Electric Circuits Prof. Shayla Sawyer Fall 2014
ECSE 2010 CP04 solution

What is superposition?
What is a dependent source?

Review Problem:

a)

MezshWode again

. Vs . RE .
Vi K ': ok \‘..3
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=R 1) = R7 iz}
2k 2k f'/
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v

1. Using the labeled nodes and mesh loops, determine the linear equations for both methods.

Node analysis equations.
# of nodes (6) - voltage sources (1)-reference node (1)

4 unknown equations
() Vp-Vp=-2V (think like going from ground to node, so negative 2)

Supernode V1 and V2

Vi-Vs4 Vy-Vg V2-Vg
+ + =

0
4k 2k 2k
Vi Vg V
(2) —+V2 i'f'i\\—V?,Ell—————s=O
4k 2k 2k) 2k 4k 2k

At node V3 (center right point)
V3—V2 V3-V5 V3—O
+ +
2k 2k 1k

=0
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@& SRS VA, ER e
V2[€ *V3 +2k+1k} 2k) |

At node V5
V5—V4 V5—V3 V5—V2
+ +
2k 2k 2k

—1d0"3=o0

1 1 1) _
4 — - — - — + Vel +—+—] =100"3
) STk % 2k)

At node V4

V4—V1 V4—0 V4—V5
+ + =
ak 2k 2k

(5 =V
—1+V4i+i+i\\—V5[€i\=0
4k ak 2k 2k) 2k}

2)  Matrix solve sorry: full matirx doesn't fit on one page!
Mo -1 0
1 ( 1,1 ‘\ -1
4% 103 sz 108 2X 103) 2% 103
-1 1 1 1
0 ( + + \\
My := 2% 103 \2>< 103 2x103 1x 103)
-1 -1
0
2% 103 2% 103
-1
0 0
| 4% 103

-1

4% 103

-1

2% 103

\4>< 103

2% 103

2% 103)
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-2
0
Ca:: 0
100~ 3
0 V1 =-osV
— 1 —
Xq:= My TCy 0576 Vo =14V
1424 V3 =074V
Xq=| 074 Vg =05V
0.508
1.559 Vg = 156V
V6 = oV
Mesh lysi N h
esh analysis eed supermes 4—1=0 3
equations
(1) lg—13=1lg
Loop il
-2V + |1|:|R7 - |2|:|R7 + |1|:|R2 - |3|:|R2 + Ill:IRl =0
(2 [1002k + 2k + 4k) = Io[(2k) = I30{2K) = 2
T/}lN. R6
Loop i2 ;gmm i
I2Rg + 12Rg — 14[R5 + I5[R7 — 13[R7 = 0 —
r3
(3)  —lqk + Ipok + 2k + 2k) — 140(2K) = o * @ S

Loop (supermesh entire bottom)

[254.2uA

S R4
S 1k

|3|:|R3 + |3|:|R2 - |1|:|R2 + |4|:|R5 - |2|:|R5 + |4|:|R4 =0

(4)

=11 [{2K) — I3k + 13002k + 2k) + I40{2k + 1K) =0

11.000mA
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g% 103 —2x 103 —2x 103 0
—2x 103 6% 108 0 —2 % 103
Mal = )
—2x 103 —2003 4x103 3003
0
0 0 -1 1 .
Cal = 0
1do™ 3
— -1
2712 X 10~ 4 l15 = 0.271mA
339 % 107 4 -
xal — |2a- 0.339MA
—2542 X 10~ 4 B
4 |3a = —0.254mA
7.458 X 10
| 4a= 0.746MA
3) Determine the voltage across R7
Vo-Vg5=VRy
142 — 156 = —0.14 just means terminals are switched if negative

or from mesh analysis

2kQ[QI1a— IZa) = —0.136V
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b) Hb

e k A‘r

4k

V2
@ B = R7 6 =
3E-3 2k

Voltage sourceis a short
Current source is open

1) Draw the superposition circuit for each source

R6
A
4k
L] Vv2 | flipped the circuit
6V — § R7 horizontally
-T 2k
13
R7 R6
1k

3mAC>
\\'% 2k
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2) Use superposition to determine the voltage across R7

Vop = 6V Rgp 1= 4k Ryp = 2K

For voltage source use voltage divider

Ve oy R7b
R7b = Vopl 5————
Reb *+ R7p

VR7p = 2V

For current source use current divider then ohms

law
e Reb
R7b = ~lapl5———%—
R7b * Reb

|R7b = —2[nA

VR7b2 = IR7bR7H
VR7b2 = 4V

V1ot = VR7b * VR7b2 = 2V

I3b ‘= 3mA

Fall 2014

6 of 14



Electric Circuits Prof. Shayla Sawyer Fall 2014

ECSE 2010 CPO04 solution
c)
Vi RE
4| AN
2 2k
z R7
2k
R2 V2
AN [z
2k 4
R3 @ R4
g 2k 1E-3 : 1k

Apply superposition to the circuit shown above to find VR7

Start with Voltage source V1

V1 R6
i Wy
2V 2k
s o
R2
A
2k
R3 R4
2k 1k
)
Rac = 2k Roc = 2k Ryc = 2k Ree = 2k Rac = 1k
Vlc =2V V2c =V
IlC = 1mA
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MESH ANALYSIS
Loop 1
-2V + Ill:IR?C - |2|:|R7C+ |1|:|R2 =0
-2+ 113k — Io2k + 112k — 132k = 0
W) ok +2k) = 102k) - 14k =
1002k + 2k) = 15l(2K) — I3k = 2
Loop 2 (2003 + 2[40d) —2[403 —2[403
IR = 1R + [-[Re = 0 M= —2[d03 (2003 + 2[03) 0
27 117 T 126
—20103 0 (2|]03 + 2003 + 1|3lo3)
|2|3k - |1Dk + |2|3k =0
2
=110k + [k + 2k) =0 Cei=| o
0
Loop 3
|3|:|R3 + |3|:|R2 - |1|:|R2 + |3|:|R4 =0 XC - MC :|_|:([:C
—1102K) + Igl{2k + 2k + 1K) =0 0001 X 10~ 4 J1g,:= 0.91MA
XC =| 4545 % 10”4 IZC 1= 0.45MA
—4
3686 % 10 I3; 1= 0.36MA
VR7 = (11¢ = 12 Rzc l1c = lpg = 046[MA
VR7 = 092V
R6
ANV
For voltage source V2 2
R7
2k
R2 V2
W ol
2k 4
R3 > R4
2k 1k
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MESH
|1|:|R2 - |3|:|R2 + |1|:|R7 - |2|:|R7 =0 |2|:|R7 - |1|:|R7 + IZDR6 - V2 =0
(1) |2k + 2K) — |2k — Iq2K = o (2 =110k + [k + 2K) = 4

|3|:|R3 + |3|:|R2 - |1|:|R2 + V2 + |3|:|R4 =0

(3 —I4k + g2k + 2k + 1k) = —aV

(2003 + 2[03) -2 % 103 —2[403 .
Meo 1= —2[03 (2003 + 2[10%) 0 Cepi=| 4
—2[403 0 (2003 + 2403 + 1[103) -4

— -1
ch T McZ [Ccz

1818 X 10~ 4 l1c2 = 0.182mA
X = x 10~ 3
c2 LO9L % 10 loep = 1.09MA
_ « 10— 4
723X 10 I3c0 1= —0.727MA

VR7c2 = (_|2C2 + I1C2)|:IR7C (Check direction of loops relative to what it should be!!!)

VR?cZ = —1816V

OR find voltage at Va and Vb (still need to watch signs of current based on loop direction)

- —I3C2IZIR3C = 1454V

|3C2DR4C = —-o0727V

Fall 2014
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4+ —0.727 = 3.273

1.454 — 3.273 = —1.819

Last current source |1

KCL at Va

Va—Vb Va—Vb Va—O Va—Vb
+ + +

(l) Va[€i+i+l \ _+i+_ =0

(2) _V(i+i+_\\ V(l 1+1 —\—1mA

a\zk 2k 2k) b\2k+1 2k 2k)

( 1 1 1 1 ‘\ [ 1 1 1 ‘\
+ + + - + +
\ 203 2003 2003 2003 ) \ 203 2003 2003 )
M . —
c3-~ RS S T (1 1 1 1Y

+ + +
\25[03 203 2Eio3) \2><103 1% 108 2% 103 2><103)

.
Car =
3 1o~ 3

L -1
xc3 T Mc3 [Cc3

0.545 Va = 0545V
Xe3 = ( )

0.727 Vb = 0727V
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VR7c3 = Va~Vp

VR7C3 = —0182V

V1oTc = VR7* VR7c2 * VR7c3

VTOTC = —1.078V

Dependent sources

d)

AN

1) Determine the voltage V5 when V4=4V

Need to find voltage Vx then multiply by dependent source multiplier (4)

4-2-1=1

Node analysis

ok ok 2k k) ok \ 2003

203

Fall 2014
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4

_ 2[o®
VT TN ]

|\ 2003 2003 |

Vx4 =4
V54V = —4[4V
V54V = -16V

2) Determine V5 when V4 = 1V

(g
Vi L\2|2103)B 2063 | Dzljlo3

Fall 2014
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3) Determine the voltage V5 when V4 = 2V

VX—2 VX—0+VX—4WX

=0
Rl R2 2k

Ve , Vy Vy eV
—_— -t — +— —-—— =

=2 \g- ] 'R

Vyo: E;
X2 L\2E103) 2|3lo3J 2[o3

VX2 = -2
Vioy = Vyold
Voy = —8
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