Assignment 1
Due Sunday, November 9, 2008
Chapter 4 (Textbook 8™ Edition)

Problems 1,6,8,11,18,31,32,38
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CHAPTER 4. Techniques of Circuit Analysis

Problems

P 4.1 [a] There are six circuit components, five resistors and the current source.

Since the current is known only in the current source, it is unknown in
the five resistors. Therefore there are five unknown currents.

[b] There are four essential nodes in this circuit, identified by the dark black

dots in Fig. P4.4. At three of these nodes you can write KCL equations
that will be independent of one another. A KCL equation at the fourth
node would be dependent on the first three. Therefore there are three
independent KCL equations.

Sum the currents at any three of the four essential nodes a, b, ¢, and d.
Using nodes a, b, and ¢ we get

—ig+i1+i2=0
—21+Z4+23=0

’1:5—?:2‘*2‘3"‘—‘0

[d] There are three meshes in this circuit: one on the left with the

components iy, B, and Ry; one on the top right with components Rj,
R,, and Rs; and one on the bottom right with components R3, R4, and
Rs. We cannot write a KVL equation for the left mesh because we don’t
know the voltage drop across the current source. Therefore, we can write
KVL equations for the two meshes on the right, giving a total of two
independent KVL equations.

[e] Sum the voltages around two independent closed paths, avoiding a path

that contains the independent current source since the voltage across the
current source is not known. Using the upper and lower meshes formed
by the five resistors gives

Rlil -+ R3’I:3 e Rz'iz == 0

R3i3 -+ R5'I:5 - R4’£4 =0
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[d] When a conductor joins the lower nodes of the two separate parts, there is
now only a single part in the circuit. There would now be 4 nodes,
because the two lower nodes are now joined as a single node. The
number of branches remains at 7, where each branch contains one of the
seven individual circuit components.

P 4.4 [a] From Problem 4.2(d) there are 10 essential branches were the current is
unknown, so we need 10 simultaneous equations to describe the circuit.

[b] From Problem 4.2(f), there are 5 essential nodes, so we can apply KCL at
(5 — 1) = 4 of these essential nodes. There would also be two dependent
source constraint equations.

[c] The remaining 4 equations needed to describe the circuit will be derived
from KVL equations.

[d] We must avoid using the meshes containing current sources, as we have no
way of determining the voltage drop across a current source.

R
P45 12 .
—>1a
ig® Ry Ry | 2R3
Li, lsl% il
: »
[a] At node 1: —ig+i1+ip =0
At node 2: —t9+i3+is=0
At node 3: 7;9-—"L.1——’L‘3-—2‘4$0

[b] There are many possible solutions. For example, solve the equation at
node 1 for 74:

ig =11 + 12
Substitute this expression for i, into the equation at node 3:
(11 +1d2) —41 —ig— 14 =0 S0 19 —i3— 14 =10
Multiply this last equation by -1 to get the equation at node 2:
—(ig — i3 — i4) = —0 80 —ig+izg+i=0

P 4.6 Use the lower terminal of the 5 €2 resistor as the reference node.

v, — 60 v, _
10 +—g+3—0

Solving, v, =10V




Problems

P 4.7 [a] From the solution to Problem 4.5 we know v, =10V, therefore
p3a = 3v, =30 W
*. psa (developed) = —-30 W
[b] The current into the negative terminal of the 60 V source is

. 60—10
EAREST

Peoy = —60(5) = —300 W

=5A

. peov (developed) = 300 W
[c] pioe = (5)%(10) = 250 W
pso = (10)2/5 =20 W
S Paev = 300 W
S Pais = 250 ++ 20 + 30 = 300 W

vg— 60 v,
— = (); o =10V
10 + 5 +3 V) 10

[b] Let v, = voltage drop across 3 A source

vy = vy — (10)(3) = =20 V

P 4.8 [a]

p3a (developed) = (3)(20) = 60 W

[c] Let 4, = be the current into the positive terminal of the 60 V source

iy = (10 —60)/10 = —5 A
peov (developed) = (5)(60) =300 W
[d] S pais = (5)2(10) + (3)2(10) + (10)*/5 = 360 W

3 Pais = 300 + 60 = 360 W
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[e] v, is independent of any finite resistance connected in series with the 3 A

current, source

U1 — V2

U1
P49 24+ o+ =z =0
V2t Y2 L %2 g9

Solving, v; = 25 V; v =90V



Problems 4-25

’Ld = ‘62—3 =3 A
60 — 70
le= 75 = —-1A
[b] pgev = 128(4) + 70(1) = 582 W
P 4.11 [a] >t vy
10
125v(%) \I/ 60 \L
i, i i,
<, <
| 0 V2 $240
125v(_)i \L 190
3 i
é—_— AM 5
10 v,
Uy — 125 V1 — U3 v — U3
= 0
1 6 + 24
Vg — V1 3)2 Vo — U3 - 0
6 2 12 -
v3+125 w3—ve vz— U
Tt 1 T =

In stalnda,rd form:

1 1
1+ +——>+’U2( 6)4-’03( ﬂ) = 125
(-5)+u(Grs+m)+nl-m) =0

“1\7) T2 \6 2) T\ 12 =
1 1 11

”1( 24)+ 2( 12)+”3(1 E+§i) = 12

Solving, v; = 101.24 V; vy =10.66 V; w3 = -106.57 V

125 — —

Thus, i = 2" — 2376 A iy= 2 6U2=15A
. v . Vo — U
22=?2=5.33A 15 = 2123=9.77A

2 —
= IB jea3a z'6=“124”3=8.66A

b] ZPdev = 1254, + 125i3 = 5273.09 W

> Pus = i3(1) +45(2) + i3(1) + 45(6) + 15(12) + ig(24) = 5273.09 W
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P 4.12

g'lﬁvﬁv ' AN
40 80

1441;(;5

W00 o®* 350

U1~144+2_1_ U1 — Uy

4, o 80 B

34 2801+—§-:0 so  —vy + 17vy = 240
Solving, v; = 100 V; v =20V

0 so  29v; —ve = 2880

P 4.13 N
N 20
22, 24q (s5v
¥ 30
v Vo — BH
24+ = ° =
-+ 1 + 5 0
v, =20V

poa = (20)(2) = 40 W (absorbing)

P 4.14 [a] " "
30 250 + +
64“VC-)ig w3500 v, 50 vg)lz -8
20 ¥ 250
(] v — 640 V1 — V2
e s S —_ = 4
0 z 55 0 so  31lv; — 20v9 + Ovz = 6400
Uy — U V9 — U
22.5 ! 2 5 3 1128=0 so —2v; + 3ug — vz = —64
v vg — U
5% —3-—5~Z—12.8=O so Ouy — vy + 3vg =64
Solving,v; =380 V; we=269V; w3=111V,
640 — 380
] i, = 20 =380 _ 5o a

5

p,(del) = (640)(52) = 33,280 W
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P 4.16 [a] ”“}_%”1+"’°;’2+”";€q’3+...+”0;”n=0

Ve =vV1+ Vs +v3-+---+v,

1 1ln
Vo = H[vl +vatvgt -t U] = ;{Zkzlvk
1
[b] v, = 5(150 + 200 — 50) = 100 V
Vg  Up+dipn v, — 80 . Vo — 80
P 417 -3 —0: —
t0 T 10 T2 0 MTTg
[a] Solving, v, =50V
. Vo + 974
bl i4s =
[b] ia 10

in = (50 — 80)/20 = —1.5 A
igs =425 A; Bia=—T5V: pgs= (—bia)(ias) = 31.875 W
[c] psa = —3v, = —3(50) = —150 W (del) |
psov = 80ia = 80(—1.5) = =120 W (del)
S Paa = 150 +120 = 270 W

CHECK:
Paoga = 2500/200 = 12.5 W

paoa = (80 — 50)%/20 = 900/20 = 45 W
pioa = (4.25)%(10) = 180.625 W
> Paiss = 31.875 + 180.625 + 12.5 + 45 = 270 W

P 4.18 [a] —>i_
' W A A
2500 5010 200)

+ +
2io</]\> V131000 Yz 32000

2
B 5io<:> 3

Vg — U3

50

lo =



Problems 4-29

. v v — v
——2@o+ﬂ—}6+ 1252=0 so  5u; —8vp + 4wz =0
Vg — VU1 (2)) Vg — Vs

o + 500 + 5 so —8vu;+ 13vy —4vz =10
03—1)2+v3—5io+vg—-38.5 _

50 3 20

0 so Ovy — 4vg + 29v3 = 192.5

Solving, v1 = =50 V; vy =-30V; w3=25V
Vg — U3 -30—2.5

[b] i = 55 =065 A
—Bi,  2.5—5(—0.
i3zv3 5o _ 5 —5( 065):1.15A
5 )
, 38.5—-2.5
ig = 0 =18A
Zpdis = Zpdev

Calculate Zpdev because we don’t know if the dependent sources are
developing or absorbing power. Likewise for the independent source.

Poi, = —2iovy = —2(—0.65)(—50) = —65 W(dev)
Psi, = Bigis = 5(—0.65)(1.15) = —3.7375 W(dev)
py = —38.5(1.8) = —69.30 W(dev)

Y Paey = 69.3 + 65 + 3.7375 = 138.0375 W

CHECK 9500 900 400
- 2 2 2
S Pais =5 T 300+ 95 T (065)(50) + (1.15)25 + (1.8)%(20)
— 138.0375 W

S Y Pdev = Y _pais = 138.0375 W
P 4.19

151
o

vo—80+&+vo+75i,,__. ) Vo
5 50 2% e =

Solving, v, = 50 V; ic=1A
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i i
P 4.31 [a] — ZQ c%_zg
wd T N £ 450 TN, Osav
il i2
AN i'h AfN,
20 1.50

40 = 5021 — 4522

64 = —45¢;, + 50.549

Solving, i; = 9.8 A; i, =10A

fo=11=98A; dp=14; —dg=—02A; i.=—ip=-10A"
[b] If the polarity of the 64 V source is reversed, we have

40 = 5021 — 45¢9

—64 = —45¢; + 50.519

i1=—172A and iy=-28A

=141 =—1T2A; ip=143—12=108A; i, =—ig=28A

P 4.32 [a]
—~&
AMA - i'? ARN
106 120
30
110v(2) /\/ /\, Orov
11 12V 13

110 4+ 12 = 174y — 1060 — 3is

0 = —10¢y + 281y — 1243

—12 =70 = —3i; — 12iy + 1723

Solving, i1 =8 A; ia=2A; i3=-2A
P10 = —110i; = —880 W(del)

12 = —12(4 — i3) = —120 W(del)

pro = 703 = —140 W(del)

S0 Ddey = 1140 W



Problems

[b] psa = (8)°(4) = 256 W
pioa = (6)%(10) = 360 W
P12 = (—4)2(12) =192 W
pao = (-2)*(2) =8 W
Peq = (2)2(6) =24 W
paq = (10)*(3) = 300 W

SoY Pabs = 1140 W
P 4.33 [a]
A ' Ay -
80 1802 100
128v (D) :2 480 —l:ll 200) D Cyrov
v

The three mesh current equations are:

—128 + 8iy +48(%a — i) = 0

183, + 20(ic — i) + 48(ic —%a) = 0

70 + 20(% — ic) + 106, = 0

Place these equations in standard form:
1a(8 + 48) + io(—48) + i (0) = 1928
ba(—48) +1c(18 + 20 + 48) +4.(—20) = O
ia(0) + ic(—20) + 4(20 + 10) = -T70

Solving, i, =4 A; ic =2 A, lo=—1A
Now calculate the remaining branch currents:

by = dp—ide=2A
g = dc—ie=3A

[b] Psources = P128V +p70V = _’(128)7:&» + (70)/59
= —(128)(4) + (70)(—1) = =512 — 70 = —582 W
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Thus, the power developed in the circuit is 582 W. Note that the resistors

cannot develop power!



Problems 4-43

P 4.37 =1 e
160) 1 40 ig=1,
J‘M t "\"'Vh'l

w0 TN Ly Y O

AAN
Wi

80 ' 200)

—80 + 314y — 1672 — 7i3 =0
—1641 + 27i9 — 4i3 =0

—Ti1 — 449 + 3lig + 24is =0
Solving, 41 = 3.5 A

pga = (3.5)%(8) =98 W

P 4.38

660 = 30¢; — 1029 — 1523

20i, = —10i1 + 607y — 5043

0 = —152; — 50i5 + 9023

Qg =iy — i3

Solving, i, = 42 A; 19 = 27 A, 13 =22 A; ipg=05A

20i, = 100 V
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Pooi, = —100ip = —100(27) = —2700 W
" Daoi, (developed) = 2700 W
CHECK:

pesov = —660(42) = —27,720 W (dev)

S Pi = 27,720+ 2700 = 30,420 W
YoPu = (42)%(5) + (22)%(25) + (20)*(15) + (5)*(50)+

(15)*(10)
= 30,420 W
P 4.39
/4\“2\.65‘]&
/—\\//
il
. . ",
150 250
IZSVC”D/—\i/ v 100@ @AY
2 3
JM ARN
350 8502

Mesh equations:

2.65va + 40i1 — 1549 — 25i3 =0

—15%; + 150¢5 — 10043 = —125

—25i3 — 100¢9 + 21025 = 125

Constraint equations:

va = 100(ig — i3)

Solving, iy = 7 A; ip = 1.2 A; i3=2A
va = 100(ig — i3) = 100(1.2 —2) = -80 V

Dossv,y = 2.650a7; = —1484 W
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