi-edto 3ei‘

(a L13s) _ (7267°)
(15 +1%) (s7-33b)

We cmss-MultF)ply to je'&

(as135°)(s7-3b5) = 1640 L117.2° (Equ.1)

Take the PAa:e of both sides to get

125° + qwctqw%b“ = )17.2°

tan 2k - _ °
avectan = = 178
o) - ~3b _ _
tan (-17.8%) = "5z = - 0341

]b = 6.100

N ow take the majm‘tua(e of bothsides i'n E?u..’l_.

a \/?7%(4&.3)‘ = 164.0

a = 2.’73“{)





oleObject12.bin

oleObject13.bin
2.2[k]


7[A]


16[S]vX


17vW


+


-


+


-


7[V]


CX =  10[F]


LX =  3.3[mH]


iA(t)



image19.png
i)C-Olf\veftll‘rxj to LLlwe PhaSor DOMq,‘h) we l'ld.ve;.

2.2fknt 56k 3.q,fn3“’3"33°
L T86RIT] F ~ - _
392‘1’5&)23 :7998J{kﬂ3 Vbn 3{»\5} th ]—/— 5[“131}..
/ﬁ Tom - 3.52 ¢_§E.?Jz3

/

+\7o(m - x5
3., 12047 fkny

b) To write the efjuai‘!‘cm: _ncedeij we choose v deBhe
two new variables, U, anx ’ib»-'

V v —

- + Vo + 3fmSY U, +73EmATL-03°=0
-49485lkn)  (R2+2929)) 3

b v See next

I me

T 98 3 pPage




image20.png
Iy, (394253 €5 =7.047;) (k83 - 5/k23T,,, - 14.33¢-38° =0

Vam + L. (3.4 +3.5263) (k23 = O

vdm + Vam 'l'fbm(’&.‘i[kﬂ])+O(S’.e[kﬂ}>+}/bmzo

T}'”\S is five @7\4.&'1,';0'45‘ m five unknowns and we

can solve.

i

am = A6 L199.7° fmA)

|

bm = O.389] £-96.53° fmA]
Vi = 4.020 L 135¢° £V

Uy = 149.65£5%.70° {\)

Vi = 1916 L-1153° V]
T hvevse transform to y,‘elo(

@["L) = 111e§u] cos (430 U—“f]t—//s.z")j





image21.png
S

is(’)_15~3[A]sin[560[@]t—34°jv = 15 3A)cos (Stof 21"

—e
Load | Load 3 Load 4
is(8)
i) vt
Load 2
+
.

ISus by.toas | = Ppubrsentl 2 98 55 frua)
p-f. 82 reg Ve
@LoaAZ = ave €os CO-S’Q): -34.9° (SM(Q }eﬂo(,nj>
Po:.‘tf\/-@)

@L o4 Y = avrc cos (07?) :+3%’-’7°(.ﬁnte )b\Jj;‘\nj
oa

Sabs.by.Londt = (§7£33°) [kvA]
Sebs. by, Load & = (35 -175) [KVAS
Subs. by Loaks = (S8.5£-39.1%) [kvAJ

Sabs. by Load 4 = (53 £.38.7°) [KVAS

Sum = 72709555

= Sotel by Sounce.




image22.png
. U T
a) SO‘e/.by.:ouNe - i?* = 1727 L%ss5Y¥° ["UA}

Ve = (2)(172.7 £ 4.559°)
(15.3 £ -1249)*

£V = (22572 60,559 k13

I
Vx(€)= aa.5701) cos (sto 20t +¢os5°)]

View,

F-l]

b> Sabs.by.l_oao‘iz =

(5‘8’5'[ 397 )kaA]

f:" _ d(sss /- 37{7) .
i (23.57£60.55°) (A :(5"39/-‘7§-"5 ) #a)

jam = [5 I8¢ £ +?$V§°)[Aj

EA (¥)= 8 1840A) cos(sco{™2d] ¢ + 9595 >J





image1.emf
Device Device

Device

Figure 1

C

D

a2 a1

a3

b2 b1

b3


