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May 5, 2004

1.  This exam is closed book, closed notes.  You may use one 8.5” x 11” crib sheet, or its equivalent.  You may use any calculator.  Turn all cell phones or other communications devices off.  

2.  Show all work on these pages.  Show all work necessary to complete the problem.  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.  A solution without the appropriate work shown will receive no credit.  Clearly indicate your answer (for example, by enclosing it in a box).

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

4.  Do not use red ink.  Do not use red pencil.

5.  You will have 180 minutes to work on this exam.

1. _________________/1

2. ________________/10

3. ________________/14

4. ________________/14

5. ________________/22

6. ________________/18

7. ________________/22








Total = 101

1)  {1 Point} On the front page, circle your class time.

Room for extra work

2)  {10 Points}  The terminal voltage and current, for the device shown in Figure 1, are given in the plots in Figure 2 and Figure 3.  Calculate the total energy absorbed by the device for the time period 0 < t < 3[s].  
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Room for extra work

3)  {14 Points}  Use the node-voltage method to write a complete set of independent equations that could be used to solve the circuit shown.  Do not attempt to solve or simplify the equations.  Do not attempt to simply the circuit.
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Room for extra work

4)  {14 Points}  Use the mesh-current method to write a complete set of independent equations that could be used to solve the circuit shown.  Do not attempt to solve or simplify the equations.  Do not attempt to simply the circuit.
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Room for extra work

5)  {22 Points}  In the circuit shown, switches SW1 and SW2 have been closed for a long time.

The switch SW2 opens at t = 0, and remains open.

The switch SW1 opens at t = 0.1[s], and remains open.

For the time intervals 0 < t < 0.1[s], and t > 0.1[s], find the numerical expression for the terminal voltage v2(t) of the resistance R2, and for the current i3(t) of the resistance R3.  

The reference polarities for v2(t) and i3(t) are given in the circuit shown.
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Room for extra work

6)  {18 Points}  For the circuit shown, calculate the time-domain numerical expression for the steady-state current iX(t), flowing into the branch connected between terminals  a  and  b .  
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Room for extra work

7)  {22 Points}  As shown in the diagram below, three loads are connected across a 200[Vrms] line, where the voltage vS(t) is sinusoidal, with a phase angle of zero.  The frequency is 50[Hz].  The circuit operates in steady-state.

Load 1 absorbs 1200[W] and absorbs 900[VAR].  

Load 2 absorbs 6[kVA] at 0.7 pf lead.

Load 3 absorbs 4[kW] at unity power factor.

a) Find the impedance for each of the loads.

b) Find the power factor for the equivalent circuit for all three loads together, and state whether it is leading or lagging.

c) Find iX(t).
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Solutions:  

2)  {10 Points}  The terminal voltage and current, for the device shown in Figure 1, are given in the plots in Figure 2 and Figure 3.  Calculate the total energy absorbed by the device for the time period 0 < t < 3[s].  
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3)  {14 Points}  Use the node-voltage method to write a complete set of independent equations that could be used to solve the circuit shown.  Do not attempt to solve or simplify the equations.  Do not attempt to simply the circuit.
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5)  {22 Points}  In the circuit shown, switches SW1 and SW2 have been closed for a long time.

The switch SW2 opens at t = 0, and remains open.

The switch SW1 opens at t = 0.1[s], and remains open.

For the time intervals 0 < t < 0.1[s], and t > 0.1[s], find the numerical expression for the terminal voltage v2(t) of the resistance R2, and for the current i3(t) of the resistance R3.  

The reference polarities for v2(t) and i3(t) are given in the circuit shown.
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6)  {18 Points}  For the circuit shown, calculate the time-domain numerical expression for the steady-state current iX(t), flowing into the branch connected between terminals  a  and  b .  


[image: image22.wmf][

]

[

]

[

]

1

1

2

rad

()100cos100030V

s

()10A

rad

()20sin200060A

s

S

S

S

vtt

it

itt

æö

éù

=+°

ç÷

êú

ëû

èø

=

æö

éù

=+°

ç÷

êú

ëû

èø



[image: image23.wmf]R

4

 =

40[

W

]

+

-

v

S1

(t)

R

1

 = 10[

W

]

L

1

 = 0.01[H]

R

5

 =

50[

W

]

R

2

 = 20[

W

]

C

 = 20[

m

F]

i

X

(t)

L

2

 =

0.04[H]

i

S1

(t)

R

3

 = 50[

W

]

i

S2

(t)

a

b

[image: image24.png]Since each Sourd medes a signal of afrffmm‘ ﬁef”"”‘f/ Lor
soluhon it must be aﬁ/m'ed 51//:9»7075/)5‘00.
() achve , Hhe other_two Sourds deachvared,

soura ) achy
/s a sinvsordal source, for soluhon it is considertd

Snee s
the orivaut in the ;obasvr domanh, with  wy = 1000freds].




[image: image25.png]Room for extra work ' )
S = L ) = | ({000 0.04):
2Zp(=10/lnl Qg =|twibe]=]

Tym
Zry= 4olr|

™ 5
C_ VSlm = e 2Ly = J{W{La J J(MDOXO 0Y) =
E J‘m/ﬂ/
THresvlts, _ ,
il W g ial

’ T -
i L= ZR¢+ZLH+ZR4+Z¢H 40+Jw+‘wrj‘/ﬂ _————--

) a/éer W souras a/éac/iv /M’

Source 454 (t) achw +h M,,z -

with the souree s @5 & de souree, 4he o
s}eo«d]—x%ak ~Ame Apmaodn 1S i bR i s

Rz = 20/nl Y
Ry =10[nl 2c - - ;
W - \'()(a{'f)- '(nj( _—_-——R‘.'-Rt’

N 4
Axetl, o Ly = {olA 0 )
R T RER Chrwtd Lok

dq
Souver Aip(€) Achit, Hte aﬁwr twto SoureEs. de__ﬂfﬁV{f‘,

————r

e 4 15 @ e
Sinee 4sp 1S 4 cinvsoidal souree, 0¥ solution

considered the oot in /n/’)ﬂmr domanh, With

20 Cos (2007t +60 )=

syt 209/%[20001‘-{-5/)
e and = - ooov [red s/

_ 20 Cos (2000t -3¢ 1A,




[image: image26.png]el Al B e e
T e

Room for extra work ' v o 77 ‘
z:=J("L£Z):—JEL
Zu = i0la] gou ) oo x 2o
_'_./\/\/\____rYY\ Re=20in| Zy=50n) =-)2Sal
o M J\/\/\___.( (..____ _
2 (gooa& vol) Zriy 240/ Liem =
= j?ﬂ/ﬁ[ Ixm3 l = 20/_:10'
: Zi2.2 J [2000%0.04): /A
:] 80/
Then with the COR,
— o— 2 ZL , ¢ .
-0 Zeo+ Zu2tZent L2z (10+j2o)+( 4r1j80)
o v !
= —-l/l—?a .z —l! Ziﬁ'o‘_ //i)!
on J0the hirme domarh

With the ja/msors' inverse mnsﬁrmaﬁ
P Eom =T (45" 41} = VECos

Ay Lt) = ?'{ Erma}’-'-? "{ 4 L@'/AI}:  Cost (200! +150) A/ ,
and superpdiing fhe Lo in Fhe hme domar,

i} redvitt
‘{-)(['f) = "X{/‘i‘)?‘ ﬁfz/\‘)-l' {13 /f/:

TN

= D4 VZCos(waof—lS')+4 Los

as . e
PIE (1ooot-15°) 4],

went cormponen

(eaoal‘Hb‘a'/ /A





7)  {22 Points}  As shown in the diagram below, three loads are connected across a 200[Vrms] line, where the voltage vS(t) is sinusoidal, with a phase angle of zero.  The frequency is 50[Hz].  The circuit operates in steady-state.

Load 1 absorbs 1200[W] and absorbs 900[VAR].  

Load 2 absorbs 6[kVA] at 0.7 pf lead.

Load 3 absorbs 4[kW] at unity power factor.

d) Find the impedance for each of the loads.

e) Find the power factor for the equivalent circuit for all three loads together, and state whether it is leading or lagging.

f) Find iX(t).
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