4-22 CHAPTER 4. Techniques of Circuit Analysis

[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.

[¢] 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.
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[a] At node 1: —ig+i1+ip=0
At node 2: —tg+i3+ts=0
At node 3: 'L'g~'l:1—7:3—*'&.4=0

[b] There are many possible solutions. For example, solve the equation at
node 1 for ig4:

g =11 + 12
Substitute this expression for 7, into the equation at node 3:
(i1 +14p) —tp —i3— 4 =10 S0 19 —ig —i4 =0
Multiply this last equation by -1 to get the equation at node 2:
—(ig — i3 — 14) = —0 S0 —dg4i3+i4=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, = 10 V, therefore
P3A = 3’()0 =30 W
“. psa (developed) = —-30 W
[b] The current into the negative terminal of the 60 V source is
P 60 — 10
7710
peov = —60(5) = —300 W

=5A

.. peov (developed) = 300 W
[c] pioa = (5)2(10) = 250 W

psa = (10)2/5 =20 W

Y Paev = 300 W

S Pais = 250 4 20 + 30 = 300 W

v9— 60 v,
— = 0; , =10V
0 +5—|—3 0; w 0

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

vy = v, — (10)(3) = —20 V

P 4.8 [a]

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

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

iy = (10 — 60)/10 = —5 A
peoy (developed) = (5)(60) = 300 W
(d] S = (6)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

P49 244 L ;0"

125 5 Y

Uy — V1 ()] Vo
-32=0
25 + 250 + 375 3

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

_ (25 _
P12 = 5= = 5W

_ or\2
p259=@9—~2~5§2~=169W

_ (90 _
P25 = 5pp = 324W

(90)?
= =21.6 W
Psts0 = “3e 6

poan = (25)(2.4) =60 W
S Pabe = 5 + 169 + 32,4+ 21.6 + 60 = 288 W

S Paev = (90)(3.2) = 288 W (CHECKS)

P 4.10 [a]

' AR, —
802 180 100
+ +

1z8v C) v 480 v, 200

(lj)’mv

V1 — 128 v UL — V2
8 + 48 + 18

Vg — U1 _’I_]z Vg — 70
18 20 10
In standard form,

v<l+i+}_)+v (_}_) _ 128
1\g 48" 18 2\"18) ~ 8

U<_i)+v (}.+i+i) _ 10
AT 2\18 "20 " 10/ ~ 10

Solving, v1 =96 V; v, =60V

z,a:1288—96:4A

.
9660

ig 13 =2 A




Problems 4-45

Therefore, the dependent source is developing 1484 W.
CHECK:

prasy = 125is = 150 W (left source)

prosy = —125i3 = —250 W (right source)

S Piev = 1484 + 250 = 1734 W

pasa = (1.2)%(35) = 50.4 W

pasa = (2)%(85) = 340 W

pisa = (7 — 1.2)%(15) = 504.6 W

pasa = (7 —2)%(25) = 625 W

proon = (1.2 — 2)%(100) = 64 W

3 Pies = 50.4 + 340 + 504.6 + 625 + 64 + 150 = 1734 W

P 4.40 [a]

A AR,

2Q 120
+

1nv@/—\ii vE o L <

ia

5
Ia
w® © O\ 2.,
Ia

\'+/»==.

10 = 18¢; — 1622
0 = —16¢; + 28ip + 4in
4 = 8ia
Solving, i3 = 1 A; 79 = 0.5 A; in=05b A
vo = 16(3; — iz) = 16(0.5) =8 V
[b] pui, = dinia = (4)(0.5)(0.5) = 1 W (abs)
. Daip (deliver) = —-1W



Problems 4-55

P 4.52 [a] Both the mesh-current method and the node-voltage method require three
equations. The mesh-current method is a bit more intuitive due to the
presence of the voltage sources. We choose the mesh-current method,
although technically it is a toss-up.

[b]
254.6250
br—————AAA,
0.180
110 = 18.3iy — 0.2t — 1843
110 = —0.24; + 110.879 — 110.543
0 = —18i; — 110.5¢5 + 183.12543
Solving, i, = 10 A; i =5 A; is=4A
T = 18(’1,1 — 23) =108V
vy = 110.5(6y —i3) = 1105V
vy = b4.625i3 = 2185V
[C] Pr1 = (21 - 23)2(18) = 648 W
pre = (ip—i3)2(110.5) = 110.5 W

prs = 3(54.625) =874 W
[d] Y Paev = 110(61 + in) = 1650 W
S Pload = 1632.5 W

1632.5
1650

% delivered = x 100 = 98.94%
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[e] W
0.10 4
110v() v, 2180
/-\/ /x/ £54.6250
v+ i,
110v0) V#¥ 110.50
A
0.10

220 = 128.72; — 128.5%9

0 = —128.5¢1 + 183.1251%,

Solving, i; = 5.71 A; 19 =4.01 A
i1—ip = 1TA
v = (1.7)(18) =306 V

Vo = (L7)(110.5) = 187.85 V

Note v; is low and v, is high. Therefore, loads designed for 110 V would
not function properly, and could be damaged.

P 4.53 W
0.10)
110v(2) rl\/ R 3180
a 1
A £54.6250
0.20 /xl/ ]
c
110v(
GGV, SR

AN
0.10

110 = (R + 0.3)i, — 0.2i, — Ri,

110 = —0.2i, + (R + 0.3)i, — Ri
(R4 0.3)i, — 0.2, — Ric = —0.2i, + (R + 0.3)é, — Ri.
(R + 0.3)i, — 0.2y, = —0.2i, + (R + 0.3)iy
(R+0.5)i, = (R+ 0.5)i,

ThU.S, ’ia = 7 S0 1o = ’l:b - ia =0
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which simplifies to

45 —-135
) = —\— 4 = - ; 'O —
v 80( 240) 135V i IT

[b] Return to the original circuit with v, = —135 V and 4, = —3 A:

=-3A

L
f: 340V ,
800} —>l°
e g AN, ——
+ 80 . —>i, 50 4
sa®vy;  MF20) v, 2450
} 100 R
".'Pﬁ\h(
340
iy = 0 (=3)=725 A

Doy = —(340)(7.25) = —2465 W

Therefore, the 340 V source is developing 2465 W.
[¢] v = 340 + 604, = 340 — 180 = 160 V

vy = vy + 5(8) = 160 + 40 = 200 V
psa = —(5)(200) = —1000 W

Therefore the 5 A source is developing 1000 W.
[d] S Paev = 2465 -+ 1000 = 3465 W

S Paiss = (5)3(8) + (8)2(20) + (4.25)*(80) + (3)*(60) = 3465 W

Zpdiss = Zpdev

P 4.62 [a] Applying a source transformation to each current source yields

- A ﬂ Y
AN — Wi WA, ! "
50) 40) 10 107 —>i,

20V(2) 20




Problems 4-65

Now combine the 20 V and 10 V sources into a single voltage source and
the 5 0. 4 Q and 1 Q resistors into a single resistor to get

100

4002
10V(®) 50
10,

|

Now use a source transformation on each voltage source, thus

14 @

100 (Do2543400 220

which can be reduced to

£80 20

1254 (D

A

. (125)(8) _
1o — T =1A

a® 503

-/

= 4002

220
10V

506, — 404, =20 —-10—-10=10

—40i, + 42, = 10

Solving, 4, = % =1A=1,

P 463 v — g%(zm) — 48V

(40)(10)

Rty =8+ 50

=16}



60}
3AGE 3
@ 2400 D92 ZFgq 3
60}
2A<9 240} Ro
i
3000 4
48w (7
v W SR
R, i | Uo || Ro 10 Vo
0 1.6 0 20| 0.96 | 19.2
2 1.5 3| 30 0.8 24
6] 1.33| 8| 50 0.6 30
10 1.2 112 | 60 | 0.533 32
151 1.067 |16} 70| 0.48 | 33.6
P471
aso(?
EiYh\'V
j]
540A) 3
10002 5x10 ?12 40

OPEN CIRCUIT

Problems

<\l/> V2 T 40k0

»a

vy = —40%, 40 x 10° = —16 x 10%3

5 x 107 %vy = —80is

9807, + 5 % 10™°vy = 9804, — 807, = 9003,

b

4-71
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So 900i; is the voltage across the 100 €2 resistor.

From KCL at the top left node, 540 A = 9;)(;) Sb + 1 = 107
. 540 x 107
1y = -——-1—(—)—_ = bh4 /,LA

vrp = —16 x 10%(54 x 107%) = —86.40 V
SHORT CIRCUIT
vg = 0; tee = —40%

. 54x 107 54

_ —6 _
="Tog0 108 <10 =50nA

isc = —40(50) = —2000 pA = —2 mA

Ry, = i‘;ﬁ x 103 = 43.2 kQ

P 472

40k}

The node voltage equations are:



Problems 4-101

P 4.95 Voltage source acting alone:

400
.__%BA ’.\”.'In?
3 200
‘:@% g Apfy
2R + +
1suv(:)i01 6002 v ,280Q 60V Z25Q
‘ v
180 180
"1 =90 * 20+ 100]25
- 80
0:32(—%:%V
Current source acting alone:
400
LA A i‘!é——
e 1 T2 p P i
iﬁ;— +
. 60Q% v, 800 > 250
/lioz “ T
3 _
Uy Vg — Vs
— + 7.5 = ()
g0t T3
v vg — U v
V3 4 3 2 " Y _ o

25 20 40
Solving, ve = —184 V = v,9; v3 = —80V

o = 2 = —
7,40—40 2 A
7.5(60)
= =5A
30 90 5

’i02=—i30~'i40=“‘5+2=—3A
Vo == Up1 + Vo = 48 — 184 = —~136 V

fo =1%01 + 2 =b0—3=2A
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