4

Techniques of Circuit Analysis

Assessment Problems

AP 4.1 [a] Redraw the circuit, labeling the reference node and the two node voltages:
i 8G Yg

ity

— ‘

158() £F00 2150 220 % 54,

A 4

The two node voltage equations are

U1 U1 V1 — V2
—154 =4 = = 0
- 60 - 15 - 5
V2 V2 — U1
5+ —= 0
+o
Place these equations in standard form:
1 1 1 1
— 4+ —4 - —— = 15
U1(6O+15+5) " Uz( 5)

1 1 1
o (=3) EICE
Solving, v1 = 60 V and vy = 10 V;
Therefore, i; = (v1 —v2)/5 =10 A
[b] pisa = —(15A)v; = —(15A)(60V) = =900 W = 900 W (delivered)
[c] psa = (BA)v2 = (5A)(10V) =50 W= —50 W(delivered)
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4-2 CHAPTER 4. Techniques of Circuit Analysis

AP 4.2 Redraw the circuit, choosing the node voltages and reference node as shown:
ioB0 L 20 vy 40
iy iy A,

+

4 5A(F) 10 v 2120 jﬂwv

v

The two node voltage equations are:

U1 V1 — V2
—4.5+ — = 0
+1+ 6+ 2
V2 V2 — U1 ’112—30
il = 0
12 6+ 2 4

Place these equations in standard form:

1 1
u(teg) + u(-g) -
1 1 1 1
U1 (—§> + v (E+§+Z> = 7.5
Solving, v1 =6 V vy = 18V
To find the voltage v, first find the current ¢ through the series-connected 6 €2
and 2 () resistors:

,_’U1-’U2_6—18

_ _ — _15A
T 612 8

Using a KVL equation, calculate v:
v=204+vy=2(—15)+18 =15V

AP 4.3 [a] Redraw the circuit, choosing the node voltages and reference node as
shown:

3,

é

o)
)
=

s
N

£ Ui
i Z

The node voltage equations are:
v — 50 V1 V1 — U2

- ~3i, = 0
G —|—8—|— 5 11

v Vg — U .
ST 3 = 0
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Problems 4-3

The dependent source requires the following constraint equation:

. 50 — U1
1 =
' 6
Place these equations in standard form:
(1+1+1> N (1) boi(e3) = 50
678" 2 2\ 73 " G
1 1 1 .
U1 (—§> + Uy (Z + 5) + 21(3) =
1 50
U1 (6) + 'UQ(O) + il(l) = g

Solving, v, = 32 'V, vy = 16 V; i1 =3A
Using these values to calculate the power associated with each source:

psov = —H0i; = —150 W
psa = —H(vg) = —80W
p3i, = 3i1(ve —vy) = —144 W

[b] All three sources are delivering power to the circuit because the power
computed in (a) for each of the sources is negative.

AP 4.4 Redraw the circuit and label the reference node and the node at which the
node voltage equation will be written:

00
i
100 v 200
Ay Ay
10V Ti.r_\. $400 $20i,
v

The node voltage equation is

Vo Uo— 10 = v, + 200a
o =0
40 * 10 * 20

The constraint equation required by the dependent source is

10 —v, 10 4 20ia
_I_

A = 100 + 1300 =

10 30
Place these equations in standard form:
1 1 1
ol =+-—=+ == A(L = 1
! (40+10+20> T iall)
(1) fa(1-D) D
“\10 “\"Ts) T 30

Solving, in=-32A and v,=24V
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4-4 CHAPTER 4. Techniques of Circuit Analysis

AP 4.5 Redraw the circuit identifying the three node voltages and the reference node:

vy 250 e v
S A 21«53‘

asa® [ F750 100 2250 j@uv

Iy

v

Note that the dependent voltage source and the node voltages v and vy form a
supernode. The v, node voltage equation is

U1 V1 — U
7.5 + 2.5

—48=0

The supernode equation is

v—v1+i+2+v2—12_
2.5 10 2.5 1

0

The constraint equation due to the dependent source is

The constraint equation due to the supernode is
U+ ly = Vo

Place this set of equations in standard form:

" (%+%) + %—%) + ws(0) L o0) = 48
Ul(—%> + ’U(%—l—%) + Ug(%—l-l) + Zm(O) = 12
o (—71—5> + w(0) + 0s(0) b)) = 0
0 (0) + ool + (=) b (1) = 0

Solving this set of equations gives v;1 = 15 V, vo =10 V, 7, =2 A, and
v=8V.
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Problems 4-5

AP 4.6 Redraw the circuit identifying the reference node and the two unknown node
voltages. Note that the right-most node voltage is the sum of the 60 V source
and the dependent source voltage.

Big
)
v 30
AN B0+61;
qu,F
B0y () 2240 230
v

The node voltage equation at vy is

V1 — 60 U1 V1 — (60 + 6’&¢)

9 24 3 =0

The constraint equation due to the dependent source is

. 60+6'é¢—’Ul
STy

Place these two equations in standard form:

1 1 1
4= o (—2 — 30420
v1(2—|—24+3> +  ig(—2) +
1
o (§> boig(1-2) = 20

Solving, i3 =—-4A and wv; =48V

AP 4.7 [a] Redraw the circuit identifying the three mesh currents:
306
Wy

5Qri2> a0
ity iy
i §26® 280

The mesh current equations are:

80Y ()

—80 + 5(iy —ig) + 26(iy —i3) = 0
30iy 4 90(iy — i3) + 5(ia — 1) = 0
8i3 + 26(i3 —i1) +90(i3 —ig) = 0

Place these equations in standard form:
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4-6 CHAPTER 4. Techniques of Circuit Analysis

314y — 5ig — 26i3 = 80
—biy + 125ip — 90i3 = 0
—260; — 901y + 12433 = 0
Solving,

’é1:5A; ’é2:2A; 23:25A
psov = —(80)i; = —(80)(5) = —400 W

Therefore the 80 V source is delivering 400 W to the circuit.
[b] psa = (8)i2 = 8(2.5)? = 50 W, so the 8 resistor dissipates 50 W.

AP 48 [a] b=8, n=6, b-n+1=3
[b] Redraw the circuit identifying the three mesh currents:
-3V¢ 1%&—3

25V () r>§10/f> 210

The three mesh-current equations are

—25+2(iy —i2) +5(i1 —i3) +10 = 0
—(—3vy) + 14is + 3(ix —i3) + 2(ia —41) = 0
Liz — 10 4 5(i3 — i1) + 3(iz3 —42) = 0
The dependent source constraint equation is
vy = 3(iz — i2)
Place these four equations in standard form:
Tip — 219 — 53+ 0vg = 15
—2i1 + 1913 — 3is +3v, = 0
=911 — 3ig + i3 +0vy = 10
Oy + 319 — 3ig +1vg = 0
Solving

Pas = —(—304)ia = 3(12)(—1) = —36 W

Thus, the dependent source is delivering 36 W, or absorbing —36 W.

STUDENTS-HUB.com Uploaded By: Jibreel Bornat



Problems 4-7

AP 4.9 Redraw the circuit identifying the three mesh currents:
202

/DSQ
Ay

Ay

6O
|¢,T N
25 () i, \_ﬁésg i D5,

The mesh current equations are:

—25+ 6(iy — ip) + 8(in —ic) = 0
i, + 8(ip — ic) + 6(ip — i) = 0
Sig + 8(ic — ia) + 8(ic —ip) = 0

The dependent source constraint equation is iy = 7,. We can substitute this
simple expression for ¢4 into the third mesh equation and place the equations
in standard form:

144, — 6ip, — 8i. = 25
—6i, + 160, —8ic. = 0
—3iy — 8ip + 16i. = 0

Solving,

1a = 4 A; i, = 2.5A; o =2A
Thus,
Vo= 8(1a —ic) =8(4—2) =16V

AP 4.10 Redraw the circuit identifying the mesh currents:

30 80
A, A,
30v() i 220 /D = 5@ %}15@.
1
602 403 ‘
A, A,

Since there is a current source on the perimeter of the ¢3 mesh, we know that

13 = —16 A. The remaining two mesh equations are
=30+ 3i3 +2(iy —i2) +6i4 = 0
iy + 5(ig + 16) + dis + 2(ig — 1) = 0
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4-8 CHAPTER 4. Techniques of Circuit Analysis

Place these equations in standard form:

114y — 21 = 30
—211 419, = =80
Solving: ’él = 2A, ’éz = —4A, ’ég =—16A
The current in the 2Q resistor is iy —is =6A .. pog = (6)%(2) = 72W

Thus, the 2 resistors dissipates 72 W.

AP 4.11 Redraw the circuit and identify the mesh currents:
10A

2 12

+
75v() /v vqﬁSQ/v > P

There are current sources on the perimeters of both the 7, mesh and the i,
mesh, so we know that

2
iy = —10A; G, = 22

The remaining mesh current equation is

—T75 4 2(ia + 10) + 5(ia — 0.4vy) = 0

The dependent source requires the following constraint equation:
Uy = B(la — ic) = D(ia — 0.404)

Place the mesh current equation and the dependent source equation is
standard form:

Tia —2v4 = 55

Dip —3vy = 0

Solving: i, = 15 A; i, = —10A; ic = 10 A; vy =25V
Thus, i, = 15 A.
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Problems 4-9

AP 4.12 Redraw the circuit and identify the mesh currents:

A
0

Y

2R 1y,

= "
20
10V /_\,/g /_\/ eV
i, 720 h
i

il
10

The 2 A current source is shared by the meshes i, and 7,,. Thus we combine
these meshes to form a supermesh and write the following equation:

—10 4 24y, + 2(dp, — ic) + 2(1a — i) =0
The other mesh current equation is
—6 + lic + 2(ic — ta) + 2(ic —ip) =0
The supermesh constraint equation is
g — ip = 2

Place these three equations in standard form:

20 + 4ip —4ic. = 10
la — 1+ 0t = 2

Solving, i, =TA,; i, = HA; ic=6A
Thus,  pio=d2(1) = (6)2(1) = 36 W

AP 4.13 Redraw the circuit and identify the reference node and the node voltage v;:
FNAT

20V (JBQA {25y

-

The node voltage equation is

V1 — 20 V1 — 25
-2 =
15 + 10

0
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4-10 CHAPTER 4. Techniques of Circuit Analysis

Rearranging and solving,

1 1 20 25
— 4 — =24+ ==+ — =
U1 (15+10> +15+10 vy =35V

poa = —35(2) = —7T0W

Thus the 2 A current source delivers 70 W.

AP 4.14 Redraw the circuit and identify the mesh currents:

+
v‘li‘.

4z

40 /Dm
iy iy
1
.4
128v() /_> §EQ/_> +
i, i, 301,
Py
20

A
502

There is a current source on the perimeter of the i3 mesh, so i3 =4 A. The
other two mesh current equations are

—128 +4(iy —4) +6(iy —i2) +2iy, = 0
300, + big 4+ 6(ia —i1) + 3(ia—4) = 0
The constraint equation due to the dependent source is
lp =11 —i3 =1 — 4

Substitute the constraint equation into the second mesh equation and place
the resulting two mesh equations in standard form:

12y — 6ip, = 144
2411 + 141, = 132
Solving,

’é1:9A; ’é2:—6A; ’é3:4A; Zm:9—4:5A
VgA = 3(’&3 — 22) — 4Zm =10V
paa = —v4a(4) = —(10)(4) = —40W

Thus, the 2 A current source delivers 40 W.
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Problems 4-11

AP 4.15 [a] Redraw the circuit with a helpful voltage and current labeled:

y
1602

2200 (e0v
. + +

Tla 36A(] 6Q§va Blzv

120V 250

Transform the 120 V source in series with the 20 €2 resistor into a 6 A
source in parallel with the 20 resistor. Also transform the —60 V source
in series with the 5 resistor into a —12 A source in parallel with the 52
resistor. The result is the following circuit:

1601

+ +
Ba(t) 20002 12a(l) 50F  36a(1 6REv_ 8= w

Combine the three current sources into a single current source, using
KCL, and combine the 202, 52, and 62 resistors in parallel. The
resulting circuit is shown on the left. To simplify the circuit further,
transform the resulting 30 A source in parallel with the 2.4 ) resistor into
a 72 V source in series with the 2.4 ) resistor. Combine the 2.4 () resistor
in series with the 1.6 €2 resisor to get a very simple circuit that still
maintains the voltage v. The resulting circuit is on the right.

1600 400
Ay, W
— =i
L + + +
30A0F v 2240 8Q§v T2V’ Sng

Use voltage division in the circuit on the right to calculate v as follows:

8
= —(72) =48
v 12( ) Vv
[b] Calculate i in the circuit on the right using Ohm’s law:
v 48
"TR’T8

Now use ¢ to calculate v, in the circuit on the left:
v, =6(1.6 +8) =576V

Returning back to the original circuit, note that the voltage v, is also the
voltage drop across the series combination of the 120 V source and 20 (2
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CHAPTER 4. Techniques of Circuit Analysis

resistor. Use this fact to calculate the current in the 120 V source, i,:
- 120—wv, 120576

. _ —3.12A
! 20 20 3

p12ov = —(120)i, = —(120)(3.12) = —374.40 W

Thus, the 120 V source delivers 374.4 W.

AP 4.16 To find Ry, replace the 72 V source with a short circuit:

STUDENTS-HUB.com

120
i

2200 <R,

Note that the 5€2 and 20 resistors are in parallel, with an equivalent

resistance of 5[|20 = 4. The equivalent 4 (2 resistance is in series with the 82

resistor for an equivalent resistance of 4 +8 = 122, Finally, the 122
equivalent resistance is in parallel with the 12 € resistor, so
Ry, = 12|12 = 6 9.

Use node voltage analysis to find vr,. Begin by redrawing the circuit and
labeling the node voltages:

32
50 Ki %? T
72v () 2200
v

The node voltage equations are
vy —72 v U] — Uy

5 20 8 =0
VUTh — U1 UTh — 72 — 0
8 12
Place these equations in standard form:
111 1 T2
w(5tx+s) + om(s) -3
1 1 1
(1 <—§> +  UTnh (g + E) = 6

Solving, v;1 = 60 V and v, = 64.8 V. Therefore, the Thévenin equivalent
circuit is a 64.8 V source in series with a 6 () resistor.
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Problems 4-13

AP 4.17 We begin by performing a source transformation, turning the parallel
combination of the 15 A source and 82 resistor into a series combination of a
120 V source and an 8¢ resistor, as shown in the figure on the left. Next,
combine the 22, 82 and 102 resistors in series to give an equivalent 20 {2
resistance. Then transform the series combination of the 120 V source and the
20 Q) equivalent resistance into a parallel combination of a 6 A source and a
202 resistor, as shown in the figure on the right.
=1

o,

iy Ay
860 20

120V %120 oA( Fa00 %120

[ o

&

hids
106l

Finally, combine the 20€2 and 122 parallel resistors to give
Rx = 20[[12 = 7.5, Thus, the Norton equivalent circuit is the parallel
combination of a 6 A source and a 7.5¢) resistor.

AP 4.18 Find the Thévenin equivalent with respect to A, B using source
transformations. To begin, convert the series combination of the —36 V source
and 12 k€ resistor into a parallel combination of a —3 mA source and 12 k{2
resistor. The resulting circuit is shown below:

1%52

D3ma 12k D18mA 260kO

Now combine the two parallel current sources and the two parallel resistors to
give a —3 4+ 18 = 15 mA source in parallel with a 12 k||60 k= 10 k{2 resistor.
Then transform the 15 mA source in parallel with the 10 k{2 resistor into a
150 V source in series with a 10 k) resistor, and combine this 10 k{2 resistor
in series with the 15 k2 resistor. The Thévenin equivalent is thus a 150 V
source in series with a 25 k€ resistor, as seen to the left of the terminals A B
in the circuit below.

25Kk A

-

+

Onsov YaB 2100k0

B

Now attach the voltmeter, modeled as a 100 k{2 resistor, to the Thévenin
equivalent and use voltage division to calculate the meter reading vag:

100,000
125,000

VAB (150) = 120V
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4-14 CHAPTER 4. Techniques of Circuit Analysis

AP 4.19 Begin by calculating the open circuit voltage, which is also vy, from the

circuit below:

:Bi
-

Summing the currents away from the node labeled v, We have

_ 24
%+4+3z’m+Lh2 —0

Also, using Ohm’s law for the 8¢ resistor,

UTh
8

Iy =

Substituting the second equation into the first and solving for vy yields

VUTh = 8V.

Now calculate Rry,. To do this, we use the test source method. Replace the
voltage source with a short circuit, the current source with an open circuit,
and apply the test voltage v, as shown in the circuit below:

:le
iT
W
S A
SQT Y1

b
x

v
Write a KCL equation at the middle node:

iT =1z + 3iy + v1/2 = 4iy + vp/2

Use Ohm’s law to determine %, as a function of vr:

iz = vr/8

Substitute the second equation into the first equation:

'éT = 4(’UT/8) + 'UT/2 = U7
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Problems 4-15

Thus,
RTh = UT/’iT =10

The Thévenin equivalent is an 8 V source in series with a 12 resistor.

AP 4.20 Begin by calculating the open circuit voltage, which is also vy, using the
node voltage method in the circuit below:

1601,
Y i > YT
2000
601 (T)agp 8001E 400 J/la

¥

The node voltage equations are

v v — (vry + 160ia)
— -4 =0
60 + 20 ’
UTh  UTh . Urh + 160ipa — v
ZTh  7Th - 0
40 + 80 + 20
The dependent source constraint equation is
i Um
5740

Substitute the constraint equation into the node voltage equations and put the
two equations in standard form:

1 1 5!
(wrm) + onlox) =
1 1 1 5
v(—%> + UTh(@‘l‘%‘F%) = 0
Solving, v = 172.5 V and v, = 30 V.

Now use the test source method to calculate the test current and thus Rry,.
Replace the current source with a short circuit and apply the test source to
get the following circuit:
1601,
I
R

+ — *
200) é
60¢) 800 400 ~liﬁ s
v

Write a KCL equation at the rightmost node:

’U_T_I_ v vt + 1602

80 40 80

i =
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4-16 CHAPTER 4. Techniques of Circuit Analysis

The dependent source constraint equation is

. vt
in=—
5740

Substitute the constraint equation into the KCL equation and simplify the
right-hand side:

P
T 10
Therefore,

Ron = X =100
T

Thus, the Thévenin equivalent is a 30 V source in series with a 102 resistor.

AP 4.21 First find the Thévenin equivalent circuit. To find vy, create an open circuit
between nodes a and b and use the node voltage method with the circuit
below:

The node voltage equations are:
VUTh — (100 + ’U¢) i VUTh — U1
4 4
vy —100  v1 —20 v — v
4 4 4
The dependent source constraint equation is

= 0

vy = v1 — 20

Place these three equations in standard form:

(i+1) + w1 +ow(y) =
YT \y Ty U \7y Yo\71)

( 1) + (1+1+1) L) = 30
vt \ Ty 11y Y -
'UTh(O) + 'Ul(l) + 'U¢(—1) = 20

Solving, vy, = 120 V, v1 =80 V, and vg = 60 V.
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Problems 4-17

Now create a short circuit between nodes a and b and use the mesh current

method with the circuit below:
Y
41

o g
100\;&) q m %

lsc

The mesh current equations are

—100 + 4(iy —iz) +v5+20 = 0
—vg + dio + 4(ig — ise) + 4(ia —i1) = 0
—20 — vy +4(ise —i2) = O

The dependent source constraint equation is
'U¢ = 4(’i1 — 'éSC)

Place these four equations in standard form:

iy — 4iy + Oige + vy = 80

—diy + 120y — dige —vy = O
Oiy — dig + dige —vy = 20
iy + Oiy — dige —vy = O

Solving, i1 =45 A, i = 30 A, isc = 40 A, and vy = 20 V. Thus,

UTh 120
Ry = =— =30
e 40

[a] For maximum power transfer, R = Ry, = 32

[b] The Thévenin voltage, v, = 120 V, splits equally between the Thévenin
resistance and the load resistance, so

120

Vload = 7 =60V
Therefore,
’Ulzoad 602

max — = — =1200W
b Rload 3
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4-18 CHAPTER 4. Techniques of Circuit Analysis

AP 4.22 Sustituting the value R = 32 into the circuit and identifying three mesh
currents we have the circuit below:

The mesh current equations are:

—100 +4(i1 —i2) + v +20 = 0
—vg + diz + 4(is — i3) + 4(is — 1) = 0
—20 — Vg + 4('é3 - ’iz) + 3'é3 = 0

The dependent source constraint equation is
Vy = 4(’i1 — 'ig)

Place these four equations in standard form:

iy — 4iy + Oig + vy = 80
—diy + 120y —dig—vy = O
Oiy — diy + Tig— vy = 20
iy + Oig — dis —vy = 0

Solving, iy = 30 A, i =20 A, i3 =20 A, and vy =40 V.
[a] pioov = —(100)i; = —(100)(30) = —3000 W. Thus, the 100 V source is
delivering 3000 W.

[b] Pdepsource = —Ugiz = —(40)(20) = —800 W. Thus, the dependent source is
delivering 800 W.

[c] From Assessment Problem 4.21(b), the power delivered to the load resistor
is 1200 W, so the load power is (1200/3800)100 = 31.58% of the
combined power generated by the 100 V source and the dependent source.
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Problems 4-19

Problems
P41
5§
N
\\v//
¢ A AN Y
R, R,
+ Pa —
AAN AMY A9
Ry R, Rs

25 mA f R fa.¢ R, * 2V
1835 ’ —
Rg
‘e . o— W\

[a] 12 branches, 8 branches with resistors, 2 branches with independent
sources, 2 branches with dependent sources.

[b] The current is unknown in every branch except the one containing the 25
mA current source, so the current is unknown in 11 branches.

[c] 10 essential branches — Ry — Ry forms an essential branch as does Rg — 2
V. The remaining eight branches are essential branches that contain a
single element.

[d] The current is known only in the essential branch containing the current
source, and is unknown in the remaining 9 essential branches

[e] From the figure there are 7 nodes — three identified by rectangular boxes,
two identified by triangles, and two identified by diamonds.

[f] There are 5 essential nodes, three identified with rectangular boxes and
two identified with triangles.

[g] A mesh is like a window pane, and as can be seen from the figure there are
6 window panes or meshes.
P 4.2 [a] From Problem 4.1(d) there are 9 essential branches where the current is
unknown, so we need 9 simultaneous equations to describe the circuit.

[b] From Problem 4.1(f), there are 5 essential nodes, so we can apply KCL at
(5 — 1) =4 of these essential nodes. There would also be a dependent
source constraint equation.

[c] The remaining 4 equations needed to describe the circuit will be derived
from KVL equations.
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4-20 CHAPTER 4. Techniques of Circuit Analysis

[d] We must avoid using the bottom left-most mesh, since it contains a
current source, and we have no way of determining the voltage drop
across a current source. The two meshes on the bottom that share the
dependent source must be handled in a special way.

P 4.3 [a] There are eight circuit components, seven resistors and the voltage source.
Therefore there are eight unknown currents. However, the voltage source
and the R; resistor are in series, so have the same current. The R, and
Ry resistors are also in series, so have the same current. The R5 and R;
resistors are in series, so have the same current. Therefore, we only need
5 equations to find the 5 distinct currents in this circuit.

[b]

There are three essential nodes in this circuit, identified by the boxes. At
two of these nodes you can write KCL equations that will be independent
of one another. A KCL equation at the third node would be dependent
on the first two. Therefore there are two independent KCL equations.

[c] Sum the currents at any two of the three essential nodes a, b, and c. Using
nodes a and ¢ we get

—t1+i2+1 =0
11— i3 +1i5=0

[d] There are three meshes in this circuit: one on the left with the
components vg, Ry, Ry and Rs; one on the top right with components R,
R4, and Rg; and one on the bottom right with components R3, Rs5, and

R;. We can write KVL equations for all three meshes, giving a total of
three independent KVL equations.
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Problems 4-21

[e] —vs + R111 + Rato + R3iz =0
Rytq + Reig — Raoio =0

R3i3 + Rsis + R7i5 = 0

P44
R, a R,
A A% ® .
1 —- Iy —=
i
Rzé‘P RG
+ b
LA ® ®
R g 33
K
-*] AN ®
C 1y —»
[a] At node a: —'il +’i2+’i4 =0
At node b: —dy+i3—14—15=0

At node c: 11 —i3+1i5=0

[b] There are many possible solutions. For example, adding the equations at
nodes a and ¢ gives the equation at node b:

(—i1+’i2+’i4)+(i1—’i3+i5):0 SO ig—’i3+’i4+’i5:0
This is the equation at node b with both sides multiplied by —1.
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4-22 CHAPTER 4. Techniques of Circuit Analysis

i (D “ir 3R
—

t ﬁib §R4 §R5

[a] As can be seen from the figure, the circuit has 2 separate parts.

[b] There are 5 nodes — the four black dots and the node betweem the voltage
source and the resistor Rj.

[c] There are 7 branches, each containing one of the seven circuit components.

[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 4.6 Use the lower terminal of the 25 €2 resistor as the reference node.

v, — 24 v,
— +0.04=0
20%—80%_25+

Solving, v, =4V
P 4.7 [a] From the solution to Problem 4.6 we know v, = 4 V, therefore
Paoma = 0.04v, = 0.16 W

Paoma (developed) = —160 mW

[b] The current into the negative terminal of the 24 V source is
24 -4

= —0.2A
97 50+ 80

pagv = —24(0.2) = —4.8 W

paav (developed) = 4800 mW
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P 4.8

P49

STUDENTS-HUB.com

Problems

[c] paoa = (0.2)%(20) = 800 mW
psoa = (0.2)%(80) = 3200 mW
pasa = (4)?/25 = 640 mW
3 Paev = 4800 mW

> pais = 160 4 800 + 3200 + 640 = 4800 mW

’110—24 Vo
Yo L004=0: w,=4V
B 7m0 Tt U

[b] Let v, = voltage drop across 40 mA source

vy = v, — (50)(0.04) =2V

Paoma = (2)(0.04) =80 mW S0  psoma (developed) = —80 mW

[c] Let i, = be the current into the positive terminal of the 24 V source

ig = (4—24)/100 = —0.2A

paav = (—0.2)(24) = —4800 mW so pogv (developed) = 4800 mW

[d] > pais = (0.2)%(20) + (0.2)%(80) + (4)2/25 + (0.04)2(50) + 0.08
= 4800 mW

4-23

[e] v, is independent of any finite resistance connected in series with the 40

mA current source

2T . §5UQ (5v

poa = —(50)(2) = —100W  (delivering)

The 2 A source extracts —100 W from the circuit, because it delivers 100 W

to the circuit.
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4-24 CHAPTER 4. Techniques of Circuit Analysis

P 4.10 [a] ”0;2”1 +””;2U2 +U“;2U3 +---+U“]__2U"

NV, = V1 + V2 +v3+---+ v,

1 1
Vo= —[vr F vz + gt v = Ezk_lwf

1
[b] v, = 5(100+80 — 60) =40V

P 4.11 [a]
A A A AN
501 407 1002
+ +
128v v1§ 500 v2§ 800) O320v
w
v — 128 L e T 0

5 60 4 N
Vg —U1 | V2 vy — 320 _ 0

4 80 10 N

In standard form,

(1+1+1>+ (1) 128
v+ =+~ v | —— = —
"\5 "60 4 4 5

(1)+ (1+1+1> 320
U\T1)T\1 T T 10) T 10

Solving, v1 = 162V; vy, =200V

128 — 162
jo= 22T % 68A
5
162
L= 2 _97A
= %60
162 — 2
o= 2022200 g 50
1
200
= _95A
4T
200 — 32
22003820 o
10

P320v = (320)(—12) = —3840 W (dev)
Therefore, the total power developed is 3840 W.
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P 4.12

P 4.13

Problems 4-25

144v(7) v 2100 v,

250

v — 144 U1 V1 — VU2

4 10 80

V2 — U1 V2
-3 2 =0
+ 30 + 5 SO

=0 SO

Solving, v; = 100V, v =20V

U1 V1 — V2
—6 - —
+ 40 + 8

Solving, v; = 120 V;, v =96V
CHECK:

Pao = (158)2 = 360 W
DPso = M =T72W
DProa = (9860)2 — 115.2W
D120 = % =T76.8W

pea = —(6)(120) = =720 W

pia = (1)(96) = 96 W

2911 — vy = 2880
—v1 + 17’112 = 240

> Pabs = 360 + 72 4+ 115.2 + 76.8 + 96 = 720 W

> Paev = 720W  (CHECKS)

STUDENTS-HUB.com
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4-26 CHAPTER 4. Techniques of Circuit Analysis

P 4.14 [a]
iy Wty
30 + 200+ _é\)
v, vFa00 v Zan D202
o 1 z a
- v, _
Aty Wy
mn ¥ 200
— 40 _
Z—6+U14 +U12U2:0 so  3lv; — 20vy + Ovg = 400
”2;’1 ”2;”3 ~28=0 50 —2u;+ 3y — vy = 112
% U31U2+28:O so  Ovy — vy + 3v3 = —112
Solving, v1 =60V; vy, =73V; wv3=—13V,
40 — 60
[b] i, = = —-5A
4
pg = (40)(—5) = —200 W
Thus the 40 V source delivers 200 W of power.
P 4.15 [a]
il Ul
M, 9
10
125V J,gsﬂ \|/
12 i-‘} 15
4 e %V,  Zup
125V | J}m
_'I_3 l
5
A ®
0 v,
V1 — 125 V1 — V2 V1 — Us 0
1 6 24
Vg — VU1 V2 Vo — Vs
e = 0
6 * 2 * 12
U3 + 125 V3 — Vg V3 — U1
= 0
1 * 12 * 24

STUDENTS-HUB.com Uploaded By: Jibreel Bornat



Problems 4-27

In standard form:

1 1 1 1 1
A(irpod)en(en) - m

16 24 6 24

(1)+ (1+1+1>+ 1) _
U\TE) T s T2 T 12) T U1 -

( 1)+ ( 1)+ (1+1+1) _ 195
Ui 7o) T ) T\ T2 ") T
Solving, v = 101.24V; v, =10.66V; w3 = —106.57V

125 — —

Thus, ilz%zzg.mz& ¢4=”16”2=15.10A
. v . Vo — U
z2=§=5.33A i = 212 2 _977A
. vs 4+ 125 , U] — U3

=2 7" — 1843 A = = 8.66 A
13 1 8.43 16 o1 8.66

[b] > Piev = 125i; + 12515 = 5273.09 W

> Pais = i7(1) +i5(2) +45(1) + i3(6) + 42(12) + ig(24) = 5273.09 W

P 4.16
52
2
Lagwy
! " 2
120 200 4@
40v(,) 758

V1 + 40 V1 V1 — VU2

2 Tt TPV

[”22_0”1] 54 ”i)”l +75=0

Z_S ”3&”%7.5:0

Solving, v1 = —10V; v, =132V; w3 = —84V; 2'40\/:#;—40:2.5A

psa = B(vy —vg) =5(—10 —132) = =7T10W  (del)
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4-28 CHAPTER 4. Techniques of Circuit Analysis

prsa = (—84 —132)(7.5) = —1620W  (del)
Paoy = —(40)(2.5) = =100 W (del)

proa = (2.5)%(12) = 75 W

2 2
vi 10
P250 25 25
(’Ul — ’112)2 1422
= = =1 2
D200 20 50 008.2W
2 842
p4(]Q(lOWGI') = (230) = E =176.4W
- 2 2162
paoe(right) = (02 —v)” _ = 1166.4 W

40 40

> paiss = 75 4+ 4 4 1008.2 4 176.4 + 1166.4 = 2430 W

> Paev = 710 + 1620 + 100 = 2430W  (CHECKS)

The total power dissipated in the circuit is 2430 W.

Uy Vo + Dia v, — 80 . v, — 80
200 T 10 T 20 » AT T

[a] Solving, v, =50V
. Vo + 5'iA
b| i4s =
[b] ia 10
in = (50 — 80)/20 = —1.5A

P 417 -3+

igs = 425A;  Bia =75V : pas = (—5ia)(ias) = 31.8T5W
[c] psa = —3v, = —3(50) = —150 W  (del)
psov = 80ia = 80(—1.5) = —120W  (del)
> pae = 150 + 120 = 270 W
CHECK:
Paooa = 2500/200 = 12.5W

paoa = (80 — 50)%/20 = 900/20 = 45 W
pioa = (4.25)%(10) = 180.625 W
> Paiss = 31.875 + 180.625 4 12.5 4 45 = 270 W
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Problems 4-29

P 4.18
0 ’U” A =
1002 306
180V /]\ g '
i | 71000 V1501,
A,
v 2012
v0—160+ Uy +v0—1502’0 0 i—— Uy
10 100 50 77100
Solving, v, = 100V, o =—1A
100 — (150)(—1
50
P150i, = 150’ég’é0 = —750W
The dependent voltage source delivers 750 W to the circuit.
P 4.19
v 12504} v, 200€2
_ W
-,

20 mA(l) 1kQ 4k0) 2k0 2500i,

U1 V1 — V2
0.02 =0
[a] 0.02+ 7505 + 350
Vg — U1 V2 V2 Vo — 2500’&A
=0
1250 * 4000 * 2000 * 200
. U=
A7 1950
Solving,
v = 60V; vy = 160V ian = 80 mA

Pyoma = (0.02)v; = (0.02)(60) = 1.2 W (absorbed)

_ vy — 2500z _ 160 — (2500)(0.08) — _02A
200 200 '

Pys = (250004 )igs = 2500(0.08)(—0.2) = —40W (40 W developed)

1ds

Pdovolopod =40W
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4-30 CHAPTER 4. Techniques of Circuit Analysis

v2 602

bl P, = — —
[b] P 1000 1000
Praso = 125003 = 1250(0.08)* = 8 W

=3.6W

v 1602
Py =—2 = =6.4W
74000 4000
v 1602
Py = —2 = =12.8W
25779000 2000

Pogo = 20043, = 200(—0.2)*> = 8W
Pibsorbed = Pooma + Prx + Pr2so + Pax + Pax + Paoo
=12+36+84+64+12.8+8 =40W (check)

P 4.20

5000 vy, 2kQO w
A A

o

| _1_
+ 2 (2
>0 V<_> PAZ1k0 =55 Yo £2000)

va — 50 VA VA — Vo
2] =550~ * 000 T 2000
Vo — VA vA Vo
2000 750 T 200
Solving,
va =30V, v, = 10V
va —50 30 — 50

bl isgy = _ — _0.04A
[b sov = =555 500

Psgy = 50i50v = 50(—0.04) = —2W (2 W supplied)

=0

0

oA
750

Piota = 2+ 0.4 = 2.4 W supplied

J— ( ) — _(10)(30/750) = —0.4W (0.4 W supplied)
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P 4.21 [a]
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Problems 4-31

- A i
501 Co00 40 1g
+ + J/lD \I/
250
5:<1 ViZa0n Y Ea0n | S
o A 13
B B 1151
w
L
° 40
—5¢0+;’—6+U1g?’2=0 o 10v; — 130 + 0vg = 0
Uzgvl Z_(Q) Uzl_ovg so  —8vu; + 13vy —4v3 =0
— — 11.54, — 96
e Py BP0 so o 0up — 630s + 22005 = 9600
10 5 4
Solving, v1 = 156 V; v, =120V; w3 =78V
. vy 120
bl i =35 = 1o
— 11.52, 78 — 11.5(3
5 5
78 — 96
iy = — —45A

Psi, = —Biovr = —5(3)(156) = —2340 W (dev)
Pi1si, = 11.5i,5 = 11.5(3)(8.7) = 300.15 W (abs)
Posv = 96(—45) = —432 W(dev)
S Paev = 2340 + 432 = 2772 W
CHECK
Spe - 156 , (156 —120)° | 120* | (120 — 78)°
Pdis = 20 5 10 50
+(8.7)2(5) + (4.5)2(4) + 300.15 = 2772 W

Zpdov = Zpdis =27T72W
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4-32 CHAPTER 4. Techniques of Circuit Analysis

P 4.22 [a]
v 29V 4 200)
1 2
S
28, WIS 21500 £550
v
This circuit has a supernode includes the nodes vy, v and the 25 V
source. The supernode equation is
U1 V2 V2
24+ 4 2 4 2

+ 50 + 150 + 75
The supernode constraint equation is
V1 — Vg = 25
Place these two equations in standard form:

1 1 1
il ) = 9

. (50) o (150 * 75)

'Ul(l) + ’Ug(—l) = 25
Solving, v; = —37.5 V and v, = —62.5 V, so v, =v; = —=37.5 V.
poa = (2)v, = (2)(=37.5) = =75 W
The 2 A source delivers 75 W.

[b]
& 25V
-25y 2000
S
28, WIS 21500 £550

¥

This circuit now has only one non-reference essential node where the
voltage is not known — note that it is not a supernode. The KCL
equation at vq is
U1 V1 + 25 V1 + 25
B, B _
* 50 + 150 + 75
Solving, v1 = 37.5 V so vg = —v; = —=37.5 V.

poa = (2)v, = (2)(=37.5) = —T5W
The 2 A source delivers 75 W.

[c] The choice of a reference node in part (b) resulted in one simple KCL
equation, while the choice of a reference node in part (a) resulted in a
supernode KCL equation and a second supernode constraint equation.
Both methods give the same result but the choice of reference node in
part (b) yielded fewer equations to solve, so is the preferred method.

0
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Problems 4-33

P 4.23
8000
A
- v, *
800}
s 'v1 40101 . v
50V 2500 (F)750ma 22000
v

The two node voltage equations are:
v — 50 V1 V1 — VU2

80 + 50 + 40 0
g 2y 20
40 200 800
Place these equations in standard form:
11 1 1 50
o(wrsm) =) RS
1 1 1 1 50
(%] (_@> + U (E‘Fm‘l‘%) = 0754‘@

Solving, v = 34'V; ve = 53.2V.
Thus, v, = v9 — 50 = 53.2 — 50 = 3.2 V.
POWER CHECK:

iy, = (50 —34)/80 + (50 — 53.2)/800 = 196 mA
psov = —(50)(0.196) = —9.8 W

psoa = (50 —34)2/80 =3.2W

psos = (50 — 53.2)2/800 = 12.8 mW

pioa = (53.2—34)%/40 = 9.216 W

psoa = 34%/50 = 23.12W

P20 = 53.22/200 = 14.1512W

porsa = —(53.2)(0.75) = —39.9W

> Pabs = 3.2+ .0128 + 9.216 + 23.12 + 14.1512 = 49.7W

> paet = 9.8 +39.9 = 49.7 (check)
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4-34

P 424

V1 i V1 — V2 V1 — 20 0
= SO
30,000 5000 2000
V2 V2 — U1 Vo — 20 . .
1000 5000 5000
Solving, v1 = 15V; vy =5V
Thus, i, = U2 _omA
5000
P 4.25 [a]
Yi
oy
103
501
e z
v
7 gy LY
10 1
QSUVCD § 10 20 §
100
S 50z
10}
Wiy
vy — 230 Vg — Uy 'U2_'U3_0
1 1 1
U3 — Uz U3 U3 Us —0
1 1 1
Vg4 — V2 ’114—230 ’U4—’U5_0
1 6 2
Vs — U3 E Us — U4 0
1 6 2
Solving, v, = 150V; wv3 =80V,
_ 140 —
i292U42U5= Y 90:25A

STUDENTS-HUB.com

CHAPTER 4. Techniques of Circuit Analysis

22v; — 6ve = 300
—v1 + Tvg = 20
so  3ug — lvg — 1ug + Ovs = 230
so —lvy+3v3+0vs—1lvs =0
so  —12vy + Ovs + 20v4 — 6vs = 460
so Ovg —12v3 — 6v4 + 20v5 =0
vy =140V; wvs=90V
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Problems 4-35

pa = (25)%(2) = 1250 W

. V1 — V2 V1 — U4
b
[ ] 1230V 1 5
230 —1 230 — 14
30 50+ 30 0:8O+15:95A
1 6
D230V (230)(95) = 21,850 W
Check:
—>958 e —> 158
10
SQ§
BOATIN _yipn
At
10
230V J/gm zﬂg\l/
TOR %10?—& 25A
Ay
10
: 0 502,
807 0 1580
Ay
D Pas = (80)*(1) + (70)*(1) + (80)*(1) + (15)*(6) + (10)*(1)

+(10)2(1) + (25)%(2) + (15)2(6) = 21,850 W

P 4.26 Place 5v, inside a supernode and use the lower node as a reference. Then

VA — 15 VA

10 2

12va = 60;

VA — DU VA — DU
A A_I_A A

=0

VA

20 40

=5V

Vo = va — Hva = —4(5) = =20V

P 4.27 [a]

16— '14%'\‘9
%jw A Ya FiiN)
5k 10ma
30V,

J/§4L<Q J/ Jsov

4 3

Ay
Peg
-

There is only one node voltage equation:

Vs + 30
5000

STUDENTS-HUB.com

Va

500

Vy —

——— +0.01=0
1000 *
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4-36 CHAPTER 4. Techniques of Circuit Analysis

Solving,
va + 30 + 10va + 5v, —400 +50 =0 SO 16v, = 320
) =20V
Calculate the currents:
i1 = (—30—20)/5000 = —10 mA
is = 20/500 =40 mA
iy, = 80/4000 =20 mA
i5 = (80 —20)/1000 = 60 mA

ig+is+i5—10mA =0 so i3=0.01-0.02—-0.06=—-0.07=—70 mA

[b] psov = (30)(—0.01) = —0.3 W
Pioma = (20 —80)(0.01) = —0.6 W
psov = (80)(—0.07) = —=5.6 W
Dsk = (=0.01)%(5000) = 0.5 W
psooe = (0.04)%(500) = 0.8 W
pe = (80 —20)2/(1000) = 3.6 W
Pak = (80)?/(4000) = 1.6 W

> Pabs = 0.5+ 0.8 +3.6 + 1.6 = 6.5W
> Pt = 0.3+ 0.6 + 5.6 = 6.5 W (checks!)

P 4.28
- v+
Wiy
20
162 ) C
+ ZVX
LN(:' v 30 /]\

The two node voltage equations are:

74 B T
v ?%; v L 4
c— Ub c
—2v, = 0
Uy + 1 + 7
The constraint equation for the dependent source is:

Vy = U, — 4
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Problems 4-37

Place these equations in standard form:

Up (% + 1) +  ve(—1) + (0) = -7
up(—1) + e (1 + %) + v(—2) = g
vp(0) +  ve(1) + wu(-1) = 4

Solving, v. =9V,v, =5V, and v, = v, = 1.5V

P 4.29
125004
Pt
L -
kQ 1 500Q 2 5000
UL o—w —AAA AN
3 Lp — T U -
12x10 vy ;
2.5kQ§ 4.25kQ gl 75V

[a] The left-most node voltage is 75 — 1250¢,. The right-most node voltage is
75 V. Write KCL equations at the essential nodes labeled 1 and 2.

[b] From the values given,

Z,_'U1-’Ug_105—85_004A
®~ 7500 500

VA =02 — 75 =8 —-75=10V

v, = 75— (1250)(0.04) =25 V
. UL — U UL _25—105 25

= = = —0.07TA
! 1000 * 2500 1000 * 2500 0.07
. ve—=T75 . 8175
= _— X = . = . A
Iy 00 { 500 +0.07 = 0.09

Calculate the total power:
Pastop = 1250i4(ix) = 1250(0.04)(—0.07) = —3.5 W
Pashor = —v1(12 x 107%0a) = —(105)(12 x 1072)(10) = —12.6 W

Prsy = T5iy = 75(0.09) = 6.75 W

STUDENTS-HUB.com Uploaded By: Jibreel Bornat



4-38 CHAPTER 4. Techniques of Circuit Analysis

(vp —v1)* (25 —105)?

Py = — — 6.4W
L 1000 1000
2 2
vy 25
Py = —L — —0.25W
25K 79500 2500

Psgomia = 50003 = 500(0.04)* = 0.8 W

V3 102

Psooright = ﬁ = 500 =02W
V2 852

P =2 = =1.7TW
425K T 4950 4250

[c] Paupplica = 3.5+ 12.6 = 16.1W
Piabsorbed = 6.75 + 6.4+ 0.25 + 0.8+ 0.2+ 1.7 = 16.1 W = Paypplica

Therefore the analyst is correct.

p430
. . i d
: ﬁ%Sl@ : Supernodes
i‘v i 20 b E
3.125v,
£200 ZWC_ 2800
Node equations:
vy v —20  vz—wvy w3
— — + 3.125vA =0
20 T2 T g Ty Toea
Vg Vg — U3 Uy — 20
e =0
40 * 4 1

Constraint equations:
va = 20 — vy

v — 351y = U3

iy = v/40

Solving, v; = —20.25V; vy, =10V; w3 =-29V
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Problems 4-39

Let ¢4 be the current delivered by the 20 V source, then

. 20-(20.25) 20— 10
= +

- — 30.125 A
Y 2 1

pg (delivered) = 20(30.125) = 602.5W
P 4.31 From Eq. 4.16, i =v./(1+ 3)REg

From Eq. 4.17, ig = (v, —V,)/(1 + B)REg

From Eq. 4.19,
i = 1 chc(l +B)ReRs + VoRi Ry V]
b (1+B)Rp |RiRy+ (1+ 3)Rp(R1+ Ry) °
VecRy — Vo(R1 + Rs) _ VecR2 /(R + R2)| =V,
RiRs + (1 + ﬁ)RE(R1 + Rz) [Rle/(Rl + Rg)] + (1 + ﬁ)RE
P 4.32 [a]
— R

75D 15002 ‘

8v () /X/ §2DDQ/\/ 140V

JI'1 J/ iz
AL ih Wy

1250 2500

80 = 4007, — 20022

—140 = —2007; + 600:

Solving, 11 = 0.1 A; iy =—0.2A

ta=101=01A; 4, =143 —ia=03A; i.=—ip=02A
[b] If the polarity of the 140 V source is reversed, we have

80 = 4007, — 20022

140 = —200¢; + 60072

117 =0.38A and i, =0.36A

ta =11 =0.38A; 4, =143 —12=0.02A; i.=—is=-0.36A
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4-40 CHAPTER 4. Techniques of Circuit Analysis

P 4.33 [a]

A A AN
507 400 1001

128v () Q 2e00 o %m@ 320V

v

The three mesh current equations are:

—128 + iy + 60(iy —ic) = 0
dig + 80(ic — ic) + 60(ic —ia) = O
320 4 80(ic — ic) + 10ic = 0

Place these equations in standard form:

ia(5 + 60) 4 ic(—60) + ic(0) — 128
ia(—60) + 4o(4 + 80 + 60) +i(—80) = 0
i0(0) + io(—80) + (80 + 10) = —320

Solving, 4, = —6.8 A;  i.=—-95A: i, =—12 A
Now calculate the remaining branch currents:

ih = la—ic=2TA
lag = 1y —1le=20A

P320v = (320)(—12) = —3840 W (dev)
Therefore, the total power developed is 3840 W.
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Problems 4-41

P 4.34 [a]
—'
100
1259 :‘1 J/gm J/
lze l‘1 ’_D, l6

The three mesh current equations are:

—125 + liy + 6(iy — ig) +2(i1 —i3) = 0
Uig + 12(ig — i3) + 6(ig — i1) = 0
—125 4+ 2(i5 — i1) + 12(i5 — ig) + li3 = 0

Place these equations in standard form:

i1(1+642) +i3(—2) + is(—6) = 125
i1(—6) +i3(—12) +i6(24 +12+6) = 0
i1(—2) +i3(2+ 124 1) +i6(—12) = 125

Solving, 71 = 23.76 A; 13 = 18.43 A; 16 = 8.66 A
Now calculate the remaining branch currents:

i = 143 —1i3=>5.33A
iy = 11— 16 =15.10A
i5 = i3—16=9.TTA

[b] Prources = Drop + Phottom = —(125)(23.76) — (125)(18.43)
— —2969.58 — 2303.51 = —5273 W

Thus, the power developed in the circuit is 5273 W.
Now calculate the power absorbed by the resistors:

Pitop = (23.76)%(1) = 564.39 W
p2 = (5.33)%(2) = 56.79W
Pibor = (18.43)%(1) = 339.59 W
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4-42 CHAPTER 4. Techniques of Circuit Analysis

ps = (15.10)%(6) = 1367.64 W
pi2 = (9.77)%(12) = 1145.22 W
pos = (8.66)%(24) = 1799.47W

The power absorbed by the resistors is
564.39 4 56.79 + 339.59 4 1367.64 + 1145.22 4+ 1799.47 = 5273 W so the
power balances.

P 4.35

The three mesh current equations are:

—20 + 2000(i; — i3) + 30,000(i; —i3) = 0
50006y + 5000(iy — i3) 4 2000(iy — i;) = 0
1000i5 + 30,000(i5 — i1) + 5000(i5 — iy) = O

Place these equations in standard form:

i1(32,000) + i5(—2000) + i5(—30,000) = 20
i1(—2000) + i5(12,000) 4 i5(—5000) = 0
i1(—30,000) + i3 (—5000) + i5(36,000) = 0

Solving, i1 = 5.5 mA; 19 = 3 mA,; i3 = 5 mA
ThU.S, 'éo = ’ég — ’ég =2 mA.
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Problems 4-43

P 4.36 [a]
=
A, 4 i? A
100 e €2
40v(3) /X/ /\/ (2)198v

40 + 10(iy — ig) 4 5(iy — i3) 4+ 90 + 30i; = 0
20ig + 4(iy — i3) + 10(ig —41) =0
196 + 2i3 — 90 + 5(i3 — 41) + 4(i5 — i5) = 0
Solving, 11 = —5A; iy =-3A; i3=—13A
pao = 4041 = —200 W (del)
Poo = 90(i; — i3) = 720 W (abs)
Pros = 196i3 = —2548 W (del)
S D Pdev = 2748 W
[b] paoa = (—=3)%(20) = 180 W
Pioq = (2)2(10) =40W
pao = (10)%(4) = 400 W
s = (8)%(5) = 320W
P3oq = (—5)2(30) =T50W
ma = (—13)%(2) = 338 W

Zpabs = 720 + 180 + 40 + 400 + 320 + 750 + 338 = 2748 W
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4-44 CHAPTER 4. Techniques of Circuit Analysis

P 4.37 [a]

10

The four mesh current equations are:

—230 + 1(iy —is) + 1(iy —i3) + 1(i1 —ig) = O
Gis + 1(iy — i3) + 1(is — i) = 0

i+ 1(i5 — i4) + 1(is — i1) + 1(i5 —i3) = 0
Gis+ 1(ig — iy) + 1(ig —i5) = 0

Place these equations in standard form:

i1(3) +ia(—1) +i3(—1) +is(—=1) = 230
i1(—1) +i2(8) +i3(—1) +14(0) = 0
i1(—1) +ia(—1) +i3(5) +ia(—1) = 0
i1(—1) +i2(0) +i3(—1) +4(8) = 0

Solving, i, = 95 A; iy =15A;  i3=25A;  is=15A
The power absorbed by the 52 resistor is

ps = i3(2) = (25)%(2) = 1250 W
[b] paso = —(230)i1 = —(230)(95) = —21,850 W
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Problems 4-45

P 4.38

11% -
A0, L A =
100 3000
180V /‘\ £ !
i, 1008} V1501,
A,
v 2081
—160 4 104y + 100(¢; —i,) =0
30i, + 150i, + 20i, + 100i, = 0
lg = 1o — 11
Solving,
11 =6 A; 1o = HA; 1o =—1A
Pys = (150i, )i, = 150(—1)(5) = =750 W
Thus, 750 W is delivered by the dependent source.
P 4.39
40 802
VW ® A 'AA%
+ : : +
65V<> ﬂ §5Q Fl% <_>3m
602 150
MW o A 'AA%

—65 + diy + 5(i1 — i2) + 6iy = 0
8iy + 3va + 150y + 5(is — iy) = 0

oA = 41y

Solving, 11 = 4 A o =—1A va = 16V

pisa = (—1)*(15) = 15 W
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P 4.40
Ay
500

BE0V(: /_\/ 250

i 250
Ny ;

201
¢'+ isl
R 2500

660 = 3077 — 1023 — 1513
2014 = —1071 + 602 — 5013

0 = —152; — 5022 + 9023

iy = iy — i3

Solving, iy = 42 A; i =27 A;  i5=22A;  iy=5A

20is = 100V

D20iy = —100iy = —100(27) = —2700 W

p20i, (developed) = 2700 W
CHECK:
Pesoy = —660(42) = —27,720W (dev)
S 3 Piy = 27,720+ 2700 = 30,420 W
ZPdis = (42)2(5) + (22)2(25) + (20)2(15) + (5)2(50)—|—
(15)2(10)

— 30420W
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Problems 4-47

P 4.41 [a]
1250 75Q2 50Q2
—WW\ YW —WAV
L—P L—W»

= ; .
C>4OV 3000 AL 250) 500i vo§zoog

40 = 1251 + 300(iy — ia)
0 = 75ia + 25ia + 300(ia — i1)
0 = 5065 + 20073 — 500i
Solving, iy = 0.2 A;  in=0.3A;  ix=0.15A
v, = 200iy = 200(0.3) = 60V
[b] pas = —(500ia )iz = —500(0.15)(0.3) = —22.5 W

pas (delivered) = 22.5 W

P 4.42
531y
+ —_
Jl'l
Wiy - Ayl
30 \Lla Sy

30v (Y /—\/ gzOQ/—\/I & s0v

iy Ay
ELY) 20

Mesh equations:

93ia + 811 — 3ig — D13 =0
0ia — 321 + 30t — 2073 = 30
0ia — D11 — 2009 + 2713 = 30
Constraint equations:

A =1y — 13
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4-48 CHAPTER 4. Techniques of Circuit Analysis

Solving, i1 = 110 A; 19 =52 A; is = 60 A; in=—-8A

Therefore, the dependent source is developing 46,640 W.
CHECK:

psov = —30i2 = —1560 W (left source)
psov = —30i3 = —1800 W (right source)
> Paev = 46,640 + 1560 + 1800 = 50 kW
p3a = (110 — 52)%(3) = 10,092 W

psa = (110 — 60)%(5) = 12,500 W

pooa = (—8)%(20) = 1280 W

pra = (52)%(7) = 18,928 W

poq = (60)%(2) = 7200 W

Zpdiss = 10,092 + 12,500 + 1280 + 18,928 + 7200 = 50 kW

P 4.43 [a]
Ay Ay
L 1kQ 1kQ
1504
- A
smadv, |\ §5_4k® +
sma L i
- A
2.7k0
Ay

The mesh current equation for the right mesh is:
5400(i; — 0.005) + 3700¢; — 150(0.005 — 41) = 0
Solving, 9250i, = 27.75 Sooip =3 mA
Then, ian=b—3=2mA

[b] v, = (0.005)(10,000) 4 (5400)(0.002) = 60.8V
Psma = —(60.8)(0.005) = =304 mW
Thus, the 5 mA source delivers 304 mW

[c] Pdep source = —150iad; = (—150)(0.002)(0.003) = —0.9mW
The dependent source delivers 0.9 mW.
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P 4.44

e
+ ‘

+
TN U v, £ 400 1 Smnfzguoﬂ 14
gal  — . - "

Iz

Mesh equations:

128i7 — 8012 = 240
—80¢1 + 20072 = 120
Solving,

i1 =3A; 15 =1.8A
Therefore,

01 =40(6 —3) =120V; vy =120(1.8 —1) =96V

P 4.45 [a]

e e e
50 100 L 40

i i + —. 501% \

D> %9y g0\ 40zv, Q (H9sv
51 1 =z Y3 T
: - +
B ", 115i0/

Mesh equations:

65t — 4072 + 0i3 — 1007, = 0

—4011 + 5519 — 5iz + 11.54, = 0

0i1 — 5ig + 913 — 11.56, =0

—1iy + lig 4+ 0ig + 13, = 0

Solving,

iW=T2A; iy =42A;  iy=-45A;  i,=3A
Therefore,

v; = 20[5(3) — 7.2] = 156 V; vy =40(7.2 —4.2) =120V
vy =5(4.2+4.5) +11.5(3) =78V
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4-50 CHAPTER 4. Techniques of Circuit Analysis

[b] psi, = —bi,v1 = —5(3)(156) = —2340 W
Prisi, = 11.50,(ia — i3) = 11.5(3)(4.2 + 4.5) = 300.15 W
posv = 9613 = 96(—4.5) = —432W

Thus, the total power dissipated in the circuit, which equals the total
power developed in the circuit is 2340 + 432 = 2772 W.

P 4.46
i.&
W\I %
8
iﬂ
50 40
* 651,
20A Dy, /}/A §209/\./ :
1

Mesh equations:

10ia —4i; =0

—4in + 24i1 + 6.5ia = 400

Solving, i1 = 15 A; in=16 A

vooa = lia + 6.5i4 = 7.5(16) = 120V

P20 = —20v04 = —(20)(120) = —2400 W (del)

Pe.sin = 6.5ia71 = (6.5)(16)(15) = 1560 W (abs)

Therefore, the independent source is developing 2400 W, all other elements are

absorbing power, and the total power developed is thus 2400 W.
CHECK:

pro = (16)*(1) = 256 W

psa = (20 — 16)*(5) = 80 W
mo = (1)*(4) =4W

P20 = (20 — 15)%(20) = 500 W

> Pabs = 1560 + 256 + 80 + 4 + 500 = 2400 W (CHECKS)
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P 4.47

380 5A. 6Q
® A e AW\
5V<+> A §3OQ 67V
T
120 400

5+ 38(iy — 5) + 30(i1 — i) + 120 = 0
67 + 405 + 30(iy — i1) + 6(iz — 5) = 0

Solving, i1 = 2.5A; i, =05A
[a] vsa = 38(2.5—5)+6(0.5—5)
= —122V
psa = Husp = 5(—122) = —610 W

Therefore, the 5 A source delivers 610 W.
[b] psv = 5(2.5) = 12.5W

pery = 67(0.5) = 33.5W

Therefore, only the current source delivers power and the total power
delivered is 610 W.

[e] D Presistors = (2.5)*(38) + (4.5)*(6) + (2)*(30) + (2.5)*(12) + (0.5)*(40)
=564 W

> Pabs = 564 +12.5 +33.5 = 610 W = Y _pya (CHECKS)
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P 4.48 [a]

Mesh equations:

—50 + 63 — 4is + 9ia =0

—9ia — 4iy + 29i5 — 20i5 =0

Constraint equations:

ia = @9 i3 = —1.Tva; va = 20y

Solving, i1 = =5 A; i =16 A; i3=17A; wva=-10V

9 =9(16) = 144V

1o =12 —i3 =21 A

ip =1y —i3=—1A

v, = 200, = =20V

psov = —H0i; = 250 W (absorbing)

Poin = —1a(9ia) = —(21)(144) = —3024 W (delivering)

prov = —L.7vav, = i3v, = (17)(—20) = =340 W (delivering)
[b] > Piev = 3024 + 340 = 3364 W

> Fais = 250 + (=5)*(2) + (21)*(4) + (16)*(5) + (—1)*(20)

= 3364 W
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P 4.49
60 200
AA% A4
+
lOOVCt) EREY W(;Dzsv
90 = 300
AA% VWA

—100 + 621 + 2012 — 25+ 30i2 + 911 =0; 43 —iy =4
Solving, 11 = 5A; i, =1A

proov = —100i; = —500 W (delivered)

pea = (5)%(6) = 150 W

poa = (5)*(9) =225 W

poa = (1)%(20) = 20 W

psoa = (1)*(30) =30 W

o = 20(1) — 25+ 30(1) = 25V

pan = 4v, = 100 W

pasv = —25ip = —25'W (delivered)

S Paev = 150 + 225 + 20 + 30 + 100 = 525 W

3 puaiss = —500 — 25 = —525 W

Thus the total power dissipated is 525 W.
P 4.50 [a] Summing around the supermesh used in the solution to Problem 4.49 gives
—67.5 + 6i1 + 20ip — 25 + 30ip + 941 = 0; ih—ip =4
i1 =4.5A; i =05A
persv = —67.5(4.5) = —303.75W (del)
v, = 20(0.5) — 25+ 30(0.5) =0V
paa = 4v, = 0W
pasy = —2bip = —12.5W (del)
> paiss = (4.5)*(6 +9) + (0.5)*(20 + 30) = 316.25 W

> Pdev = 303.75 + 0+ 12.5 = 316.25W = > pais
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4-54 CHAPTER 4. Techniques of Circuit Analysis

[b] With 4 A current source replaced with a short circuit
15¢; = 67.5; 907y = 25
Solving,
i =457,  ip=05A
S Prources = —(67.5)(4.5) — (25)(0.5) = —316.25 W

[c] A 4 A source with zero terminal voltage is equivalent to a short circuit
carrying 4 A.

[d] With the new value of the right-hand source, we want v, = 0 but the
current in the middle branch must still equal 4 A.
KVL left:

—100 + 621 + 0+ 91, =0 SO i1 = 6.667 A

11—l =4 SO io =11 — 4 = 2.667 A

KVL right:

204 — Vo +30i +0 =10 SO Vo =501 = 133.333V

To check these results, sum around the supermesh with the value of the
source on the right as 133.333 V,

—100 + 671 + 20i5 — 133.333 + 30is + 941 = 0; i1 —ip =4
Solving,

i1 = 6.667 A; 1o = 2.667 A

Therefore,

v, = 2015 — 133.333 4+ 30i2 = 0

Thus,

Pyp = 4v, = 0 (checks)
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Problems 4-55

P 4.51 [a]

iy
i1"-p"\-'\; g
Sk}

)
10mA @
30v() @ 500012 @ £ Dgov
J/ \L 4k
i 14

13

Supermesh equations:

1000z, + 4000(ic — iq) + 500(i. — i) = 0
ic —ip = 0.01

Two remaining mesh equations:

55007, — 500i. = —30

40004 — 40007, = —80

In standard form,

—500i, + 10004, + 45006, — 4000i4 = 0

0ig — iy + i, + 0ig = 0.01

55004, + 0i, — 500i, + 0ig = —30

0iq + 0, — 4000i.. + 4000ig = —80

Solving:

io =—10mA; iy =—60mA; .= —50mA;  iz=—70mA

Then,

i1 =i, = —10mA; iy =i, —i.=40mA; i3 =iy = —T70mA
[b] Psources = 30(—0.01) + [1000(—0.06)](0.01) + 80(—0.07) = —6.5 W

Presistors = 1000(0.06)? 4 5000(0.01)* + 500(0.04)?

+4000(—0.05 + 0.07)* = 6.5 W
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P 4.52 [a]

200 = 8517 — 2519 — H0i3
0 = —75%; + 351 + 15015 (supermesh)
i3 — in = 4.3(i1 — i»)
Solving, 11 = 4.6 A; 19 =5.7T A; 13 =097 A
in=is=5TA; iy =i =46A
i =5 = 0.9TA:  dq=iy—iyg=—11A
le =11 — 13 = 3.63 A
[b] 10is + vy + 25(is — i) = 0
Vo = —07 —27.5 = —-84.5V
Pasi, = —o(4.3i0) = —(—84.5)(4.3)(~1.1) = —399.685 W (dev)

DP2oov = —200(4.6) = —-920W (dev)

Y Piev = 1319.685W
S Pys = (5.7)%10+ (1.1)%(25) + (0.97)%100 + (4.6)(10)+
(3.63)(50)
= 1319.685 W

o0 S Paey = > Pu = 1319.685 W
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P 4.53 [a]

—
19;3@/1_@}%;40@ W Ty, Quo

—4ig + 10(ie — ig) + 5(ic — iz) =0

5(ip — ie) + 10(ig — c) — 240 4+ 40(i, — 19) =0

iq — ip = 20y = 2(ie — i)

Solving, ig = 10 A; i, =18 A; i, =26 A

o =19 —iy = —TA; iy=i,—ip=—8A; i,=1i,—ig=8A;
[b] v, = 40i, = —280V; v, = 5ip + 40i, = —320V

Proa = —19v, = 5320 W

pai, = —digic = —T20 W

Pai, = —2iyvp = —5120W

pasoy = —240ig = —2400 W

paoa = (7)%(40) = 1960 W =

pso = (8)%(5) = 320W

proa = (8)%(10) = 640 W

> Pyen = 720 + 5120 + 2400 = 8240 W

ZPCHSS = 5320 + 1960 + 320 + 640 = 8240 W

P 4.54 [a] There are three unknown node voltages and only two unknown mesh
currents. Use the mesh current method to minimize the number of
simultaneous equations.
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[b]
+ 2.5kl
1Dm?—'«.@> ¥y D
10ma
Sk

The mesh current equations:
2500(¢; — 0.01) + 2000i; + 1000(iy —iz) =
5000(iz — 0.01) + 1000(ig — 1) + 1000iy =

Place the equations in standard form:
1(2500 + 2000 + 1000) + i2(—1000) = 25

i1(—1000) + #2(5000 + 1000 4+ 1000) = 50
Solving, 71 = 6 mA,; 79 = 8 mA
Find the power in the 1k¢) resistor:
'élk == ’él — ’ég = —2HIA
p1x = (—0.002)%(1000) = 4 mW
[c] No, the voltage across the 10 A current source is readily available from the

mesh currents, and solving two simultaneous mesh-current equations is
less work than solving three node voltage equations.

[d] v, =2000¢; 4+ 1000i; =12 +8 =20V
Thus the 10 mA source develops 200 mW.

P 4.55 [a] There are three unknown node voltages and three unknown mesh currents,
so the number of simultaneous equations required is the same for both
methods. The node voltage method has the advantage of having to solve
the three simultaneous equations for one unknown voltage provided the
connection at either the top or bottom of the circuit is used as the
reference node. Therefore recommend the node voltage method.
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[b]

10ma @) 4key 1

5kl

The node voltage equations are:
1 U1 —V2 U1 —Ug

- 0
5000 2500 1000
() Vg — U1 Vg — U3
—0.01 - 0
0-01+ 2500 ™ 2500 T 2000
U3 — VU1 V3 — U2 U3
- 0
1000 T 2000 1000
Put the equations in standard form:
(5005 + 350 * 1o05) + ™ ()~ (~1a5) = O
“1\5000 " 2500 " 1000/ " >\ 2500/ T *\ 1000/
( 1>+ (1+1+1>+ ( 1)—001
U\ 79500/ T2 \1000 T 2500 T 2000/ T\ 2000/ T 7
(~3a05) *+ (~305) + *» (006 * 005 * 1a05) = °
I\ 77000/ T2\ 2000/ T \2000 " 1000 T 1000/

Solving, v1 =6.67V; v, =13.33V; wv3=533V
Prom = —(13.33)(0.01) = —133.33mW
Therefore, the 10 mA source is developing 133.33 mW

P 4.56 [a] The node voltage method requires summing the currents at two
supernodes in terms of four node voltages and using two constraint
equations to reduce the system of equations to two unknowns. If the
connection at the bottom of the circuit is used as the reference node,
then the voltages controlling the dependent sources are node voltages.
This makes it easy to formulate the constraint equations. The current in
the 20 V source is obtained by summing the currents at either terminal of
the source.

The mesh current method requires summing the voltages around the two
meshes not containing current sources in terms of four mesh currents. In
addition the voltages controlling the dependent sources must be
expressed in terms of the mesh currents. Thus the constraint equations
are more complicated, and the reduction to two equations and two
unknowns involves more algebraic manipulation. The current in the 20 V
source is found by subtracting two mesh currents.

Because the constraint equations are easier to formulate in the node
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4-60 CHAPTER 4. Techniques of Circuit Analysis

voltage method, it is the preferred approach.

[b]
0,003,
0V, 200mA
10— 3
«— +
o
21000 v, 225000

Node voltage equations:

U 0.00308 + -2 — 0.2 =0

100 250
V3 V4
0.2+ — 4+ — —0.003vA =0
100 " 200 va
Constraints:
Vg = Ug; U3 = UA; vy — vz = 0.4v,;

Solving, v1 = 24V; vy =44V; wv3=—-T72V,

. V2
L =02— -2 —24mA
! 250 o

DPaov = 20(0.024) = 480mW

Thus, the 20 V source absorbs 480 mW.

’112—’111:20

Vyq4 = —54 V.

P 4.57 [a] The mesh-current method does not directly involve the voltage drop across
the 40 mA source. Instead, use the node-voltage method and choose the
reference node so that a node voltage is identical to the voltage across

the 40 mA source.

[b]
40md
&
1 p. |
——" 1, ——i A,
5000 7500
0V £ 2500 21k ffidc
12500
2 # Ay # 3
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Since the 40 mA source is developing 0 W, v; must be 0 V.
Since vy is known, we can sum the currents away from node 1 to find wo;

thus:
0—(7T04+1v2) 0— vy 0
— —0.04=0
500 * 250 * 750
Vo = 30V

Now that we know v, we sum the currents away from node 2 to find vs;
thus:
Vo +70—0 wo—0 vy — s

=0
500 * 250 * 1250

Vg = —80V
Now that we know vs we sum the currents away from node 3 to find #q4c;
thus:
U3 Vg — V2 .
c = 0
1000 1250

tgc = 0.12 = 120 mA

P 4.58 [a] If the mesh-current method is used, then the value of the lower left mesh
current is i, = 0. This shortcut will simplify the set of KVL equations.
The node-voltage method has no equivalent simplifying shortcut, so the
mesh-current method is preferred.

[b]
Wy
300
iz
L o * ol o
= 100
D23V /_\/ /@?
| = /_\/ dc
1
(y46v :
i\?\,ﬂ i i\iﬂ

Write the mesh current equations. Note that if 7, = 0, then i; = 0:

—23 + 5(—iz) + 10(—i3) + 46 = 0
30y + 15(iy — 43) + iy = 0
Vie + 2563 — 46 + 10i3 + 15(i3 —i2) = 0
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[c]

P 4.59 [a]

CHAPTER 4. Techniques of Circuit Analysis

Place the equations in standard form:
i2(—=5) +i3(—10) 4+ Vg(0)
i2(30 + 15 4+ 5) + i3(—15) + Vac(0)
i2(—15) 4+ i3(25 + 10 + 15) + Ve (1)

Solving, 12 = 0.6 A; i3 = 2A;

—23
0

46
Vie = —45V

Thus, the value of Vg, required to make i, =0 is —45 V.

Calculate the power:

pasv = —(23)(0) =0W

ey = —(46)(2) = —92W
pvae = (—45)(2) = —90W
paa = (30)(0.6)2 =10.8W
o = (5)(0.6)2 =1.8W

pisa = (15)(2—-0.6)2 =29.4W
poa = (10)(2)2 =40W

poa = (20)(0)2=0W

psa = (25)(2) = 100W

D Pdev = 92+ 90 = 182 W

> pais = 10.8 + 1.8 +29.4 + 40 + 0 + 100 = 182 W (checks)

: 35V :
SkQ 10kQ é 15kQ
_I_
40V 30kQ 2 BKQZY, A
15k€2
A
SmA () 15kQz 30kQ 2 25k v,

1) 1mA
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Problems 4-63

10kEY 15Kk
Ay Wi

+
50V{E) 25kQz v, @1mA

+ +
2mA (D 25kQs 25kQz vy, @ 1mA —= ImA 125Kz v,

v, = (12,500)(0.001) = 12.5V

[b]
o 35V i
IO&MQ & 1_&“@
A i +
Q. gma®d 30kQ2 = | 331{@§i0 @ 1mA
R n TSB limA
500077 + 40,000z2 — 30,000i3 = 35
19 — 21 = 0.008
—30,00075 + 70,000¢3 = 25
Solving,
11 = —5.33mA; 1o = 2.667mA; i3 = 1.5mA
v, = (25,000) (73 — 0.001) = (25,000)(0.0005) = 12.5V
P 4.60 [a]
A A A
10kt 3k okl
50v (3) 2150 (Quma  F 200 \\/ 15k (3
Bl iD
e
i i
3kl skl
SmIL\.@ §6]«:Q @) 1ma, § 20Kk \\/ 15k ()
gk} lD
i
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4-64 CHAPTER 4. Techniques of Circuit Analysis

A R

15k (3 Skl
sov( DOima T 20k0 \L 15k}
il:\
Ay
5ki)

ZmA,TD §15kﬂ @DlmA § 20kl \\/ 15k}

Wiy &
20kL
| 0.75ma
15V (2 2 200} J/ 1560 DI STy \L 15k ()
i i
-
10ki?
— 7.5V \L 150
iD
7.5
o = = 0.3mA
"= 95,000 o
[b]
i ,{ i
]
7 A i A &
10k £ 3k0 . S5kl
S50V () :§151~:D (D1 :gznkﬂ \L§15kﬂ
= a
— 1
- | &—1i, - J/a 0.3m&
oy -
Bk}
va = (15,000)(0.0003) = 4.5V
Vs
by = = 225 uA
! 20,000 ~ 220H
i, = 1+0.225+0.3 =1.525mA
v = 5000(0.525 x 1073) + 4.5 = 7.125V
ve = 3000(1.525 x 1073) + 7.125 + 6000(1.525 x 10~3) = 20.85V
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Problems 4-65

20.85 — 50

iy = /= _2915mA
10,000
psov = (50)(—2.915 x 1073) = —145.75 mW
Check:
pma = (7.125)(1073) = 7.125 mW
Y Piev = 145.75mW
S Py = (10,000)(2.915 x 1073)2 + (20.85)2/15,000 + (9000)(1.525 x 10~3)?

+ (5000)(0.525 x 1073)2 + (20,000)(0.225 x 1073)?
+ (15,000)(0.3 x 107%)? 4+ 7.125 x 107°
= 145.75mW

P 4.61 [a] Apply source transformations to both current sources to get
i ® A ® Ay
3300 150¢2 2700

8.25v() f— ()675v

_ (6754825
330 + 150 + 270

o

[b]

25ma () £3300 22700 (1) 25ma

The node voltage equations:

U1 V1 — V2
0.025 + — =
+ 330 + 150

V2 V2 — U1
270 150
Place these equations in standard form:

1 1 1
BV Y

—-0.025 = 0

330 150 150

1 11
. =) = 0025
v ( 150) M (270 * 150)
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4-66 CHAPTER 4. Techniques of Circuit Analysis

Solving, v; = —1.65 'V, vy =1.35V

V2 — U1

lp = 50 = 20mA
P 4.62 [a] Applying a source transformation to each current source yields
€ 50 80 o =i,
1701
129 2150
341?%)

Now combine the 12 V and 5 V sources into a single voltage source and
the 6 €2, 6 2 and 5 € resistors into a single resistor to get
M

1700 1

17V =150

34V

J

Now use a source transformation on each voltage source, thus

=1,

1;."'—‘16-\:) §1Tﬂ @’23}1 §1?Q §1.5Q

which can be reduced to
% iD
2@ 2850 2150

8.5
= —2(1) = —0.85A
! oY
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Problems 4-67

[b]
S
1a
0 | 5
%in
=170
2R BOE £150Q
(3av
ia il:-
i, — 171, =124+ 5+ 34 =51
—171, + 18.5%, = —34
Solving, i, = —0.85 A =1,
P 4.63 [a] First remove the 162 and 260 €2 resistors:
60 60 50 ey —>1i,
1760
12v () %50
34*@(?

Next use a source transformation to convert the 1 A current source and
40 2 resistor:

iy

170 —i

17v() £150

which simplifies to

=T,
IAG\ = 1700 C‘“—L’ZA 1700 =1.50

250
b= 222 (480) = 400V
Vo = 350 430)
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4-68 CHAPTER 4. Techniques of Circuit Analysis

[b] Return to the original circuit with v, =400 V:

| —>1,
14 =350 =150
520
o= — +1.6=36A
9= 560 T

Ps2ov = —(520)(3.6) = —1872W

Therefore, the 520 V source is developing 1872 W.
[c] v1 =—520+1.6(4+250+6) = —104V

vy =1 — 1(16) = —104 — 16 = —120V
pia = (1)(=120) = —120 W

Therefore the 1 A source is developing 120 W.
[d] Y paey = 1872 4+ 120 = 1992 W

) (104)2  (520)? ) B
> paiss = (1)%(16) + 0 T o T (1L6)%(200) = 1992W

Zpdiss = Zpdov

30
P 4.64 vm, = 5(80) =60V

(30)(10)
40

Ry, =25+

P 4.65 Find the open-circuit voltage:

v, 2k()
AW ®a
+
75 mA 4 kQ 31(0 voc
eb
U1 U1 .
—0-075+ T500 " 5000 —

STUDENTS-HUB.com Uploaded By: Jibreel Bornat



Problems 4-69

3000
v1 = 166.67V; SO Voe = ——v1 = 100V
5000
Find the short-circuit current:
2kQ)
'A% % a
75mA(D 4kQ  3kQ) I
b
400012000
« = ——(0.075) = 50mA
! 5000 (-075) =50m
Thus,
Voe 100
In = i = 50mA; Ry=—=——==2kO
N o N e 005
@A
50mA 2k
eob
P 4.66
in
)
W
Wi, i,
100 8(2
g0 VC_ W §40Q Ise isc

9077 — 40zs. = 60 + 40
—40%1 + 48igcs = 32

Solving, lee = TA
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4-70 CHAPTER 4. Techniques of Circuit Analysis

Ry, =8+ (10;)(()40) =162
92
TAT 2160
ob

P 4.67 After making a source transformation the circuit becomes

300V
- '\"\"\\r
U/_\/son
i2
Wi, A , =
g0 5.201 +
500V /—\/ 21200
VTh
i -
ob

500 = 2077 — 8ig
300 = —8iy + 43.219

71 =30A and 79 = 12.5A
vy = 1247 4+ 5.2i0 = 425V

Ry = (8|12 4 5.2)[|30 = 7.5Q

750
425V(2)

—.b

P 4.68 First we make the observation that the 10 mA current source and the 10 k2
resistor will have no influence on the behavior of the circuit with respect to
the terminals a,b. This follows because they are in parallel with an ideal
voltage source. Hence our circuit can be simplified to
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Problems 4-71

A & a
15k 02
30v @3nr  Zs5x0
3
or
®a
Zmalf Zlepn W3mA £5k0
o5

Therefore the Norton equivalent is
L =

(IMmn 2 3.75k0

L Js]
P 4.69
1:}lTh E—
M@ J/
+ i1
Vi & 100V z 20102
L

i =100/20 =5 A

100 = UTh — 5RTh, VUTh = 100 + 5RTh

i

Vi, (O 200V §5oﬂ

ip =200/50 =4A

200 = UTh — 4RTh, VUTh = 200 + 4RTh
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4-72 CHAPTER 4. Techniques of Circuit Analysis

100 + 5R1y, = 200 4+ 4R1y, SO Ry, = 10092

vrp = 100 + 500 = 600 V

Ay ® 2
1000
600V(?
&b
P 4.70
R, 2%
Ay ———
+
Vo () 12.5V  £6.250
#
12.5 = UTh — QRTh
Ry 18R
A, ———
+
Vo, ) 117V 20.65Q
&

11.7 = UTh — 18RTh
Solving the above equations for Vi, and Ry yields

VUTh = 12.6 V, RTh = 50mQ
Iy =252, Ry = 50m{2

P 4.71 First, find the Thévenin equivalent with respect to R,.

A

i 4
1200 | 40Q BOC 12000 | 400
Jma (5 21000 Zaoo0 (D18ma 22400 "XR, 2.4V (Pritma £2400 "SR
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Wy .
400

12ma (7 g2000 (PlfmA 22400 "SR N
25ma (f 22400
Ro(Q) | ip(mA) | vy(V)

100 13.64 | 1.364

120 12.5 1.5

150 11.11 | 1.667

180 10 1.8

Ay &
zoogy 400
Y 24002 "SR

Problems 4-73

2082

1
22400 HR s, W g% T} "SR,

P 4.72 [a] First, find the Thévenin equivalent with respect to a,b using a succession
of source transformations.

Ay =1
1kQ2
0ma @) 4k0QF  25mAlD 45Kk QF
*b
5k 0
2
sov(Ey 45Kz
oD
4.5EQ
Al =
542}
ob
VUTh — 54V RTh = 4.5k
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4-74

[b] %error = (

P 4.73

U1

V2

18V % &2
+

CHAPTER 4. Techniques of Circuit Analysis

s4v(*) . 85 5k 0

54
meas = —(85.5) = 51.3V
! g0 (85-5)

51.3 —5H4

100 = —
71 >>< 00 5%

200
2 (18) = 5.14
g (18) =5.143V

1200

“Z(18) = 5.1
o0z (18) = 5130V

VTR = U1 — Vg = 5.143 — 5.139 = 3.67TmV

(500)(200) |, (3003)(1200)

Ry, = — 1000.24Q
Th 700 4203
1000.24 2 i,
" .
3.67mv() 50€2
b
3.67 x 1073
= _35uA
‘el = 050,24 "
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P 4.74
2.5&9
—
1
100v(¥) 5Nz <7
10 v,

Problems 4-75

4k(]
ey ®a
+
v, §5k£‘2
oL

OPEN CIRCUIT

100 = 25004, + 625(i; + 10~ %vy)

6000

Vo = m(E)OOOZl)
Solving,
11 = 0.02A; Vg = Uge = 60V

SHORT CIRCUIT

vy = 0: T = 50002’
2T ¢ 4000
100
= — = 0.032A
U7 9500 + 625
Thus,

5
lsc = Zz'l =0.04 A

60

Ry, = — = 1.5k

a0V
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4-76 CHAPTER 4. Techniques of Circuit Analysis

P 4.75
0.2i,
A\
2kl 1 2kl )
@~ @ a
—
I
280V (%) TZ]{O £ 5.6k()
= 'y
The node voltage equations and dependant source equation are:
v1—280+ U1 +v1—v2+02. 0
2in =
2000 2000 2000 2
Vg — U1 V2 .
—0.2 = 0
2000 ' 5600 A
X . 280 — V1
A ~ 72000

In standard form:
280

1 1 1 1
) 4ia(0.2) = =2
u (2000 o000 T 2000) M ( 2000) +a(0-2) = 5555

(1>+(1+1>+'(02)—0
U\ 72000/ T \2000 " B600) T AV T
1 280
- (1) = ——
u (2000) +02(0) +ia(l) = 5555
Solving, v =120V; vy =112V; ian =0.08A
VTh:'U2:112V

%u.ziﬂ
D.ziQ
2k 210
YYD SYYY *

I |

o
280V () i@ 2ok §W Isc

The mesh current equations are:
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—280 + 20007 + 2000(
2000(ise — 0.2ia) + 200

Problems 4-77

'éA - Z.SC)

0(isc — in)

Put these equations in standard form:

ia(4000) 4 ix(—2000) = 280
ia(—2400) + 45 (4000) = 0
Solving, i = 0.1 A; 1sc = 0.06 A
112
= —— = 1866.67 2
Th = 5706 866.67
®a
6 0ma (" £1866.670)
ehb

P 4.76 [a] Find the Thévenin
ammeter. This is

equivalent with respect to the terminals of the
most easily done by first finding the Thévenin with

respect to the terminals of the 4.8 (2 resistor.

Thévenin voltage:

note 14 18 zero.

a

Ay b Ay
24

1662
1000 Ytn o 250
b
UTh ~ UTh  UTh . Urth — 16
ZTh  YTh | YTh -0
100 + 25 + 20 + 2

Solving, v, = 20 V.
Short-circuit current:

251
12 .
> o 2
22 /NN 492 g5
-y (% 0a sc
245y 2160
10062 \l/ 250
iSC:
b
lse = 12 + 2ig, lee = —12A
20
Ry =——=-(5/3)Q
Th 13 (5/3)
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4-78 CHAPTER 4. Techniques of Circuit Analysis

(5131 4 480 -
Ay L Ay L g
20v() m
b
3130 .
iy *
— 6
200 ™
‘ »
20

Rtotal - F - 3339

Riyeter = 3.33 —3.13=0.2Q

[b] Actual current:

3130 5
% Sy .
20\%} \\/
‘ lact
20
actual = —— = 6.38 A
factual = 373
6 — 6.38
% error = 633 x 100 = —6%

P 4.77 [a] Replace the voltage source with a short circuit and find the equivalent
resistance from the terminals a,b:

R, = 10”30 +25=100Q

[b] Replace the current source with an open circuit and the voltage source
with a short circuit. Find the equivalent resistance from the terminals

a,b:
R, = 10”40 +8=160Q
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Problems 4-79

P 4.78 [a] Open circuit:

A
2000
vy 1.8% W
A, . =) 'Y *
507 n
ov i £ 25() T6000 v,
10f) -
iy *
v
V2 -9 V2
— —1.8=0
20 * 70
Vo = 35V
60
VUTh = %'Ug =30V
Short circuit:
200 Ty
\.-"1 1.82 \,.'2
M il
501
QVC 25Q §EDQ \L
iSC
iSC
v 100 b
V2 -9 V2
— —1.8=
20 * 10 8=0
Vo = 15V
9-—-15
s = — =—0.3A
! 20
lee =1.8-03=15A
30
= — =200
B = 75 =20
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4-80 CHAPTER 4. Techniques of Circuit Analysis

[b]
A
200
W o L .
54
§25Q §rinQ R,
1003
w i

Ron = (20 +10/|60 = 20Q (CHECKS)

P 4.79 Vi, = 0, since circuit contains no independent sources.

: 1500
1
= A
2000 5082 a
le AW AN\ O
L]
y 1A
1000 3 2507, t
O
b

— 2501 —
TG zA+v1 Ut:O

100 * 200 150
vy — v v — 2501
—1=0
150 * 50
N
AT 50

In standard form:
(1+1+1>+(1>+,(250>_0
“1\700 " 200 " 150/ T\ 150/ T2 T 200) T
(1)+ (1+1>+,<250>1
v|l—— )+ |—+—=)+ia|l——) =
'\ 150 *\150 ' 50 A\ 50

o (—i> o (%) Fia(=1) =0
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Problems 4-81

Solving,
vy =T5V; v, = 150V, in=05A

Ut

Rry, = — = 1500}
Th 1A

1500)

A, & g

L ]

P 4.80 Since there is no independent source, Vi, = 0. Now apply a test source at the
terminals a,b to find the Thévenin equivalent resistance:

i 280 9 240 g
AN, ——8— AN, ——@

0Q .\
§1OOQ $§500 "t G LA
131, -
® @
b
vp  n+ 13, v —v
100 0 a0
V2 — U1 V2
= 1=
20 50 0
_
= 50
Solving,

v =24V:  wy=16V; i, = 0.32A

vy — 24(1) = wvy; SO vy =16+24=40V
Uy

Ry = — =40Q

T™h = TA

The Thévenin equivalent is simply a 40 resistor.
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4-82 CHAPTER 4. Techniques of Circuit Analysis

P 4.81 Vi, = 0 since there are no independent sources in the circuit. Thus we need
only find Rry,.

5000 v 5
AM *
+
250i,{ 15, 437500 v, Oa
i B
L
v b
v — 2501, ) v
VO i 1 =0
500 Ol 720
. v
Iy = =—
750
Solving,
v = 1500V; i, =2A
Ry = —— = 1500 = 1.5kQ
™=y T T
1.5k}
Yy ®:
b
P 4.82 [a]
A A L ]
2.4k (] 1.6k}
Z4.8k() 2kl £ g
1.8kl]
by Py

Ry, = 5000]|(1600 + 2400(|4800 + 1800) = 2.5k

R, = Ry, = 2.5k
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Problems 4-83

[b]
i p————
2.4k0) 1.6k} +
ROV
2 - Z4.8k0) (1)15mA ﬂ/ 2 sk v
1.8k0
Ay ®

7200¢; — 4800i2 = 60

—48007; + 48001 + 840073 = 0

1o — i3 = 0.015

Solving,

11 = 19.4mA,; 19 = 16.6 mA; i3 = 1.6 mA
Uoe = 5000i3 = 8V

® —5 1., Gmk

2.5k0)

BV 2. 5x(IE

Pmax = (1.6 x 107%)%(2500) = 6.4mW

[c] The resistor closest to 2.5k2 from Appendix H has a value of 2.7kQ). Use
voltage division to find the voltage drop across this load resistor, and use
the voltage to find the power delivered to it:

2700
= 2 (8)=4.154V
V2T 5700 + 25000
(4.154)?
— — 6.391 mW
P2.7x 2700 m

The percent error between the maximum power and the power delivered
to the best resistor from Appendix H is

6.391
% CeIrror = (6—4 — 1) (100) = —01%
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4-84 CHAPTER 4. Techniques of Circuit Analysis

P 4.83 Write KVL equations for the left mesh and the supermesh, place them in
standard form, and solve:

e Ml
2.4k} 1.6k0)
60V (2 = 4.0k (P)15md = sk(] = 2.5k0
1.8k}
A
At iy — 60 + 24007, + 4800(2'1 — z'g) =0

Supermesh: 4800(i2 — 1) + 160073 + (50001/2500)i5 + 1800i3 = 0
Constraint: i —13=0.015=0

Standard form:

11(7200) + i9(—4800) + i3(0) = 60

i1(—4800) + i2(4800) + i3(5066.67) = 0

i1(0) +ia(1) +i3(—1) = 0.015

Calculator solution:

11 = 19.933 mA; 19 = 17.4mA; 13 = 2.4mA
Calculate voltage across the current source:

V1sma = 4800(i1 — iz) = 12.16 V

Calculate power delivered by the sources:

Prsma = (0.015)(12.16) = 182.4 mW (abs)

peov = —60i; = —60(0.019933) = —1.196 W (del)

Pdelivered = 1.196 W

Calculate power absorbed by the 2.5k(2 resistor and the percentage power:

5000”2500.
= —— 43 =1.6mA
125k 9500 13 m

P25 = (0.0016)%(2500) = 6.4 mW

0.0064

% delivered to R,: 1796

(100) = 0.535%
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Problems 4-85

P 4.84 [a] From the solution to Problem 4.71 we have

Ro(Q2) | po(mW)
100 | 18.595
120 | 18.75
150 | 18.52
180 18

The 1202 resistor dissipates the most power, because its value is equal to
the Thévenin equivalent resistance of the circuit.
[b]
B (mW)
20.00

18.595 18.7%
18.52 18

18.00
16.00
14.00
12.00
10.00
8.00
6.00
4.00

2.00

R (02
0.00 o (£2)

T T T T T T T T T T T T T T T T T T T T
¢ 10 20 30 40 50 60 70 B8O 90 100 110 120 130 140 150 160 170 180 190 200

[c] R, =120Q, Po = 18.75 mW, which is the maximum power that can be
delivered to a load resistor.

P 4.85 [a] Since 0 < R, < oo maximum power will be delivered to the 6 € resistor

when R, = 0.
2
[b] P = % =150 W

P 4.86 [a] From the solution of Problem 4.75 we have Ry, = 1866.67 Q2 and
Vin = 112 V. Therefore
Ro — RTh = 186667Q

(56)°

=1.
1866.67 8 W

[b] p=
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4-86 CHAPTER 4. Techniques of Circuit Analysis

[c]

280v () Tzkn £ 5. 6k() 1866.67()

v b

The node voltage equations are:
v — 280 1 V1 — V2 .
0.2 = 0
2000 2000 © 2000 A

V2 — U1 V2 V2
2000 + 5600 + 1866.67

The dependent source constraint equation is:
280 — V1

02ia = 0

in =
Place these equations in standard form:
280

1 1 1 1
) +ia(0.2) = =2
i (2000 2000 " 2000) i ( 2000) +ia(0-2) = 5505

1 1 1 1
- A (—0.2) = 0

v ( 2000) + 2 (2000 5600 1866.67> +ia(=0.2)

1 (1) 4 va(0) + 4 (2000) = 280

Solving, wv; = 100V; vy = 56 V; ia =90 mA
Calculate the power:

pasov = —(280)(0.09) = —25.2 W

Pdep source = (’Ul - 'U2)(022A) =0.792 W

S Paev = 25.2W

1.68
% delivered = 353 % 100 = 6.67%
[d] The 1.8 k€2 resistor in Appendix H is closest to the Thévenin equivalent

resistance.

[e] Substitute the 1.8 k{2 resistor into the original circuit and calculate the
power developed by the sources in this circuit:
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Problems 4-87

0.21,
-~
2k |1 2kQ 2 a
Ay ———— S
—
L
260V () §2kﬂ £o.6k) 21.8k0
v b

The node voltage equations are:

v, — 280 U1 V1 — Vg )
02is = 0

2000 2000 "~ 2000 T -4
A L LB P T — 0

2000 5600 = 1800

The dependent source constraint equation is:

. 280—’111
in=—F—
Place these equations in standard form:
(1 L 1>+ ( 1>+,(02)_280
“1\2000 " 2000 " 2000/ " >\ 2000/ """ T 2000

(1>+(1+1+1>+'(02)—0
I\ 72000/ T \2000 T 5600 T 1800/ T AV T
(1) + 12(0) + i (2000) = 280

Solving, vy = 99.64V, vy = 54.98 V; ia =90.18 mA
Calculate the power:

Pasov = —(280)(0.09018) = —25.25 W

3 Paev = 25.25mW

1.68
pr = (54.98)/1800 = LGS W % delivered = zZ—= x 100 = 6.65%

P 4.87 [a] Open circuit voltage

15(1 Vy 501 Vq
Ay '
toV T < i,

110 VC 0.1y

®
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4-88 CHAPTER 4. Techniques of Circuit Analysis

Node voltage equations:

v, — 110 V1 — V2
— —0.1 =
5 0.1va + 0
Vg — U1 U2—|—3iA_0
5 g

Constraint equations:

V2 — U1
5 b

Solving, vo = 55 V = vy

Thévenin resistance using a test source:

1500 vy 51() Y
i

& s
& eif_\.

ZAZ ’UA=110—’U1

+ v

=
+

D.lvl,f_\. tG\lA

=

v

U1 V1 — Vg
— —0.1
At

vy — U1 U+ 3
5 8

=0

1=0

Vy — U1 )
5 )
Solving, vy =4 V.

ZA = VA —U1
Ry, = % — 40

R, = Ryy, = 49
[b]

55 (7 27.5V240)

2
Pmax = @ = 189.0625 W
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Problems 4-89

[c]
15(} Yy 51) Vs
+ v, - «— i, -
IV
110 v(; 0.1 27.5V 240
g0} -
3 P
V1 — 110 V1 — 27.5
o 0duat+ 22—
15 vat 5

va = 110 —

Solving, v; = 65 V,

65 — 110
1 P e ——— A
1110V 5 3
priov = 110(—3) = =330 W

27.5 —
= 200205 e
5

27.5 4+ 31

icovs = % —0.625A

peevs = —[3(—7.5)](0.625) = 14.0625 W
pvees = —[0.1(45)](65) = —292.5 W
> Paev = 330 +292.5 = 622.5 W

189.0625
% delivered = m x 100 = 3037%
P 4.88 We begin by finding the Thévenin equivalent with respect to R,. After making
a couple of source transformations the circuit simplifies to

1x

300 ¢
o0t
160v 306k v,
160 — 30z )
A 50 A
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4-90 CHAPTER 4. Techniques of Circuit Analysis

Vin = 20ia + 3014 = 50ia = 100V

Using the test-source method to find the Thévenin resistance gives

i i

& T
LRI !
o0 7
é'lOUQ 301 vT

_ur | vr = 30(=vr/30)
30 20

Thus our problem is reduced to analyzing the circuit shown below.

7.50

100w 5

100 \2
—(—= ) R =250
P (7.5+R0>

10

R, = 250
R2 + 15R, + 56.25

10*R,

= R?> + 15R, + 56.25
250 ot *

40R, = R2 + 15R, + 56.25

R% — 25R, + 56.25 = 0

R, = 12.5 +v/156.25 — 56.25 = 12.5 £ 10

R, =2250Q

R, =250
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Problems 4-91

P 4.89 [a] First find the Thévenin equivalent with respect to R,.
Open circuit voltage: iy = 0; 184¢ = 0

(> s
_________________________ N
' V1 E _ ‘.F&+ a UZE
o D ;
L. 200 20 80)
£160) y180v 100 0.1v,
Py
hd v

U1 V1 — 180 V1 — 180 U1

— — —0.1vp =
620 T 10 19 %va=0
v — 180
10

v = 80V; va = —20V

vA (2) = 0.2v; — 36
Vrn = 180 4+ va = 180 — 20 = 160V

Short circuit current

_____________ BN ]

E V1 E h V& + a UZE

i Ay iy ;

1.0 200 20 80) '
2160 180V i 2100 0.1v,

180
o L L 01(=180) =0

16 20 8 10
Vo + 184’l¢ = U1

180
s =+ % — 90 + 0.1250,

vy =—640V; v = 1200V
iy =i =10A
Ry = Vi Jise = 160/10 = 16Q

R, =160
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4-92 CHAPTER 4. Techniques of Circuit Analysis

[b]
A &
1600 4+
160V(* Y £160
>
Pmax = (80)?/16 = 400 W
[c]

0.1v

1 V1 — 180 Vo — 80 V2
— — —0.1(80 — 180) =0
16 + 20 + 8 + 10 ( )

vy + 184iy = v1; iy =80/16 =5 A

Therefore, v1 = 640V and vy = —280 V; thus,

. 180 —80 L 180 — 640
T 20
P1sov (dev) = (180)(27) = 4860 W

=27A

P 4.90 [a] Find the Thévenin equivalent with respect to the terminals of Ry,.
Open circuit voltage:

-
_ 300}
-l Ty
i} i
— iy : & —w—

450]

6007
36KV () /_\/ Z 3000 /_\/
ll 13

1501

+
=)

300 15{1
iy, P—’W\«i

The mesh current equations are:
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—3600 + 45(iy — i2) + 300(iy — i3) + 301, =
30i5 + 60(io — 13) + 45(ia — i1) =
—150i5 + 1513 + 300(i3 — 1) + 60(i5 — i2) =
The dependent source constraint equation is:
ig =11 — 12
Place these equations in standard form:
i1(45 + 300 + 30) + ia(—45) + i3(—300) + i5(0)
i1(—45) + i2(30 + 60 + 45) + i5(—60) + i5(0)

Problems

= 3600
= 0

i1(—300) + i2(—60) +i3(15 + 300 + 60) +ig(—150) = 0

i1(1) +ia(—1) +43(0) +ig(—1)
Solving, i3 =99.6A; iy =T8A,;
Virn = 300(; — i3) = =360V
Short-circuit current:

Sy
300}

5 1
% i z

]
Suuﬂé\i/
1

S

3.6kV{?

3060
i,

The mesh current equations are:
—3600 + 45(i1 — i2) + 30iy = 0
30iy + 60(ia —i3) +45(ia —i1) = 0
—150i5 + 1515 4 60(i3 — i2) = 0

The dependent source constraint equation is:

ig =11 — 12

Place these equations in standard form:
i1(45 + 30) + i2(—45) + i3(0) + i(0)
i1(—45) + i2(30 + 60 + 45) + i5(—60) + ig(0)
i1(0) + i2(—60) + i3(60 + 15) + ig(—150)
i1(1) +ia(—1) +43(0) +ig(—1)

Solving, i1 =92A; iy =T73.33A;

i = 100.8 A;

i5 = 96 A;

- 0
ig=21.6A

1501

3600
0
0

0
ig=18.6TA

4-93
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4-94 CHAPTER 4. Techniques of Circuit Analysis

1% —360
i = i1 —i3 = —4A;  Rpp = Z,Th = — =99
A &
904} +
360v () -180v £ 900)
&
Ry, = R, = 90 Q
1802
b| pmax = = 360 W
[b] p %0
P 4.91 [a] We begin by finding the Thévenin equivalent with respect to the terminals
of R,.
Open circuit voltage
316i&
+ -
i
" L &
160 320

400V () /rﬂiv §1SOQ/Pﬁ§p 200V

540 g 430}

The mesh current equations are:

260i; — 165 — 180i3 = —400
—16iy + 48iy — 32i5 + 316(i, —i3) = 0
—180i, — 32i5 + 260i3 = 200

Solving, 11 = 3 A; 19 = 17.5A; i3 = HA; ian=11 —i3=—2A
Also, Vi = Voe = 180iA = =360V
Now find the short-circuit current.

i2
S At
160 /;ﬁﬁx/ 320
400V (L) : i /’ﬂiﬁ’ 200V
1800 t 1,
640 480
A LW
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Problems 4-95

Note with the short circuit from a to b that ia is zero, hence 3164 is
also zero.

The mesh currents are:

8071 — 1619 + O3 = —400
—164; + 4812 — 32i3 = 0
021 — 3245 + 8013 = 200

Solving, i1=—bA; i,=0A; i3=25A
Then, 'éSC = ’él — ’ég = —75A

—360

RTh = ﬁ = 48Q

il &

480} +
-360V( -180V 480

r
-

For maximum power transfer R, = Ry, = 4812

1802
b max —
[b] p "

[c] The problem reduces to the analysis of the following circuit. In

constructing the circuit we have used the fact that in is —1 A, and hence
316ia is —316 V.

=675W

316V i
-+
=]
V. mg é\!‘é\fﬂ A
16 1
T+ |aren 2
400V (] 18002 180V E o0 D200V
1 l&\\/ Igz\l/

6400 45()
i, L A,

Using the node voltage method to find v; and vy yields

vy + 400 +v1+180 +v2+180 +v2+200 _
64 16 32 48

vy — v = 316

0

Solving, v; = —336 V, v = —20V.
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4-96 CHAPTER 4. Techniques of Circuit Analysis

It follows that
—336 +400

g, = o1 1A

, —20 + 200

Lg = — & - 3.75A
—20 + 180

) = —_— A

12 32 5

lds = —5—-37=-8T5A

paoov = —4007,, = —400W

poov = —200¢4, = =750 W

Dds = 316igs = —2765 W

S0 Pdev = 400 + 750 + 2765 = 3915 W

675
% delivered = %(100) = 17.24%

17.24% of developed power is delivered to load

[d] The resistor from Appendix H that is closest to the Thévenin resistance is
47 €. To calculate the power delivered to a 47 €2 load resistor, calculate
the current using the Thévenin circuit and use it to find the power
delivered to the load resistor:

—360

T 47 + 48
par = 47(3.7895)% = 674.9W

= 3.7895 A

47

Thus, using a 47 (2 resistor selected from Appendix H will cause 674.9 W
of power to be delivered to the load, compared to the maximum power of
675 W that will be delivered if a 482 resistor is used.

P 4.92 [a] By hypothesis i/ + i7 = 3 mA.

SmA
Py
R
2kC
b l
Z5k0 \f G
N

2
i = 5@ s mA; .. i, =3.5—1.25=225mA

(8)
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Problems 4-97

[b] With all three sources in the circuit write a single node voltage equation.
Uy Vp — 8
6 + 2
vp = 13.5V

+5-10=0

iy = % — 2.25mA

P 4.93 [a] 110 V source acting alone:

lr
— A i
50 50
+
110V et 3100 220
w
10(14) 35
R. = - 29
24 6
L 110 132

"T5135/6 13

35\ 7132\ 770
P (2) (22) 2 Yy Zsg.031v
! (6)(13) 13

4 A source acting alone:

4ar,
@

Wiy il
54l 20
+

v"§1OQ §12Q

5Q[/109Q = 50/15 = 10/3Q
10/3 +2 = 16/3Q
16/3||12 = 48/13Q)

Hence our circuit reduces to:
ar
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4-98

It follows that
vl =4(48/13) = (192/13) V

and

"
" -

5
v = L (10/3) = —=v! =

8 a
;o 110

v=v +v =

(16/3)

2

(Y
b :—:2
[b] p= 15 =250W

P 4.94 Voltage source acting alone:

450 fo1y

120
= =50V
13 13

CHAPTER 4. Techniques of Circuit Analysis

—(120/13)V = —9.231V

Al

B 10 R
45+ (545)10 45 +5

101

20

= —(—10) = =25V
20+60( )

Vo1

Current source acting alone:

45Q oy,

0.2A

iy

20
1
6%2 (o) A,
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Problems 4-99

Solving, vg = —7.25 V = v,9; v3 = —4.5V

. U3

w=——=—01A

o2 = Ty

_ 6020
=—(2)=15A

120 20 () 5

Vo = —20i99 = —20(1.5) = =30V
Vp = Vol + VUp2 = —2.5— 30 = —-32.5V
lo = 1p1 T2 =0.2+0.1=0.3A

P 4.95 6 A source:
102

%im

A, £ 200 2600 $50 300

30959600 = 40

20
ol = 6) =4.8A
o1 = 55550
10 A source:
102
’\Mn
—_>lﬂ
£ 200 L10n £ 40

4
iy = —(10) = 1.6 A

25
75 V source:
10 50 10
—'1 " |

%’\?03 ‘
2200 2 600 = 300 75VT —> 200 240 ?15;:\

1
o3 = ——(15) = —2.4A
fes = —25(15)

lo =T01 +lo2+lo3 =4.8+1.6—-24=4A
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4-100 CHAPTER 4. Techniques of Circuit Analysis

P 4.96 240 V source acting alone:

502 402

Ay iy
240V Vo1 2 2002

Fie 10

LAk S

20(5
o= 2940} = 60V
Ve = 57y 2075 )

84 V source acting alone:
50 40
A A ‘

+

Vo2 £ 200 4V
70 10

Ay Ay

20(/12

= (—84) =504V
1+4+20||12( )

Vo2

16 A current source acting alone:

502 y 4C2
Ay E Ay
+
Vo3 £ 200
y 70 10
1 Ay Ay \."3
164,
©
V1 — V2 U1
+2-16=0
) 7
V2 — U1 E Vo — Us —0
) 20 4
V3 — Vg V3
—+16=0
4 + 1 +

Solving, vy = 18.4V = v,3. Therefore,

Uy = Vgl + Uz + Vo3 = 60 — 50.4 + 18.4 = 28V
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Problems 4-101

P 4.97 Voltage source acting alone:

2.21,
N\
4EQ
j;M% :
25V 20k v,
.

0_2 o 0_2
Vol 5 Vol 22(’111 5)20

4000 +20,000_ “\ 4000

Simplifying HUe1 — 125 + w1 — 11vy, + 275 =0
Vo1 = 30V

Current source acting alone:

221,
%
410
iy
g .
SmA(L) v_,E 20k0
Vo2 Vo2 Vo2
0.005 — 2.2 =0
4000 * 20,000 * (4000)
Simplifying HVp2 + Vo2 + 100 — 11v,e =0
Vo2 = 20V

Vp = Vo1 + Vo2 = 30+ 20 =50V
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4-102 CHAPTER 4. Techniques of Circuit Analysis

P 4.98 90-V source acting alone:

+ vb_

A

1kld
Ay — iy
2k \Ll 4k’

90V () @ 2.5V, @

2k}
L

2000(i1 — i) + 2.5v, = 90

—20007; + 7000i — 4000i3 = 0

—4000i2 + 6000i5 — 2.5v, = 0

vp = 100074

Solving,

11 = 37.895 mA; i3 = 30.789 mA; i’ =141 — i3 = 7.105 mA

40-V source acting alone:

+ Ub_
oy
1k(}
Ay, — A
2k 1) \|/l 4k}
, v, 1 tr40v
iy (res By G
2k ()
AN

2000(i1 — i2) + 2.50, = 0
—20004; 4 70005 — 400075 = 0

—4000i2 + 600023 — 2.5v, = —40
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Problems 4-103

vp = 100074

Solving,

71 = 2.105mA; i3 = —15.789mA; i" =1ip —i3 = 17.895mA
Hence, =1 +1"=7.105+ 17.895 = 25mA

P 4.99 [a] In studying the circuit in Fig. P4.99 we note it contains six meshes and six
essential nodes. Further study shows that by replacing the parallel
resistors with their equivalent values the circuit reduces to four meshes
and four essential nodes as shown in the following diagram.

The node-voltage approach will require solving three node voltage
equations along with equations involving v,, v,, and .

The mesh-current approach will require writing one mesh equation and
one supermesh equation plus five constraint equations involving the five
sources. Thus at the outset we know the supermesh equation can be
reduced to a single unknown current. Since we are interested in the
power developed by the 50 V source, we will retain the mesh current iy,
and eliminate the mesh currents i,, i. and iq4.

The supermesh is denoted by the dashed line in the following figure.

—o— |
|+ SOV, |
|VX§[2UU/3)§__;> Vy§5DQ|
r———————‘l_ W ib h |
| (100h0 | T 5 !muQ
| o < J}H s
| .
S0i
:1-25"3 * (Do.9a FD £2500 FD N
| By, - I
| = 2 502 il !
| A,

[b] Summing the voltages around the supermesh yields
—1.250, + (100/3)ig + (200/3)iy + 50 + 50iy + 250(ie — ig) + 50ic = 0
The remaining mesh equation is
502, 4 350iq — 2507, = 0

The constraint equations are

;]_?) = 'éb — 'lc; 0.9 = z.c - 'éa; Uy = _(200/3)“’
vy = 504p; by = le — 1q
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4-104 CHAPTER 4. Techniques of Circuit Analysis

Solving,

1o = —0.3A; i, = —0.6A; 1. = 0.6 A; 1q=0.4A
Finally,

psov = D04, = =30 W

The 50 V source delivers 30 W of power.

P 4.100
10Q2
120V C)
V1 — 120 V1 — V2 V1 — Us
At vyg: =0
t o 0 T T
Vo — 120 Vo — 120 V2 — U1 V1 — Us Vo — Uy
At vy =0
b2 20 T 20 T T2 T
V3 — U1 V3 — V2 V3 — Uy V3 V3 — Vs
At vs: 2 =0
b T T T Tt 1o
V4 — U Vg — U3 Vg4 — Us
At vy =0
T T T}
Us — Vg4 Us — U3  Us
At vs: — =0
S T R T R
A calculator solution yields
v = 80 A; vy = 80 A;
vy =40 A; vy =40 A,
V5 = 20 A.
. V2 — U1 . V3 — Uy
= =0A; = =0A
T} T Ty
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P 4.101

120v ()

£ 360 FD v 2 360

1 +
‘D vz 270
1

020+ 5 _
v2§ 4502

§45QIF>

120v(Z)

The mesh equations are:
11(36.3) +i2(—0.2) +i3(—36) + i4(0) +
0.2) 4+ i2(45.3) 4+ i3(0) + i4(—45) +
36) +i2(0) + i3(72.3) + i4(—0.2) + i5
) + i2(—45) +i3(—0.2) 4 44(90.3) + i5

51

(
(=
i1(— (—
(0 (—4

51

Solving,

11 = 15.226 A; iy = 13.953 A;
Find the requested voltages:
vy = 36(i3 —i5) = 118.6 V

Vg = 45(’&4 — 25) =117.8V

V3 = 27’&5 = 234.8V

i5 = 11.942 A;

P 4.102 [a]
w2

2

vV — V2

(L —x)

v—v; v
2xr R

1 1 1 U1

V2
— + =+ = +

25(0) =
i5(0) =
36) =

5) =
i1(0) + i2(0) + i3(—36) + i4(—45) + i5(108) —

iy = 11.314 A;

2z R 2r(L —x) 2zr  2r(L — )

- ’UlRL + I’R(’Ug — ’Ul)
"~ RL + 2rLx — 2ra2

STUDENTS-HUB.com
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120
120

i5 = 8.695 A
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4-106 CHAPTER 4. Techniques of Circuit Analysis

[b] Let D = RL + 2rLz — 2rz?
dv  (RL+2rLx — 2rz?)R(ve — v1) — [1 RL + xR(v2 — v1))2r(L — 2x)

dx D2

dv )

— = (0 when numerator is zero.

dx

The numerator simplifies to

2 2Lv, - RL(vy — vy) — 2rv, L2 _0
(vg — vy) 2r(ve — v1)

Solving for the roots of the quadratic yields

L R
— —v1 + Y e )2
v Vg — U1 { " \/Ulvz 2rL (v2 = 1) }

L R
[c] = = p— {—m + \/vlvg - ﬁ(vl —’112)2}

vy = 1200V, v = 1000V, L =16 km
r=5x10"°Q/m; R=39Q

L 16,000
— ! = 80, V1V = 1.2 x 106
vs —vr 1200 — 1000
R ) 3.9(—200)2 .
Uy — )2 = — 0.975 x 10
2L ) = 0% 1075)(16 x 107 %

z = 80{—1000 £ V1.2 x 106 — 0.0975 x 106}
= 80{—1000 + 1050} = 80(50) = 4000 m

d]
o vy RL + R(ve — vy)x
Ummin = RL + 2rLx — 2rx?
B (1000)(3.9)(16 x 10?) + 3.9(200)(4000)
N (3.9)(16,000) 4+ 10 x 10~5(16,000)(4000) — 10 x 10=5(16 x 106)
= 975V
P 4.103 [a]
R 1L
A &
+
Vi o a0V 204
.
60 75 — 60 15
oc = Virn = 75V, i, = — = 3A; = =
(% Th L 20 L R R
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Problems 4-107

1
Therefore Rty = ; =50

. Vo VTh_'Uo
b] i = o = [Tt
[b] iz Ry Ry

Therefore Ry = Vin — v = (VTh — 1) Ry,
'UO/RL Vo

P 4 104 d’U1 _ —Rl [Rg(Rg + R4) + R3R4]

’ dl;i (Ri+ Ro)(Rs+ Ry) + R3Ry
dvy RiRsRy

dlys  (Ri+ R2)(Rs+ R4) + R3R4
dvy N —R1R3Ry

dlyy  (Ri+ Ry)(Rs + Ry) + R3Ry

dvs RsRy(R1 + R»)

Al (Ri+ Ra)(Rs + Ri) + RsRy

P 4.105 From the solution to Problem 4.104 we have

dv,  —25[5(125) +3750] 175
= = =2 V/A =—145833 V/A
dly — 30(125) + 3750 1 v/ /

and

dvy  —(25)(50)(75)
- = —125V/A
dl, ~ 30(125) + 3750 5V/

By hypothesis, Al; =11 —12=—-1A
175 175

Avy = (——=)(—1) = — = 14.583V
0= (- 1=
Thus, v; = 25 + 14.583 = 39.583V

Also,

Avy = (—12.5)(=1) = 12.5V

Thus, vo =90 4+ 12.5 = 102.5V
The PSpice solution is

v] = 39.583V
and
vy = 102.5V

These values are in agreement with our predicted values.
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4-108

P 4.106

P 4.107

STUDENTS-HUB.com

CHAPTER 4. Techniques of Circuit Analysis

From the solution to Problem 4.104 we have

dvy  (25)(50)(75)

= = 12. A
dlgs  30(125) + 3750 5V/
and
dvy (50)(75)(30) 15 V/A

dly — 30(125) + 3750
By hypothesis, Aljp =17 -16=1A
Av; = (12.5)(1) = 12.5V

Thus, v1 =25+ 125 =375V
Also,

Av, = (15)(1) = 15V

Thus, vo =90+ 15=105V
The PSpice solution is

v1::37£YV
and
vy = 105V

These values are in agreement with our predicted values.

From the solutions to Problems 4.104 — 4.106 we have

dUl 175 dUl

- =T " V/A: — =125 V/A
dl 7 VA dly /
dvg dvg

— = —12.5 V/A; — =15V/A
dl /A dly /

By hypothesis,
Aly=11-12=—-1A

Al =17—16=1A

Therefore,
1
Av, = % +12.5 =27.0833V
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Problems 4-109

Ave =125+ 15 =275V

Hence

v = 25 4 27.0833 = 52.0833V
vy =90 4 27.5 =117.5V

The PSpice solution is

v; = 52.0830V
and
vy = 1175V

These values are in agreement with our predicted values.

P 4.108 By hypothesis,
AR, =275—-25=250Q
ARy =45—-5=-0.50Q
ARz =55—-50=50Q
ARy =675—-T75=—-7.50Q
So

Awy = 0.5833(2.5) — 5.417(—0.5) + 0.45(5) + 0.2(=7.5) = 4.9168 V
vy =25+ 4.9168 = 29.9168 V

Avy = 0.5(2.5) + 6.5(—0.5) + 0.54(5) 4 0.24(—=7.5) = —=1.1V
vy =90 —1.1=88.9V

The PSpice solution is

v = 29.6710V
and
v = 88.5260V

Note our predicted values are within a fraction of a volt of the actual values.
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