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Techniques of Circuit Analysis

Assessment Problems

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

Yi 500 Yz
W .
% |1 ‘

15A(F) 2600 E15Q 220 % 5A

The two node voltage equations are

1 V1 V1 — U2

—154 =+ — = 0
+60+15+ 5
(%) Vo — U1

o+ — = 0
+2+ )

Place these equations in standard form:

1 1 1 1
w(gtsts) +oe(s)
1 1 1
o (-5) + ()
Solving, v; = 60 Vand vo = 10V;
Therefore, i1 = (v —vy)/5 =10 A

[b] pisa = —(15 A)vy = —(15 A)(60 V) = —900 W = 900 W(delivered)
[c] psa = (5 A)vy = (5 A)(10 V) = 50 W= —50 W(delivered)
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AP 4.2 Redraw the circuit, choosing the node voltages and reference node as shown:

v [ Y
e
+

4 551 10

' <
L

a

i
)
o

=

=

v

The two node voltage equations are:
v U1 — V2

—4.5+ — 0
+1+ 6+ 2
V2 | V2 — vy —30 0
12 642 4 -

Place these equations in standard form:

(140) e w(-1)
8 8
1 1 1 1
wl-g) + ul+sta)
Solving, v; =6V V9 =18V
To find the voltage v, first find the current ¢ through the series-connected 6 2 and 2 2

4.5

7.5

resistors:
— —1
g 0218 o
6+ 2 8

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

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

3i,

6O v, 20 |

ST
50\:*? 280 240 ‘SA

The node voltage equations are:
V1 — 50 U1 V1 — VU2 R

— -3 = 0
6 32 "

() Vo — U1
-5 =
* 4 i 2

+3; = 0



Problems

The dependent source requires the following constraint equation:
. 50—

i1 = 5

Place these equations in standard form:

1 1 1 1 50
U1 < + -+ ) + Uy <—2> + 21(—3) —

6 8 2 6
( 1) + 1 1) + 1(3) =5
U1 5 Vg <4 + 5 (31 =
1 i 50
U1 (6) + UQ(O) + 21(1) = E

Solving, v; = 32V, V9 =16V, i1=3A
Using these values to calculate the power associated with each source:

psov = —H0i; = —150W
psa = —5(vg) = —80W
3y = 3i1(ve —wvy) = —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:

3062
Al

100wy 2002
Ay Ay

v, 400 $20i,

The node voltage equation is

Vo Up— 10 v, + 201
+ +

4010 0
The constraint equation required by the dependent source is

10 — v, n 10 + 2074
10 30

A = 1100 T 1300 =

Place these equations in standard form:
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1 1 1 ,
Vo (4_0+]_0+20) + ZA(l) = 1

v (1> + 1 (1—20> = 1—1—E
°\10 A 30) 30

Solving, v,=24V in=-32A

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

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

(%1 V1 — U

L —48=
75 25 5=0

The supernode equation is

v — U v Vg Vg — 12

0

2.5 +10+2.5jL 1

The constraint equation due to the dependent source is

The constraint equation due to the supernode is
v+ Zm = V2

Place this set of equations in standard form:

" (715 + 215) f o0 (-215> £ 0s(0) £ oi(0) = 48
vy <—215> + v (215 + 110> + Uy (215 + 1) + i,(0) = 12
vy (—715> + v(0) + vy(0) + i;(1) = 0
v1(0) + (1) + wvy(—1) + i (1) = 0

Solving this set of equations for v gives v =8 V

v =15V, v,=10V, i,=2A
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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.

Bl
+
vy 30
A, B0+ 6
I¢,%
60Y () 2240 230
v

The node voltage equation at v; is

v — 60 1 v — (60 + 6Z¢)
_— — O

2 + 24 + 3
The constraint equation due to the dependent source is

60+ 6iy— vy
T

Place these two equations in standard form:

1 1 1
Sy o(—2) = 2
vl<2+24+3) b oig(~2) 30 + 20
1
(] <3> + Z¢(1 — 2) = 20

Solving, v =48V 44 =—4A
AP 4.7 [a] Redraw the circuit identifying the three mesh currents:
A0C2
Ay

/vgogz
Sovl@/v §26ﬂ £80

The mesh current equations are:
—80 + 5(iy — 49) + 26(iy — 43)
3045 +90(iy —i3) +5(iz —i1) = 0
8ig + 26(izg —i1) +90(i3 —iz) = 0

Il
)
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Place these equations in standard form:
31iy — big — 2613 = 80

—261; — 9015 + 12445 0
Solving,

ih=5A;  ig=2A; i3=25A

psov = —(80)i; = —(80)(5) = —400 W

Therefore the 80 V source is delivering 400 W to the circuit.
[b] pso = (8)i3 = 8(2.5)% = 50 W, so the 8 ( resistor dissipates 50 W.

AP 4.8 [a] b=38, n =6, b—n+1=3
[b] Redraw the circuit identifying the three mesh currents:

-3vg 140
. Ay

D SQ_
25V () /vﬁim/% 10

The three mesh-current equations are

—(—3U¢) + 14Z2 + 3(22 — 7,3) + 2(22 - Zl) = 0
lis — 104 5(is — 31) + 3(is — i) = 0

The dependent source constraint equation is
vy = 3(is — ia)
Place these four equations in standard form:
Tiy — 219 — d3 +0vy, = 15
=201 + 1913 — 3i3 +3v, = 0
=9ty — 3ig + 93 +0vy = 10
001 + 3t — 33 +1vy, = 0
Solving
11 =4 A, 19 = —1A; 13 = 3 A, vy =12V
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Thus, the dependent source is delivering 36 W, or absorbing —36 W.

AP 4.9 Redraw the circuit identifying the three mesh currents:

Ly Ly
|¢,T N
254 (1) i ‘*_’U§8Q i D5,

The mesh current equations are:

—25 4+ 6(in — i) + 8(ia —1c) = 0
2ip, + 8(ip — i) + 6(i, — %) = 0
5i¢ 4 8(ic — 1a) + 8(ic —ip) = 0

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

147, — 61, — 81, = 25
—6%, + 167, — 8, = 0
—3t, — 8ip, + 163, = 0

Solving,

1a =4 A, i = 2.5 A; e =2A
Thus,

Vo =8(ty —i.) =8(4—2)=16V

AP 4.10 Redraw the circuit identifying the mesh currents:

20 80
Al Ay
30w i §2Q/D §5® @Lﬂ_ﬁﬁ
1 2 3
60 40y ‘
Ay A,
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Since there is a current source on the perimeter of the 23 mesh, we know that
13 = —16 A. The remaining two mesh equations are

=30+ 3iy +2(iy —iy) +6i4 = 0
Place these equations in standard form:

11@1 - 222 = 30

—211+ 19, = =80
Solving: 41 =2A, i3=—-4A, 1i3=—-16A
The current in the 2 Q resistoris i3 —ia =6A ..  pag = (6)%(2) =T2W

Thus, the 2 € resistors dissipates 72 W.

Redraw the circuit and identify the mesh currents:
10A
@
202 %’v\v

Ay
+
759 /v v$§5§2/) 1> Za
1 1
a — [

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

2
ih=—10A;  ig= -2

The remaining mesh current equation is

—T754 2(iy + 10) + 5(i, — 0.4vy) =0

The dependent source requires the following constraint equation:
Vg = B(ia — ic) = 5(ia — 0.404)

Place the mesh current equation and the dependent source equation is standard form:
Tip — 20y = 55
5ia — 3U¢ = 0

Solving: i, = 15 A; 1, = —10 A; 1. = 10 A; vy =25V
Thus, 7, = 15 A.
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AP 4.12 Redraw the circuit and identify the mesh currents:

iy

20
2 j
/_\/ oy
10v(? A §2Q/_\/ eV
a iC
iy
10

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

—10 4 24y, + 2(dp, — ic) + 2(ia — i) =0
The other mesh current equation is

—6 + Lic + 2(ic — 4a) + 2(ic —ip) =0
The supermesh constraint equation is

oy — 1p = 2

Place these three equations in standard form:

20 + 41 —4i,. = 10
—20y — 2ip, + 55, = 6
la — i + 00 = 2

Solving, 11, =T7A; i, =D A, 1.=06A
Thus, pra=1i(1) = (6)*(1) =36 W

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

1502 ¥y 10C2
Afpy ' Ay

208 (JBZA (y28v

v

The node voltage equation is

v — 20 V1 — 25
-2 =
15 * 10 0
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Rearranging and solving,

<1+1)—2+20+25 0 =35V
“\15710) " 15 " 10 =

poa = —35(2) = =70 W

Thus the 2 A current source delivers 70 W.

AP 4.14 Redraw the circuit and identify the mesh currents:

+
v‘l.n.

4z

403 /D 302
A AP
1
x
128V(%) /v §EQ/D >
1, 1, 01,
A

Ay
202 502

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

0
0

—128 + 4(iy — 4) + 6(iy — iz) + 20y
30i + 5iy + 6(iy — 1) + 3(iy — 4)

The constraint equation due to the dependent source is

ix:il—i3:i1—4

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

12i, — 6i, = 144
Uiy + 14iy, = 132

Solving,

11 =9A; 1o = —6 A; i3 =4 A; i, =9—4=5A
vga = 3(iz —ig) — 4i, =10V

paa = —vga(4) = —(10)(4) = —40 W

Thus, the 2 A current source delivers 40 W.
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AP 4.15 [a] Redraw the circuit with a helpful voltage and current labeled:

£ 2000 (60v

ta 36a(f)  BNZ v

a

120w 50

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

160
+ +
6a(f) 200 12a(l) 50%F  36a(1 BREv, 8Ew

Combine the three current sources into a single current source, using KCL, and
combine the 20 €2, 5 §2, and 6 €2 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 €2 resistor into a 72 V source in series with the
2.4 Q) 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.
168 400
My e
— 1
30A% . 2240 8@§+ T2V SQ§+
i Va ’ v n v

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

8
= —(72) =48V
v=15(72)
[b] Calculate ¢ in the circuit on the right using Ohm’s law:
48
i=2="=GA

8 8
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Now use 7 to calculate v, in the circuit on the left:
UV, =6(1.64+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
resistor. Use this fact to calculate the current in the 120 V source, i,:

. 120 —wv, 120 -57.6

i - =3.12A
20 20

pr2ov = —(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:

120
iy
50 80
iy Al
2200 R

Note that the 5 2 and 20 €2 resistors are in parallel, with an equivalent resistance of
5||120 = 4 Q). The equivalent 4 € resistance is in series with the 8 2 resistor for an
equivalent resistance of 4 + 8 = 12 (). Finally, the 12 {2 equivalent resistance is in
parallel with the 12 €2 resistor, so R, = 12[[12 = 6 Q2.

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

22
58 w %? Th
72V 2200
v

The node voltage equations are
vy — 72 v1 V1 — UTh
5 20 + 8
UTh — V1 UTh — 72
8 + 12




AP 4.17

AP 4.18

Problems 4-13

Place these equations in standard form:
<1 n 1 n 1) N ( 1) 72
52078 T 5

(-5) (I
U7y Uth\g T 1) T

Solving, v; = 60 V and v, = 64.8 V. Therefore, the Thévenin equivalent circuit is
a 64.8 V source in series with a 6 €2 resistor.

We begin by performing a source transformation, turning the parallel combination of
the 15 A source and 8 {2 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 2 €2, 8 2 and 10 {2
resistors in series to give an equivalent 20 (2 resistance. Then transform the series
combination of the 120 V source and the 20 €2 equivalent resistance into a parallel
combination of a 6 A source and a 20 € resistor, as shown in the figure on the right.

=1 =1
i, i, & &

1Z20v(* GALT

§12Q §20Q §12(2

b b
A, o o
100

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

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{2 resistor into a
parallel combination of a —3 mA source and 12 k{2 resistor. The resulting circuit is
shown below:

15k€2
W_

(Dama 212k B18ma 2e0k0

Now combine the two parallel current sources and the two parallel resistors to give a
—3 + 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(2 resistor, and combine this 10 k€2 resistor in series with the 15 k(2
resistor. The Thévenin equivalent is thus a 150 V source in series with a 25 k{2
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resistor, as seen to the left of the terminals A,B in the circuit below.

25k A
i ———

+

tsov YaB £100k0

-

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 vp:

100,000
= ’ 150) =120V
UAB = 155 500 (1°0)
AP 4.19 Begin by calculating the open circuit voltage, which is also vy, from the circuit
below:
31
- YTh

20} \\/
24v(C 4400 307\

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

—24
g3, +
8 2
Also, using Ohm’s law for the 8 {2 resistor,
. UTh
Iy = ——
8

Substituting the second equation into the first and solving for vy, yields v, = 8 V.

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:

31
x




AP 4.20

Problems

Write a KCL equation at the middle node:

iT =iz + 3iy + vp/2 = 4iy + vp/2

Use Ohm’s law to determine ¢, as a function of vp:
iy =vr/8

Substitute the second equation into the first equation:
ir =4(vr/8) + vr/2 = vr

Thus,

Ry =vrp/ir =1Q

The Thévenin equivalent is an 8 V source in series with a 1 {2 resistor.

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

1601,
! vw—<> Bl
_|_ —
200
B00IE (Maa, 8001 4002 |1a
v
The node voltage equations are
v v — (v + 160ia)
— -4 = 0,
60 i 20
UTh UTh UTh + 160iA —v
Ztho, Zih = 0
40 + 80 + 20

The dependent source constraint equation is

UTh

T

4-15
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Substitute the constraint equation into the node voltage equations and put the two
equations in standard form:

(5+a) * on(-3)
“\60 " 20 vTh \ T

< 1 ) N ( 1 n 1 . 5 )
720 Ut 40 T80 " 20
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:

Il
I

|
=)

1601, ,
1T%
—wv—@
200 é
B00E 8002 4002 |ia | vy

¥

Write a KCL equation at the rightmost node:

i vp | ur | ur+ 1602
T80 40 80
The dependent source constraint equation is

. uT

A= —
2740

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

side:

. (%)

IT = —
710

Therefore,

v
Ry = — =100

i
Thus, the Thévenin equivalent is a 30 V source in series with a 10 € resistor.

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
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below:

The node voltage equations are:

UTh — (100 + U¢) 4 VUTh — U1
4 4

vy — 100 v —20 v — v
4 4 4

The dependent source constraint equation is

0

vy = v1 — 20

Place these three equations in standard form:

Gr3) «w(g) rw(g) =
UTh 171 U1 1 Vo 4 =

( 1) + <1+1+1) + (0) = 30
UTh 1 U1 1171 Vo =
"UTh(O) + Ul(l) + U¢(—1) = 20

Solving, vy, = 120V, v; = 80 V, and v, = 60 V.

Now create a short circuit between nodes a and b and use the mesh current method
with the circuit below:

YV

C 40)
40 @40

i L
/.’D 40 Ve
100\;@|} . | )

s

The mesh current equations are

—100 + 4(iy —ip) + vy +20 = 0
) + 412 + 4(7,2 — isc) + 4(Z2 - Zl) = 0
20 — vy + 4(ie — i) = 0
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The dependent source constraint equation is
Vyp = 4(21 - isc)
Place these four equations in standard form:
41y — 4ip + 0tge +v4 = 80
—4@1 + 1222 - 4isc —Vy = 0
0t — 4ig +4ige —vy = 20
4Z'1 + OZQ — 4iSC —Vy = 0
Solving, iy = 45 A, iy = 30 A, isc = 40 A, and vy, = 20 V. Thus,

vrn 120

23
Fern i 40 3

[a] For maximum power transfer, R = Rp, = 3}

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

120
Vload = 7 =60V

Therefore,
2 2
Vjoad 60
max — =— =1200 W
b Rload 3

AP 4.22 Sustituting the value R = 3 () into the circuit and identifying three mesh currents we
have the circuit below:

YV

S 40
40) Qm

Ay

iy +
/.’D 4100 Eqs 20
100\;@|} il | :;D £

The mesh current equations are:

—100 4+ 4(iy —i2) + v, +20 = 0
) + 422 -+ 4(Z2 — 23) -+ 4(Z2 — 21) = 0
—20 — Vg + 4(@3 — 22) + 3@3 = 0
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The dependent source constraint equation is
U¢ = 4(21 — 13)
Place these four equations in standard form:
4i1 — 422 + 023 + Vp = 80
—4@1 + 1222 - 423 —Vy = 0
Oil — 422 + 7@3 —Vy = 20
4Z'1 + OZQ — 425 — Vg 0
Solving, iy = 30 A, 7o = 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] Paepsource = —Vpi2 = —(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
A4y
P4.1 R Re |
Ay Ay
Rg R Rq

P42

w® RE IR FRy OOV

[a] 11 branches, 8 branches with resistors, 2 branches with independent sources, 1
branch with a dependent source

[b] The current is unknown in every branch except the one containing the 8 A
current source, so the current is unknown in 10 branches.

[c] 9 essential branches — R4 — Rs forms an essential branch as does Rg — 10 V. The
remaining seven 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 8 essential branches

[e] From the figure there are 6 nodes — three identified by rectangular boxes, two
identified with single black dots, and one identified by a triangle.

[f] There are 4 essential nodes, three identified with rectangular boxes and one
identified with a triangle

[g] A mesh is like a window pane, and as can be seen from the figure there are 6
window panes or meshes.

Ry
Al

Vsc_j' K ib\[/§ R3

Plp Ry ZR;
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P44

Problems 4-21

[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 R;.

[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.

[a] From Problem 4.1(d) there are 8 essential branches were the current is
unknown, so we need 8 simultaneous equations to describe the circuit.

[b] From Problem 4.1(f), there are 4 essential nodes, so we can apply KCL at
(4 — 1) = 3 of these essential nodes. These would also be a dependent source
constraint equation.

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

[d] We must avoid using the topmost mesh and the leftmost mesh. Each of these
meshes contains a current source, and we have no way of determining the
voltage drop across a current source.

[a] There are six circuit components, five resistors and the current source. Since the
current is known only in the current source, it is unknown in the five resistors.
Therefore there are five unknown currents.

[b] There are four essential nodes in this circuit, identified by the dark black dots in
Fig. P4.4. At three of these nodes you can write KCL equations that will be
independent of one another. A KCL equation at the fourth node would be
dependent on the first three. Therefore there are three independent KCL
equations.

[c]

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

—ig+i1+iy =0
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—i1 + 14 +1i3 =10
i5—i2—i3:0

[d] There are three meshes in this circuit: one on the left with the components 7,
Ry, and Ry; one on the top right with components R, Rs, and R3; and one on
the bottom right with components R3, R4, and R;. We cannot write a KVL
equation for the left mesh because we don’t know the voltage drop across the
current source. Therefore, we can write KVL equations for the two meshes on
the right, giving a total of two independent KVL equations.

[e] Sum the voltages around two independent closed paths, avoiding a path that
contains the independent current source since the voltage across the current
source is not known. Using the upper and lower meshes formed by the five
resistors gives

Rlil + R3i3 — Rgig =0

R3i3 + R5i5 - R4i4 =0

P45 1 R2 2
—=is
g Ry R3 2R3
\l/i1 i3l/ lﬂi
s .
[a] Atnode 1: —1g+1+12=0
At node 2: —i9+i3+1, =0
At node 3: tg— 91 — 13 — 14 =0

[b] There are many possible solutions. For example, solve the equation at node 1
for i,4:

g = 11 + 1o

Substitute this expression for i, into the equation at node 3:
(17 +1i9) —11 —ig— iy =0 SO tg —13 — 14 =10
Multiply this last equation by -1 to get the equation at node 2:

—(22—23—Z4):—0 SO —22+Z3+Z4:0
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12000
P 4.6 o

50 2950 1) 40ma,

(%).zsv

Note that we have chosen the lower node as the reference node, and that the voltage
at the upper node with respect to the reference node is v,. Write a KCL equation

(node voltage equation)by summing the currents leaving the upper node:

V,+25 v,
— 4+0.04=0
120+5+25+

Solve by multiplying both sides of the KCL equation by 125 and collecting the
terms involving v, on one side of the equation and the constants on the other side of

the equation:
Vo + 254+ 50, +5=0 6v, = —30 SO v, =—30/6=—-5V

h 4

P 4.7 [a] From the solution to Problem 4.6 we know v, = —5 V; therefore
Paoma = (—5)(0.04) = —0.2 W
The power developed by the 40 mA source is 200 mW

[b] The current into the negative terminal of the 25 V source in the figure of
Problem 4.6 is
ig = (—5+25)/125 = 160 mA
The power in the 25 V source is
p2sv = —(25)(0.16) = —4 W
The power developed by the 25 V source is 4 W

[e] pso (0.16)2(5) = 128 mW
p2oe = (0.16)%(120) = 3.072 W
psa = (—5)*/26=1W

> Pais = 0.128 4 3.072 + 1 = 4.2 W
Y Paev = 0.2+ 4 = 4.2 W (checks!)

120101
P 4.8 vy . 10%@\r

50) *

(?.zw

[a] The node voltage equation is:

Vo +25 v,
— .04 =
125 +25+00 0

140maA
. = 25() )

v
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Solving,
Vo + 25+ 5v,+5=0 6v, = —30 SO V,=—50V

[b] Let v, = voltage drop across 40 mA source:
vy = v, — (100)(0.04) = =5 —4=-9V
P4aomA = (—9)(004) = —360 mW
The power developed by the 40 mA source is 360 mW

[c] Let i, = current into negative terminal of 25 V source:
ig = (=5 +25)/125 = 160 mA
pasv = —(25)(0.16) = —4 W
The power developed by the 25 V source is 4 W

[dl pso = (0.16)%(5) = 128 mW
p2oo = (0.16)%(120) = 3.072 W
psa = (—H)?/25=1W
pooe = (0.04)%(100) = 160 mW

> pais = 0.128 + 3.072 + 1 + 0.160 = 4.36 W
> Paev = 0.360 + 4 = 4.36 W (checks!)

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

P4.9

Sah

&l
+ +

£400)

6A L] v,

2800 212000 (1A

hE

The two node %ltage equations are:
— V2

64yl 0

40 8
Vg — U1
—+—+1 = 0
8 + 80 5t 120 +
Place these equations in standard form:

(5+s) *+ =(-3)
v | —=+ = vy | —=
"\40 " 8 28

< 1> . (1+ L, >
U7y 218780 " 120
Solving, v; = 120 V and v3 = 96 V.

Check this result by calculating the power associated with each component:

Il
(=}

|
|
—_



P 4.10 [a]

Problems

Component | Power Delivered (W) | Power Absorbed (W)
6A —(6 A)(120 V) = =720
1202
40 = 360
40
BTV
20 (120 - 96)* _ .,
8
962
80 — =115.2
80
962
120 Q2 — =T76.
0 120 76.8
1A (96 V)(1 A) =96
Total —720 720
lasy " [ " [ "
i 10 i
40 N Ja N e 200
Aay L 260 L 230 Y
1 2
A 4

The two node voltage equations are:

01—44

U1

V1 — U2

= 0
6jL 4 1
V2 Vo — U1 ’U2+2
_“ = 0
3+ 1 2

Place these equations in standard form:

vl<1+1+1) + wy(—1)

6 4

Ul(—].)
Solving, v; = 12'V;

1 1
+ U2(3+1+>

2
1)2:6V

Now calculate the branch currents from the node voltage values:

44 — 12
i = =84
12
iy, = 162:62A
ie = %:6A
6

ia = ;=2A
ie = 62 _ 4

2

4-25
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[b] Psources = Paav + pov = —(44)i, — (2)ie = —(44)(8) — (2)(4) = =352 — 8 = =360 W
Thus, the power developed in the circuit is 360 W. Note that the resistors
cannot develop power!

P4.11 [a] ilm o
20
110w \Lgm \l/
i2 i‘} iE
¢ W87, 240
110v(7) \L§24D
l3 _'I_
=}
iy L
20 v,
vy — 110 vy —wv v — U
12 18 2 116320 so  1lvy — 2vy — v3 = 880
Vo — U U Vo — U
28 ! 32 2243:0 so —3v;+ 12v3 —v3 =0
v + 110 vy — v Us — VU
3 —+ 324 2 316 L0 so  —3u — 2uy + 2905 = —2640
Solving, v = 74.64 V; vy, =11.79 V; v3=—-825V
110 — —
Thus, i = Tvl — 1768 A iy = < Y2 _ 736 A
. V2 . V2 — U3
19 3 3.93 15 o 3.93
. U3+110 . V1 — Us
— B 1375 A - —90.82A
’ 2 6 16

[b] > Piev = 110i; + 110i3 = 3457.14 W
> Pais = i7(2) +i3(3) +45(2) +i5(8) + i2(24) + ig(16) = 3457.14 W

P4.12

v, (D258 340

The two node voltage equations are:
01—1504_2 V] — Vg
20 80 40

V2 — U1 V2
—11254+— = 0
40 + 4

0




Place these equations in standard form:
(1 N 1 n 1) N ( 1)

n|l—=4+—+4+—= vo(——
P20 T80 " 40 240

SR
U\ "0 2 10 "1

Solving, v; = 100 V; v9 =50V
P4.13 vy i,
N 10
2a) . 2500 (4sv
e
v 40
v, U, — 45
At v, : -2+ — =0
! RS
Solving, Vv, =50V

poa = —(50)(2) = —100 W

Problems

150
20

= 11.25

4-27

Thus, the 2 A current source delivers 100 W, or the current source extracts —100 W

from the circuit.

4@
28A,
v

P4.14 i i
30, 2(2
4DVC_'i v§4DQ v §4Q
o 1 Z a
- v, _
s g

10 v 20

The three node voltage equations are:

v — 40 (%1 V1 — VU2

= 0
4 +4O 2
Vo — U1 ’UQ—U3_28 - 0
V3 V3 — Uy
— 28 = 0
2+ 4 *

Place these equations in standard form:

1 1 1 1
a(3tmta) * ()
1
n(=3)

(%1 (O)

)

+ Ug(O) = —
ROORNE)
2 37} BTy
1 1
¥ %<2+4>

Il
)
o0

|

|
[\
o0
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Solving, v; = 60 V; vy =73V,

CHAPTER 4. Techniques of Circuit Analysis

vy = —13 V.

Pasa = —Ua(28 A) = —(vy — v3)(28 A) = —(73 + 13)(28) = —2408 W

The 28 A source delivers 2408 W.

P4.15 >
1 2
i —— 4 Ay ’
120) 200 %
40v(3) £ 250) g‘mﬂ 7548
e
; 400)
The node voltage equations are:
v1 + 40 U1 Uy — U2
B + %5 + 5+ 0 = 0
Vg — U1 V2 — U3
—-75-5 =0
20 * 40
(%] V3 — U2
— 75 =0
40 40 *
Place these equations in standard form:
<1+1+1>+ <1> v 0y(0)
“\12 725 T 20 2\ 720 E
() +olgrw) ()
1\ 720 “2\20 " 40 B\ "0
(0) + oo ! )+ Ly
v 2\ 710 “\10 " 40
Solving, v; = —10 V; vy = 132V, vy = —84 V.

Find the power:
(=10 4+40)/12 =25A

—(2.5)(40) = —100 W (del)
5)(—10 — 132) = —TI0W  (del)

Loy =
Paov =

DsA =

poa = (—10+40)2/12=75W (abs)

(
prsa = (
(
(—10)2/25 =4 W (abs)

D25 =

7.5)(—84 — 132) = —1620 W (del)

)



Problems

pooo = (132+410)%/20 = 1008.2 W  (abs)
pooa = (132+84)%/40 =1166.4 W (abs)
poo = (—84)2/40=176.4W (abs)

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

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

Vo — U1 Vo — V2 Vo — U3 Vo — Up,
P4.16 e =0
[a] 7 t—fg t—gf tot—g
NV, =01 + V2 +v3+ -+ U,
1 I
Vo = g[Ul + U9 + V3 + - +’Un] = ﬁzkzlvk
1
[b] v, = 5(120 +60—30) =50V
P 4.17 [a]
2500
ey
v 50z A<
450mA (T Vo2 10000 145y
- 6.251,
v
The node voltage equation is:
Uy Vo — 6.25tpA v, — 45
—0.45 =0
* 100 * 5 T 25
The dependent source constraint equation is:
. 45 — v,
VA =
ST
Place these equations in standard form:
<1+1+1> L (6.25) 45+045
Vo | ==+ =+ — N —— ) = =— .
100 5 25 U s 25
1 45
o\ o . 1 = -
! <25> + iall) 25
Solving, v, =15V, in=12A
o — 6.251 15—17.5
[b] g = - s - —15A

5 )

pas = [6.25(1.2)](1.5) = 11.25 W
Thus, the dependent source absorbs 11.25 W

4-29
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[e] pasoma = —(0.45)(15) = —6.75 W
Pasv = —(1.2)(45) =—-54W
S Paev = 6.75 + 54 = 60.75 W

P 4.18 [a]

Thus the independent sources develop 60.75 W

Also,

Zpdis = Pds + P1ooo + Psq + P25
= 11.25 + (15)2/100 + (1.5)2(5) + (1.2)%(25)
=11.25+2.25+ 11.25 + 36 = 60.75 W (checks!)

96 v

The node voltage equations are:

. 0
—5iy+ —
1 +20—|—

V2

Vo — U1
5

U3 — V2

U1 — U2

5)

Vg — V3
40 10
vz — 11.5%,

U3—96

0

10

io = U2/40

5

4

The dependent source constraint equation is:

Place these equations in standard form:

(5 +
Y1\ 209

(5)

1

5

>

5 40

()

1

11
<++

10
1

) + vy (—1> + v3(0) 4 i,(—5)

)+ (-
710

)+%®)

+1+1)+'<
105" 4)" "

11.5)
)

Solving,

v1(0) + vy <—

40

v, = 156 V;

1)+%mym4n

vg = 120 V;

V3 = 78 V,

i, =3 A



P 4.19

[b] Calculate the power:

poa = (156)?/20 =1216.8 W

P50 =

pooa = (120)%/40 = 360 W

156 — 120)%/5 = 259.2 W

(
(
(
poo = (120 —78)2/10 = 176.4 W
(
(
[
[

Problems 4-31

78 — 11.5-3)2/5 = 378.45 W

s =

pio = (78 —96)2/4=81W

posv = [(78 —96)/4](96) = —432 W

Peevs = (78 —3-11.5)/5](11.5-3) = 300.15 W

> Paev = 2340 + 432 = 2772 W

Zpdis = 1216.8 4+ 259.2 + 360 + 176.4 + 378.45 + 81 + 300.15 = 2772 W

(checks)
Thus, the circuit dissipates 2772 W

o

s iy
1002 3000
160V /l\ 10002

i
=4

M504
e o

Ay
v 20

The node voltage equation is

v, — 160 Uy v, — 1501,

10 100" 30+ 20
The dependent source constraint equation is:

=0

Vo
100
Place these equations in standard form:

(1+1+1>+,(150>
Y\10 T 100 " 50 '\ 750
1
o\ TAN 'a ]-
Y (100) + i)
Solving, v, = 100 V; i, = —1A

Now find the power:
160 — 1
o_leo—100

‘o 10
pas = [150(—1)](5) = —750 W.
Thus, the dependent source delivers 750 W

log = —

160
10
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1002 80
58T 2400 lémoﬂ 2002 84y
A
v

The node voltage equations are:

U1 U1 V1 — Vg
i 40 o 160 T 10

N I 841 A
10 20 8

The dependent source constraint equation is:
in =v1/160
Place these three equations in standard form:

(1 + = + 1> + ( 1> + ia(0) = 25
“'\10 T 160 T 10 2\ 10 ‘A -
(1) . (1+1+1)+,<84>
I\ 710 2 10T 20 " 8 AT
1 .
" (-160) £ uy(0) £ oia(D) =0

Solving, v =352V, v9 = 212'V; in=22A
Now calculate the power. Only the two sources can develop power, so focus on
the sources:

= 0

|
)

Da2sA —(352)(25) = —8800 W
Gdep source = (Vg — 84ip)/8 = (212 —84-22)/8=34A
Pdep source = (84 : 22) (34) = 628.32 W

Thus, only the current source develops power, so the total power developed in
the circuit is 8800 W

[b] The dependent source and all of the resistors dissipate the power developed by

the current source. Check that the power developed equals the power
dissipated:

pioa = (352)2/40 = 3097.6 W

pson = (352)%/160 = 774.4 W

poa = (352 —212)2/10 = 1960 W
poa = (212)2/20 = 22472 W

pso = (212 —84-2.2)2/8 = 92.48 W

> paiss = 628.32 + 3097.6 + 774.4 + 1960 + 2247.2 + 92.48 = 8800 W so the
power balances.



P 4.21

Problems

§4DQ

The two node voltage equations are:
v1 — 40 V1 U1 — V2
) + 50 10

Vg — V1 (%) 112—40
—1 £ =
10 0+40+ 8 0

Place these equations in standard form:
1 1 1 1 40
”1<5+5o+1o> ¥ ”2(‘10) 5
1 1 1 1 40
o (~10) gty = W0y

Solving, v; = 50 V; vy = 80 V.
Thus, v, = v; —40 =50 —40 =10 V.

POWER CHECK:
iy, = (50—40)/5+ (80 —40)/8S=TA
paov = (40)(7) =280 W (abs)

(
psa = (50 —40)2/5=20W (abs)
psa = (80— 40)2/8 =200 W (abs)
poa = (80 —50)%2/10 =90 W (abs)
psoo = H0?/50 =50 W (abs)
pion = 802/40 =160 W (abs)
poa = —(80)(10) = —800 W (del)
S Pabs = 280 + 20 + 200 + 90 + 50 + 160 = 800 W = 3 pye

4-33
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P 4.22

The node voltage equations are:
v — 2.26 V1 — VU2 V1

20 * 50 25
Vo — 2.26 Vo — U1 2

40 50 100

Place these equations in standard form:

0

<1+1+1> . < 1) 2.2
“"\20 " 50 " 25 2\ 750 -~ 20

<1) . <1+1+1)_2.26
I\ 750 2 120 750 T100) T 40

Solving, v1 = 1.3V, v9 =15 V.
U — Uy 1.3—-1.5

Thus, o = = —4 mA
50 50
P 4.23 [a] -
; e
10
10 500
W Al v
2 ’]Q 4
QSDVC 10 20
v s W
3l ’]D l 5
10 501
W
v 10

The node voltage equations are:



Problems

Vg — 230 Vg — Uy Vg — U3

1 1 1
U3 — Vg U3 — Us U3
22 = 0
1 1 + 1
’U4—230 Vg4 — U9 Vg4 — Us
o+ 1 1 2
Us — Uy Vs — Vg Vs

= 0
2 1 +5+1

Place these equations in standard form:
Vo(1+1+1) +v3(—1) +va(—1) 4+ v5(0) = 230
va(—1) +v3(1 + 1+ 1) + v4(0) + v5(—1) = 0

1 1 1 230
vg(—1)+v3(0)+v4(6+1+2)+U5(—2) = -5

1 1 1
v2(0) + v3(—1) + vy (—2) + vs (2+1+6) = 0
Solving, v, =150V; wv3=80V; v, =140V; v;=90V

Find the power dissipated by the 2 €2 resistor:
_ 140 —

iag = o = 02 N _95a

p2a = (25)%(2) = 1250 W

[b] Find the power developed by the 230 V source:
vy — 230 vy — 230

= 0

230V = — 80— 15=-95A
1230V 1 + 6
pasov = (230)(—95) = —21,850 W, so the source supplies 21,850 W
Check:
952 - 158
10
\\/ 2 502 \\/
BORTIN _yyp, T 1A
W
10
wod b ™ bl
70R 1oa 258
W
160
L 70 E J%
A
802 1585
W
110

(80)%(1) + (15)*(1) + (15)*(5) + (70)%(1) + (10)*(1)
+(25)%(2) + (10)*(1) + (80)*(1) + (15)*(5) + (15)*(1)
21,850 W(checks)

Z-Pdis
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P 4.24 [a]
i 1&}\‘9
1, i Wy £
k0 T0ma
30V, 5000
2 2T e [P
i 14 13
v
There is only one node voltage equation:
Vat 30 ey e 80 g
5000 500 1000
Solving,
va + 30 4 10v, + 5v, — 4004+ 50 =0 SO 16v, = 320
v, =20V
Calculate the currents:
iy = (—30—20)/5000 = —10 mA
i = 20/500 = 40 mA
iy = 80/4000 = 20 mA
is = (80 —20)/1000 = 60 mA
i3+is+i5 —10mA =0 so 1i3=0.01-0.02—-0.06=—-0.07=—70mA
[b]l psv = (30)(—0.01) =—-03W
Proma = (20—280)(0.01) = —-0.6W
Psov = (80)(—007) =-56W
Dsk = (=0.01)%(5000) = 0.5 W
psooe = (0.04)%(500) = 0.8 W
Dik = (80 —20)%/(1000) = 3.6 W

Pax = (80)%/(4000) = 1.6 W

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



Problems

P 4.25 - vt
Ay
20
) S S T
TR
+ v,
DI R
A 4
The two node voltage equations are:
v Up —
T4 e 0
v —?%J v L 4
9 Nt c b + c - 0
! 1 2
The constraint equation for the dependent source is:
Uy =V, — 4

Place these equations in standard form:

o (;H) Fou(=1) 4 u(0) = -7
vp(—1) + U (1 + ;) + v,(=2) = ;l
vp(0) + (1) + wu,(=1) = 4

Solving, v, = v, =15V  Also,v. =9 Vandv, =5V.

P 4.26
1 = 2
i Myl
1 25

240D TS0VEs00 T 21500 Ss50)

b 4

This circuit has a supernode includes the nodes vy, v, and the 25 V source. The
supernode equation is

U1 V2 V2
24 —+—+4+—"—=0
i 50+ 150+ 20 + 55
The supernode constraint equation is

’02+25:U1

Place these two equations in standard form:
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P 4.27

P 4.28

CHAPTER 4. Techniques of Circuit Analysis

(5) * wlmrm) = =
v | — Vg | — 4+ — = -

"\50 *\150 ' 75

v1(1) +  we(—1) = 25
Solving, v; = —37.5 Vand vy = —62.5 V.

Pasv = (25)igs

375
i25:—2A—i50:—2A—%:2A—T:—2A+0.75A:—1.25A

Thus,  posy = (25)(—1.25) = —31.25 W

The 25 V source delivers 31.25 W.

100 v Naov-d,
ey =
+ \,I'D -
| +
100v( 8000 2600 22000 YaEaon

v

The supernode equation is:

vy — 100 vy vy —4va v —4va
10 60 20 30

The constraint equation for the dependent source is:

dua = v1 — VA

Place these equations in standard form:

=0

<1+1+1+1>+ (4 4)_100
“'\10 760 " 20 " 30 “\720 " 30) T 10
111(1) =+ 'UA(—5) = O

Solving, v1 =75V, va =15V
Thus, v, = 100 —v; =25V

Calculate currents and voltages needed to calculate the power for the various
components:
i _ V4 — U3 . 81.6 — 108
A
40 40
—1 —(—33)=—-44V
5 o 5 (=33)

=—-33A

40
U1 = ’U4—|—§i¢:81.6—44:37.6\7



V3 + vA

1.75’UA

1120V

ZCCVS

Problems 4-39

= 120 va =120 - 108 =12V

(1.75)(12) = 21 A
v —120 w3 —120 37.6—120 108 — 120

= + = + = —26.6 A

4 2 4 2
0—vy wvy—vy =376 120—37.6

= + = + =18.72 A

20 4 20 4

Now calculate the power associated with each circuit element:

P20
Pao
P12ov
P2a
Paon
Psa
Psoq

pVCCS

pCCVS

(37.6)2/20 = 70.688 W

(37.6 — 120)2/4 = 1697.44 W
(120)(—26.6) = —3192 W
(12)2/2 =72 W
(108)2/40 = 291.6 W
(108 — 81.6)2/8 = 87.12 W
(81.6)2/80 = 83.232 W
(81.6)[1.75(12)] = 1713.6 W X paps = X paa = 4015.6 W
(18.72)(—44) = —823.68 W

Now sum the powers:

Zptotal = 70.688 + 1697.44 — 3192 + 72 4+ 291.6 4 87.12

+83.232 +1712.6 — 823.68 =0 W

Thus, the power balances and the staff analyst has correctly calculated the voltage

values
P 429
Tl 1_7_53_;} _________________ ' supernode
| -+ !
v
P RNt S ST
T Ut 0.625v,
21000 0. C 200 () 4000 T
laf
v
The supernode equation is:
U1 vy —60 vz — v
+ + 2 0.62508 =0
100 10 20 400 va

The node voltage equation at vy is:



4-40

P 4.30

CHAPTER 4. Techniques of Circuit Analysis

Vg — 60 (%) Vg — U3
+ + =0
5 200 20 o
The supernode constraint equation is:
V3 — V1 = 175Z¢
The two dependent source constraint equations are:

VA = U9 — 60

iy = —v2/200
Place the four equations above in standard form:
<1+1)+ ( 1>+ <1+1)+'(0)+ (—0.625) %0
v |—+— vy | —=— 3| —+ — 7 va(—0. = —
"\100 T 10/ TP\ 20/ P \400 T 20/ 7 £ 10
1 1 1 1 60
0 -4+ —+ — —— (0 0 = —
U1<)+U2(5+200+20>+U3< 20)““”““ 5
’Ul(l) + 1)2(0) + Ug(—l) + Z¢(175) + UA(O) = 0
v1(0) + v2(1) + v3(0) + i3 (0) + va(—1) = 60
1
01(0) + v (555 ) + v6(0) + (1) + 020 = 0
Solving,

v = —60.75 V vy =30V; wv3=-87TV; i,=-015A; va=-30V
Calculate the power for the 60 V source:
vy —60 vy — 60

leov = 10 + 5
—60.75—-60 30— 60
= = —18.075 A
10 * 5
peov = (60)(—18.075) = —1084.5 W

Thus, the 60 V source delivers 1084.5 W

From Eq. 4.16, i =v./(1+ 0)RE

From Eq. 4.17, i = (v, —V,)/(1+ B)RE

From Eq. 4.19,
. 1 Vee(1+ B)RgR2 + VoR1 Ry
B = -V
(14+B)Rg |RiRy + (14 B)Re(R1 + Ry)
VocRy = Vo(Ri+ Ro)  [VeeRy/ (R + Ry)| =V,

RiRy+ (1+ B)Re(R1+ R2) [RiRs/(R1+ Ro)|+ (14 B)REe



Problems

P 4.31 [a] i i
s i —Y
40 20
sovd N, 100 Y O
il i2
i
A b A
162 a6
The mesh current equations are:
—60 + 4iy +10(iy —i9) +1i3, = 0
20 + 322 + 10(@2 — 11) + 2@2 = O
Place the equations in standard form:
i1(4+10+1) 4+ 13(—10) = 60
i1(—10) +2(3+10+2) = —-20

Solving, 11 = H.6 A; o =24 A
Now solve for the requested currents:
la =11 = 0.6 A; ih, =1 — i = 3.2 A, le=—lyg=—24A

[b] If the polarity of the 60 V source is reversed, we have the following mesh

current equations in standard form:
i1(4+ 104+ 1) +i2(—10) = —60
i1(—10) +i2(3+10+2) = —20
Solving, 11 = —8.8A; 19 =—T72A

Now solve for the requested currents:
la =11 = —8.8 A; ih =11 — iy = —1.6 A; le=—l0="7T.2A

P 4.32 [a]
iy
&
1
Ly iy
10 30

20
230v() /X/ /x/ 460V

11 ?11% 3
Ad ‘

‘i
402 503

The mesh current equations are:
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—230 4 1(iy — ia) + 2(iy —i3) + 115+ 4i; = 0

6Gig + 3(ia — i3) + 1(i2 — i) = 0

460 + biz — 115 4 2(i3 — i1) + 3(i3 — i2) = 0
Place these equations in standard form:

i1(L+244)+ids(—1)+i3(—2) = 115

i1(—=1) +i2(6+3+1)+i3(=3) = 0

i1(—=2) +i2(=3) +is(b+2+3) = =345

Solving, 11 =44A; 19 = —10.6 A; 13 = —36.8 A
The only components that can develop power in the circuit are the sources:
pasov = —(230)(4.4) = —1012 W

—(115)(—36.8 — 4.4) = 4738 W

Pasov (460)(—36.8) = —16,928 W

S0 Paev = 10124 16,928 = 17940 W

[b] From part (a) we know that the 115 V source is dissipating power; compute the
power dissipated by the resistors:

pio = (1)(4.4+10.6)2=225W

P115v

pro = (4)(4.4)%=T744W

pee = (6)(—10.6)2 = 674.16 W

o = (2)(4.4+ 36.8)% = 3394.88 W
psa = (3)(—10.6 + 36.8)2 = 2059.32 W
psa = (5)(—36.8)2=67T12W

Zpdis = 4738 4+ 225 + 77.44 + 674.16 + 3394.88 4+ 2059.32 4 6771.2
= 17940 W (checks!)

P 4.33
A
502
a0 iz 4 0
gLy Myl
i$—
< 101
135v /_\/ g‘zon/_\/ M o
ll 13
L Myl
20 10

The mesh current equations are:
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Problems

—135 4 3(iy — iy) +20(iy —i3) +2i; = O
Biy + 4(iy — is) + 3(iy — i1) = 0
10ig + 123 + 20(23 - Zl> + 4(23 - Z2> = 0

The dependent source constraint equation is:
Iy =19 — 11
Place these equations in standard form:

i1(34 20 4+ 2) +i2(—3) +i3(—20) +i,(0) = 135
i1(—=3) +i2(5+4+3) +i3(—4) +i,(0) =0
i1(—20) 4+ i2(—4) +i3(1 + 20+ 4) +i,(10) = 0

i1(1) 4+ d2(—1) +43(0) + s (1) = 0
Solving, 11 =064.8A, i,=39A; i3=0684A; i,=—-258A
Calculate the power:

paon = 20(68.4 — 64.8)? = 259.2 W
Thus the 20 2 resistor dissipates 259.2 W.

Ay
10

132 /_\/ 2 20
i

. N [, 350
1 1
LA P
> 7N Tz
l2
The mesh current equations:
5i3 + 10(Z3 - ZQ) + 3(@3 - Zl) = 0

The dependent source constraint equation:
iy = 1 — 13

Place these equations in standard form:

i1(1+ 3+ 2) +is(—2) +i3(—3) + i4(0) = 132
i1(=2) +i2(10 + 2) +i3(—10) +iy(—=7) = 0

i1(—=3) +1i2(—10) +i5(5+ 10+ 3) +i4(0) = 0

i1(0) +i2(=1) +is(1) +ig(1) = 0

4-43
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Solving, i1 =48 A; iy =36A; i3=28A; i,=8A

Solve for the power:
Pdep source = _7(%))7/2 = _7(8) (36) =—-2016 W
Thus, the dependent source is developing 2016 W.

P 4.35 53i,=53{ixis)
+ —
il
gLy Ml
an Lig Sh
30V /\/ 220 Q/N (raov
_'I_2 1
70 20
gLy Myl

The mesh current equations:

53(iy —i3) + 5(iy —i3) +3(i1 —iz) = 0

30 + 3(i2 — 41) + 20(i2 — i3) + Tio = 0

—30 + 2i3 + 20(i3 —ia) + 5(i3 —i1) = 0
Place these equations in standard form:

i1(b+3) +i2(b3 —3) +i3(—H53—5) = 0

i1(—3) +i2(3+ 204 7) +i3(—20) = —30

i1(=5) +i2(—20) +i3(2 + 20 4+ 5) = 30

Solving, 11 =186 A; iy, =8l.6A; i3=96A
Calculate the power:
Paoviery = (30)(81.6) = 2448 W

D30V (right) —(30)(96) = —2880 W
Ddep somce = D3(81.6 — 96)(186) = —141,955.2 W
P3a = (3)(186 — 81.6)2 = 32,698.08 W

psa = (5)(186 — 96)2 = 40,500 W

P = (20)(81.6 — 96)% = 4147.2 W
(7)(81.6) = 46,609.92 W
(2)(96)? = 18,432 W

P =

P2 =

S Paev = 2880 + 141,955.2 = 144,835.2 W



Problems

Zpdis = 2448 4 32,698.08 + 40,500 + 4147.2 + 46,609.92 + 18,432
= 144,835.2 W(checks)

Thus the dependent source develops 141,955.2 W.

P 4.36 [a]
™y TNy s, s
) Y g n OO w0 T\ 2,
1a

10 = 18i; — 1644
0 = —16%; + 2819 + 4ia
4 = 8in
Solving, 11 = 1 A; 19 = 0.5 A; in=05A
vo = 16(i; — iz) = 16(0.5) =8V
[b] puiy = diniz = (4)(0.5)(0.5) = 1 W (abs)
Dai, (deliver) = —1W

A, A,
P 4.37 a0 3.20
600V /\/ = 159/\./ (azav
ll 12
Ay Ay
5.60 0.80
/—_—Ni
3
30R
&
- v +

—424 = —167; + 207 — 0.813
30 - ig

Solving, i1 =35 A; i, =8A; 13=30A
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[a] vs0a = 0.8(ig — i3) + 5.6(i3 — i3)
=0.8(8 =30) +5.6(35—-30) =104V
P3oa = 30v30a = 30(10.4) = 312 W (abs)
Therefore, the 30 A source delivers —312 W.
[b] peoov = —600(35) = —21,000 W(del)
Pazav = 424(8) = 3392 W(abs)
Therefore, the total power delivered is 21,000 W
35)%(4) = 4900 W
p3aa = (8)%(3.2) =204.8 W

[e] pio = (
(

pisa = (35—8)%16) = 11,664 W
(
(=

35 — 30)2(5.6) = 140 W
30 4+ 8)2(0.8) = 387.2 W

Ds.60

Dosga =

Zpresistors = 17,296 w

S Pabs = 17,296 + 312 + 3392 = 21,000 W (CHECKS)

P 4.38 [a] " ",

L 10K 1kC2
1501
L — i)

SmA(Dv /x/ §5.4kﬂ N
Smp, i1
— 1
1 2 TkO
Ay

The mesh current equation for the right mesh is:

5400(i; — 0.005) 4 37007; — 150(0.005 — i;) =0

Solving, 92504, = 27.75 C.o 1 =3mA

Then, ia = 0.005 =7, = 0.005 - 0.003 = 0.002 = 2 mA
[b] v, = (0.005)(10,000) + (0.002)(5400) = 60.8 V

Psma = —(60.8)(0.005) = —304 mW
Thus, the 5 mA source delivers 304 mW



Problems 4-47

[c] 150ia = 150(0.002) = 0.3V
Pdep source = 1502A21 = —(03)(0003) =—-0.9mW
The dependent source delivers 0.9 mW.

P 4.39 Ay
70
20 5
Ay Ay
- Vﬂ +
30 05v,| +
125v() /\/ /\/ ™,
K 75V 3 °

Mesh equations:
7i1 + 1(21 - 23) + 2(21 - 22) = O
—125 4 2(ig —i1) + 3(ig — i3) + 75

Constraint equations:
’i3 == —0.5’UA; VA — 2(21 — Zg)
Place these equations in standard form:

i1(7T4+ 1+ 2) +i5(—2) +i3(—1) +va(0) = 0

Il
e}

i1(—2) +49(2 + 3) + i3(—3) + va(0) = 50
i1(2) + ia(—2) + i5(0) + va(—1) = 0

Solving, iy =6 A; i3 =22A; i3=16A; wva=-32V
Solve the outer loop KVL equation to find v:

—125 4+ Tty + ves = 0; Ves = 125 = 7(6) =83V
Calculate the power:

Di2sv = —(125)(22) = —2750 W

DPrsv = (75)(22 —16) = 450 W

Ddep souwrce = —(83)[0.5(—32)] = 1328 W
Thus, the total power developed is 2750 W.
CHECK:

pra = (6)%(7)=252W

o = (22-6)%2) =512W

pa = (22-16)%3) = 108 W

pia = (16 —6)%(1) =100 W
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P 4.40

CHAPTER 4. Techniques of Circuit Analysis

Zpabs = 450 + 1328 + 252 + 512 + 108 + 100 = 2750 W (checks!)

in=1y
m
—~L
il
Ay Ay
50 40
+ 651,
208w /\/ g‘zm/\/ i
204, i

Since the bottom left mesh current value is known, we need only two mesh current
equations:

liy 4+ 4(iy — i2) + 5(17 — 20) = 0
6.541 + 20(ip — 20) +4(ig — i) = 0
Place these equations in standard form:
in(1+445)+ix(—4) 100
i1(6.5 —4) 4 12(20 + 4) 400

Solving, 11 = 16 A; 9 =15 A

Find v:

—v+5(20 —i1) +20(20 —ip) =0 .. v=>5(4) +20(5) =120V
Calculate the power:

D20A = —(120)(20) = —2400 W
Pdep source = 6.5(16)](15) = 1560 W
Pio = 1(16)> =256 W

Pse = 5(20—16)> =80 W
Paq = 4(16 152 =4W

P200 = 20(20 — 15)2 = 500 W

> Pdev = 2400 W
> “pais = 1560 + 256 + 80 + 4 + 500 = 2400 W (checks)

The power developed by the 20 A source is 2400 W
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Problems

+ v, o~
% .
/FHHQiSE
i3
A A,
10 N 2(1
|
i)

200 ( /_\/ §25Q/_\./ (sov
ll J'2
40 30
A A,

The mesh current equations are:

—20 4 1(4y — i3) + 25(iy — ia) + 44y
80 + 3is + 25(is — i1) + 2(ig — i3)

The constraint equation is:

i3 = 45in = 45(i1 — i)

Place these equations in standard form:
i1 (L +2544) +ia(—25) +i3(—1) 20
i1(—25) +i2(3 4+ 25 + 2) + i3(—2) —80
i1(—45) +1i2(45) +i3(1) = 0

Find the power in the 2 {2 resistor:

o = 2(ia —i3)? = 2(—38)% = 2888 W

The 2 (2 resistor dissipates 2888 W.

I
o O

Solving,

[b] Find the power developed by the sources:

Vo +8043(7)+4(8) =20 = 0
(—113)[45(8 — 7)) = —5085 W
(80)(7) = 560 W

—(20)(8) = —160 W

Pdep source =

Psov

P2ov

Y Paev = 5085 + 160 = 5245 W

The percent of the power developed that is deliverd to the 2 €2 resistor is:

2888
- 1 = .
5245 x 100 55 06}0

4-49

Vo =20—-80—-21-32=—113V
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P 4.42 [a]

L]

{1 . 15100

121)
75V /_\/ T Feon é/ !

The mesh current equations are:
75 4 6y + 12(iy — i) — Tia = 0

|
o

1509 4 60(i2 — i3) + Tia + 12(iy —i1)
The two constraint equations are:

A = —ig
1.6va = 1.6(6i1) = 9.644
Place these equations in standard form:

i1(6 + 12) + dp(—12) + i3(0) + ia(—=7) = -75

i1(—12) +i2(15 + 60 + 12) +i3(—60) +ia(7) = 0

i1(0) 4+ i2(1) 4+ 25(0) +ia(1) = 0

i1(9.6) + i2(0) +i3(—1) +ia(0) = 0
Solving, 11 =4A; i2=294A; i3=384A; ia=-294A
Calculate the power associated with the three sources:

i3

v = 60(ip — i3) = 540 V

va = 6ip=6(4) =24V

prsv = (75)(4) =300 W

pocvs = —7(—29.4)(4 — 29.4) = —5227.32 W
pvocs = (—540)[1.6(24)] = —20,736 W

The two dependent sources are generating a total of
5227.32 + 20,736 = 25,963.32 W.

[b] Find the power dissipated. Remember that the 75 V source is generating 300 W,
as calculated in part (a):

pea = (6)(4)2=96W

prao = (12)(4—29.4)2 =T7741.92 W
pisa = (15)(29.4)? = 12,965.4 W
psoo = (60)(29.4 — 38.4)% = 4860 W

Zpdis = 300 4 96 4 7741.92 4 12,965.4 + 4860 = 25,963.32 W(checks)
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Problems

Thus the power dissipated in the circuit is 25,963.32 W.

i, Ay

40 a0
2007 /_\/ @)6:&/—\/ (yaov
i i,
i Al
10 Gls!

The supermesh equation is:

—20 + 447 + 939 — 90 + 6ig + 137 = 0

The supermesh constraint equation is :

’L.l - ’ig - 6

Place these equations in standard form:
i1(4+1)+1i2(9+6) = 20490
i1(1) +ia(—1) = 6

Solving, 11 = 10 A; o =4A
Now find the power:

pio = 10%(4) =400 W
pio = 10%(1) =100 W
poo = 4%(9) =144 W
pea = 4%(6) =96 W
poov = —(20)(10) = —200 W
Vea = i — 90+ 6iy = (9)(4) — 90+ (6)(4) = =30 V
per = (—30)(6) = —180 W
poov = —(90)(4) = —360 W
In summary:

3 Paev = 200 + 180 + 360 = 740 W

> Paiss = 400 + 100 + 144 + 96 = 740 W
Thus the power dissipated in the circuit is 740 W
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P 4.44
i Ay
400 a0y
1200 /_\/ (1)ER /_\/ (yoov
il i2
i Ay
10 602

The supermesh equation is:

—120 + 441 + 9i5 — 90 + 61 + 143, =0

The supermesh constraint equation is :

11—y =06

Place these equations in standard form:
i1(4+1)+142(9+6) = 120490
i1(1) 4+ ia(—1) = 6

Solving, 11 = 15 A; 9 =9A
Now find the power:

pio = 15%(4) =900 W
po = 15%(1)=225W
poo = 9%(9)=T729W
pea = 9%(6) =486 W
pr2ov = —(120)(15) = —1800 W
Vo = 9i5 —90+6i, =9(9) —90+6(9) =45V
pea = (45)(6) =270 W
poov = —(90)(9) = —810 W
In summary:

Zpdev =900 + 225 4 729 + 486 4 270 = 2610 W (note that the 6 A source is
now dissipating power!)

> Paiss = 1800 + 810 = 2610 W

Thus the power dissipated in the circuit is 2610 W

P 4.45 [a]
Ay i,
400 90
60w /_\/ (L16m /_\/ (L)a0v
il iz
Ay i,




Problems 4-53

The supermesh equation is:

—60 4 471 + 939 — 90 + 635 + 13, =0

The supermesh constraint equation is :

il - ig = 6

Place these equations in standard form:
i1(4+1) +142(9+6) 60 + 90

i1(1) +d2(—1) 6
Solving, 11 =12 A; o =06A
Now find the power:

pio = 12%(4) =576 W
pio = 122(1) =144 W
pon = 6%(9)=324W
pea = 6%(6) =216 W
peov = —(60)(20) = —=T20 W
Vo = 955 — 90+ 6i, =9(6) —90+6(6) =0V
(the 6 A source acts like a short circuit carrying 6 A of current)
pea = (0)(6)=0W
poov = —(90)(6) = —540 W
In summary:

S Paes = 576+ 144 + 324+ 216 = 1260 W (note that the power of the 6
A source is zero)

> Paiss = 720 + 540 = 1260 W

Thus the power dissipated in the circuit is 1260 W

[b]
Ay i
41 a0
B0 V(: /_\/ /_\/ (;)90v
il i2
Ay i
10 6()

Now there is no longer a supermesh. The two simple mesh current equations
are:

—60 440 +15;, = 0
=90+ 62 +912 = 0

Since these equations are uncoupled, each can be solved separately:
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511 = 60
1525 = 90

ih=60/5=12A
iy =90/15 =6 A

Since the currents are the same as in part (a), the power will be the same as
calculated in part (a). Thus, the power dissipated in the circuit is again 1260 W.

[c] Asnoted in part (a), the 6 A source has zero voltage drop, so is equivalent to a
short circuit (which has no voltage drop by definition) carrying 6 A of current,

as in the circuit of part (b).

P 4.46 [a]

The 7; mesh current equation:

/—\/’I.Qih R
Qngia iz /]\

Vg
— i
500 -
T /_\I =200
d 3
1y 1y
210 5
m =

—100 + 5(iy — i) + 10(iy —i3) +2i; =0
The i, — i3 supermesh equationa:

215 + 20i3 + 10(i3 —i1) + 5(ix —i1) =0
The supermesh constraint:
13 — 1o = 1.20p = 1.204

Place these equations in standard form:
i1(5+ 104 2) +i2(—5) +i3(—10) = 100
i1(—10 —5) +i2(24+5) +143(20+10) = 0
i1(1.2) +49(1) 4+ i3(—1)

ip = —4.2A: i3 =4.68 A

Solving, 11 =T74A;
Solve for the requested currents:
e = ig=—42A
i = 1 =T7T4A
e = 1i3=4.68A
g = i1 —ip=11.6A
le = 11 —13=272A

[b] Find v:

27;2 + VUes + 5(Z2 - Zl) =0

Ves = —2(—4.2) —5(—4.2 — 7.4) = 66.4 V
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Problems

Calculate the power:

Pioov
Pdep source
P20

Psa

pa2a

P10

P200

—(100)(7.4) = —T40 W
—(66.4)[1.2(7.4)] = —589.632 W
2(—4.2)? = 35.28 W

5(7.4 +4.2)2 = 672.8 W

2(7.4)2 = 109.52 W

10(7.4 — 4.68)2 = 73.984 W
20(4.68)2 = 438.048 W

S Paev = T40 4 589.632 = 1329.632 W

> pais = 35.28 + 672.8 + 109.52 + 73.984 + 438.048 = 1329.632 W

1921

dig i
19! 100
; Myl S
,—\/+ b + | i3
i3 ‘*'«540@ WD T, ey
— 1. ~ i, 3 .
la ld

The i, mesh current equation:

—4iq 4 10(ig — i4) + 5(ig —i3) =0

The i3 — 74 supermesh equation:

40(i3 — 19) 4+ 5(i3 — i2) + 10(iy —i2) — 240 =0
The supermesh constraint equation:

Qg — i3 = 2ip = 2(iy — i3)

Place the equations in standard form:

i2(10 + 5) +i5(—5) + ig(=10 —4) = 0
ia(—5 — 10) +i5(40 + 5) +iy(10) = 240 + (40)(19)
i2(2) + i3(—1) +is(—1) = 0

ip =18 A; i3 =26A; i,=10A

Solving,

Solve for the requested currents:
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lpg =19 —13=19—-26=-TA
ip =1y — i3 =18 =26 = —8 A
be =13 — 14 =18 =10 =8 A
iq =14 =10 A
le =19 = 18 A
[b] Find the power in the circuit:

ve = 400y = 40(=T) = —280 V

" ~10i, — 240 = —10(8) — 240 = —320 V
D19A —(—280)(19) = 5320 W

Pcccs —(—=320)(2)(—8) = —=5120 W

pPcevs —(4)(10)(18) = =720 W

D240V —(240)(10) = —2400 W

Paog (40)(—=T7)* = 1960 W

P50 = (5)(—8)?=320W

poa = (10)(8)2 =640W

S Paev = 5120 + 720 + 2400 = 8240 W

S Pais = 5320 + 1960 + 320 + 640 = 8240 W(checks)

P 4.48 [a]
Ay
0.20 +
125w /_i\,g-‘mg v,
1 . +
A =
125w 1940% v
ib
Ay
020
125 = 10%; — 0.499 — 9.413
125 = —0.4%97 + 2025 — 19.413

Solving, 11 = 23.93 A; 19 = 17.79 A;

is = 11.40 A



v = 94(21 - Z3) = 11776 V
ve = 19.4(ip —i3) = 123.90 V
vy = 21.2i5 =241.66 V

[b] pr = (i —i3)2(9.4) = 147522 W
(iy — i3)%(19.4) = 791.20 W
2(21.2) = 2754.64 W

Pr2 =

PR3
[e] D paev = 125(i1 + is) = 5213.99 W
> Ploaa = 5021.15 W

5021.15
5213.99

% delivered =

x 100 = 96.3%

[d]

iy
020 4

125w v E g.40)

5 + 1

125V Y 19.40

2

Ay

/_i\/ /_\/ %2120

0.20)

250 = 29.2¢; — 28.8iy

0 = —28.8¢1 + 5014

Solving, 13 = 19.82 A; 1o = 11.42 A
11—1iy = 841A

(8.41)(9.4) = 79.01 V

8.41(19.4) = 163.06 V

U1

(%

Problems
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Note v; is low and vy is high. Therefore, loads designed for 125 V would not

function properly, and could be damaged.
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P 4.49 e
0.20

125V /Ba/ rZ 040
Y 22120

gL
0.40 i

125 = (Ry + 0.6)iy — 0.4iy, — Ryic
125 = —0.4i, + (Ro 4 0.6)i, — Roie

0 = —Ryi, — Raip, + (Ry + Ry + 21.2)i,

(R1+0.6) —-04 — Ry
A=| -04 (Ry+0.6) —Ry
—R —Ry  (Ry+ Ry +21.2)

When R; = Rs, A reduces to

A = 21.6R} + 25.84R; + 4.24.

125 —-0.4 -y
Na = 125 (Rg + 06) —RQ
0 —Ry (R1+ Ry +21.2)

= 125[2R, Ry + Ry + 22.2R, + 21.2]

(R; +0.6) 125 ~R;
Nb = —04 125 —RQ
—Ry 0 (Ri+ Ry+21.2)

= 125[2R Ry + 22.2R; + Ry + 21.2

N, — Ny 125[(Ry — Ry) + 22.2(Ry — R,)]

ineutral = ia - Z-b = A A
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Now note that when R; = Rs, %neutral reduces to

. 0
Tneutral = Z =0

P 4.50

D

12¢€2
Ay Ahgy
1502

240v(*) /_\/ §2I]Q/_\I/ A iy,

1y

wo ||
Ahfy

The mesh current equations:

20(ig — 1) + 15(da +4) + 50(i2 + tqc) +40i2 = 0
Place these equations in standard form:

i1(12 4+ 20) + i9(—20) + iqc(0) = 240

i1(—20) + (20 + 15 + 50 4+ 40) +ig.(50) = —60

But if the power associated with the 4 A source is zero, the voltage drop across the
source must be zero. This means that the voltage drop across the 15 €2 resistor is also
zero, so the 15 € resistor is effectively removed from the circuit. Once this happens,
19 = —4 A. Substitute this value into the first equation and solve for 7;:
32ip — 20(—4) = 240 3217, =160 so i3 =5A
Now substitute this value for 7; into the second equation and solve for 74.:
—20(5) + 125(—4) + 50ig. = —60 so 50iqc = —60 + 100 + 500 = 540

: ige = 540/50 = 10.8 A
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P 451 [a] o0
i2
[ A * 13,9 ]
=100
C /_\/ /—\/ /@é‘dc
i3
C(aev
200 2 250,
Ay i
Write the mesh current equations. Note that if 7, = 0, then ¢; = O:
—23 + 5(—ig) + 10(—1i3) + 46 = 0
3022 + 15(22 — Zg) + 522 = 0

Vae + 2bi3 — 46 4 10i3 + 15(i3 —i2) = 0
Place the equations in standard form:

i2(=5) +i3(—10) + Vac(0) = —23

i2(30 + 154+ 5) +i3(—15) + Vg.(0) = 0

i9(—15) +43(25 + 10 4+ 15) + V(1) 46

Solving, 190 = 0.6 A; i3 =2 A; Vie=—45V
Thus, the value of V. required to make ¢, = 0 1s —45 V.

[b] Calculate the power:

pasv = —(23)(0)=0

piev = —(46)(2) = -92W
pvac = (—45)(2) =-90W
pa = (30)(0.6)2=10.8 W
pa = (5)(06)2=18W

pisa = (15)(2—-0.6)2 =294 W
poe = (10)(2)? =40 W

poo = (20)(0)*=0W

psa = (25)(2)2=100W

> Paew = 92+ 90 = 182 W

S Pais = 10.8 + 1.8 4+ 29.4 + 40 + 0 + 100 = 182 W(checks)
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P 4.52 [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.

[b]
+ 80

w(@)w DM

The mesh current equations:
201 + 10(4 — i2) + 8(i1 — 4)
dig + 1(ig — 4) + 10(ig — 41)

Place the equations in standard form:

i1(2+ 10+ 8) + ix(—10) = 32

i1(—10) +i(4+1+10) = 4
Solving, i, = 2.6 A; i =2A
Find the power in the 10 (2 resistor:
ti00 =11 — 12 =0.6 A
p1oa = (0.6)%(10) = 3.6 W
[c] No, the voltage across the 4 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, = 20y + 4ip = 2(2.6) +4(2) =132V
paa = —(13.2)(4) = —=52.8 W
Thus the 4 A source develops 52.8 W.

Il I
o @)

P 4.53 [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.

[b]

4A@> §20Q1
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The node voltage equations are:

U1 V1 — Uy V1 — U3
_— = 0
1 - 8 * 10
Vg U2 —U1 U2 — U3
—44 2 = 0
+20+ 8 * 2
V3 — U1 V3 — Vg (%]
4 = 0
10 2 +4

Put the equations in standard form:

(13 o (D) o) - o
& 10 8 10
1 1 1 1 1
w(-g)te(gprsty) tulsg) = ¢
1 1 1 1 1
o(-gg) te(g) et ty) =0

Solving, v1 =1.72V; vy =11.33V; v3=6.87V
pan = —(11.33)(4) = —45.32 W
Therefore, the 4 A source is developing 45.32 W

P 4.54 [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 voltage
method, it is the preferred approach.



Problems

[b] .
3x10 v&
%
20v ,  z00mA 5 Aa
16— 3 < 4
i&— o+ +
£ 1000 Ya T 2500 Va T 5000 5000

Node voltage equations:

1 V2 —3
— —02+3x10 =0

100 250 o i

U3 Uy -3

— 4+ ——3x10 02=0

500 Ta00 0 s
Constraints:
vy — v = 20; Vg — U3 = 0.40y; Vg = V9

Solving, vy = 44V
ip = 0.2 —44/250 = 24 mA
paov = 20, = 480 mW (abs)
P 4.55 [a] Apply source transformations to both current sources to get

Ay . i . Ay

2 7k} 2.3k0 1k 0}
5. v i— ()0.6v
—(b.4 .
1o = (5 +0 6) = —1mA
2700 + 2300 + 1000
[b] Y1 i
My
2 3k} 4@
ZmA(f 5 7k0) KO ‘ 0.6mA
v

The node voltage equations:

4-63
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_ U1 V1 — U2
9% 1077 = 0
0 5700 T 2300
(%) Vg — U1
0.6x10~% = 0
1000 T 2300 V0%

Place these equations in standard form:

Y (S B T
2700 2300 2300
1 1 1 ‘
o (~g) e (s + ) = 08 10
2300 1000 2300
Solving, v; = 2.7V, v9 =04V
. U2 — U1
o= = —1mA
= 79300 o
P 4.56 [a]
A A
40k 4k 0 2.5k0)
120V £ B0k D8 .4un £ 90k0
2k
A
Myl
Bk
3ma(F 24k Qygama 2 90k0 \\/ 5k0)
iy
30k0)
A
it —
2.5k0)
Bm AL 222 5k0) J/;Skn
iD




[b]

P 4.57 [a]

135y

Problems 4-65

1 < 1 <
i 'y b 'y
40k 4] 2.8k
. + +
120w ‘*‘f 60k (A)8.4ma ‘*‘5 90k B0
'y
2Kk
Va = (7500)(—0.0045) = —33.75 V
Va —33.75
a = = = —0.375 mA
' 90,000 _ 90,000 m
i = —84x1073+0.375x 1073 + 4.5 x 1073 = —3.525 mA
U = (6000)(3.525 x 1073) — 33.75 = —12.6 V
—12.6 — 120
' = ——— " — _3315mA
ig 40,000 3.315m
proov = (120)(=3.315 x 1073) = —397.8 mW
Check:
Psama = (—33.75)(8.4 x 1073) = —283.5 mW
> Paev = 397.8+283.5 =681.3mW
—12.6)2  (—33.75)2
Pyis 40,000)(—3.315 x 1073)? (
2.1 (40,000)( X107+ 55,000 T 90,000
+(6000)(—3.525 x 1073)2 4 (7500)(—4.5 x 1073)?
= 631.3mW
R
520V

24000

1002

25014

W
o
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vy i
406} 520V 108! +

40V(; 25002 v,

480V (2

250 400
o = —(480) = 400 V; v=— =16A
Vo = 305(480) =58
[b]
A
530V
14 24 3BA —>16A
e e
+160) 2600 A0 4
1A (v 2400 400V 25002
- 264 60 —~
e

psoov = —(520)(3.6) = —1872 W
Therefore, the 520 V source is developing 1872 kW.

[c] v=—(16)(1) —40(2.6) = =120 V
pia = (—120)(1) = —120 W
Therefore the 1 A source is developing 120 W.

[d] Calculate the power dissipated by the resistors:
piea = (16)(1)2 =16 W
(260)(2)% = 1040 W
pioa = (40)(2.6)2 =270.4 W
pio = (4)(1.6)>=10.24 W
(
(

D260

250)(1.6)2 = 640 W
6)(1.6)2 = 15.36 W

P2so =
Pea =
> Paev = 120 4 1872 = 1992 W

Zpdev =16 + 1040 + 270.4 + 10.24 4 640 + 15.36 = 1992 W (CHECKS)
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P 4.58 [a] Applying a source transformation to each current source yields

6 6{1 500 57 | —>i,
1750

12v( 1.50%
34V,

J

Now combine the 12 V and 5 V sources into a single voltage source and the
6 €2, 62 and 5 () resistors into a single resistor to get

Ay
17
1750

17V 1500 %

Now use a source transformation on each voltage source, thus

14 170 (D2a 2170 2150

which can be reduced to

—>i,
14 (D) 2850 2150

8.5
o=—(—1)=-0.85A
to=~5(~1)
[b] )
1
602 50
A A
2170
2n(D) 6QE £150Q
(34w
ia iD

The mesh current equations are:



4-68 CHAPTER 4. Techniques of Circuit Analysis

6(ia —2) 4+ 60y +5(in — 1) + 17(ia —ip) —34 = 0
1.5% + 34 + 17(ip — ia) = 0
Put these equations in standard form:
126 +6+5+17) +i,(—17) = 1245+ 34
ia(—17) +i,(1.5 + 17) = -3
Solving, 1o = 1.075 A; i, =—0.85 A
P4.59 Vqy, = 50 (80) =60V
T30+
Ry, =10||304+2.5 =102
— i ———— @3
101}
6OV
—————————®b
P 4.60
42
)
v
Ay 1 Ay £
100 sl
+
BOV( v, 2400
v B

Write and solve the node voltage equation at v;:

U1 — 60 i ﬂ 4=

10 0

dv; =240 +v, —160=0 .. v; =400/5 =80V

Calculate Vy,:

Vin =v1 +(8)(4) =80+32=112V

Calculate Ry, by removing the independent sources and making series and parallel
combinations of the resistors:

R, =8+40[[10=8+8=160Q




P 4.62

Problems

- 300
300 ,—\/
i2
S My L=
80 53() R
500v( /—\/ £120) -
J'_1 -
ob

The mesh current equations are:
—500 + 8(iy — ip) + 1243
—300 + 305 + 5.2i9 + 8(iy — 41)
Put the equations in standard form:
i1(8 4 12) + i9(—8) = 500
i1(—8) +i2(30+5.24+8) = 300

Solving, 11 = 30 A; 1o =125 A
Vin = 5209 + 120, =425V
Rty = (8]|12 4+ 5.2)||30 = 7.5Q

— W ——8a
7.50

425

—.b

I Il
oS O

4-69

First we make the observation that the 10 mA current source and the 10 k{2 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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A ® a
15k}
&b
or
® a
ZmAC’f‘ §15]{D C Anh § 5100
&b

Therefore the Norton equivalent is determined by adding the current sources and
combining the resistors in parallel:

& a

(D1na  £3.75k0

&b

P 4.63 [a] First, find the Thévenin equivalent with respect to a,b using a succession of
source transformations.

Ay #a
10
10nAE)  4kQE  25na(D 45K 0%
eb
1k 0
Ay L 2=
15mat)  4kOE 45K E
eb
5kQ
Ay #3
BOV(E) 45k0E

L 3




Problems

4.5k
Ay L L
54V
' 3]
Vn =54V Ry, =4.5k2
4.5k02
A
STALGY 85.5k0
.
85.5
meas = ——(04) =513V
v o0 04
51.3 — 54
[b] %error = () x 100 = —5%
o4
P 4.64 [a] Open circuit:
W
26101
A . =) * .
4080 +
17 .4 250 .00 Voo
40 ~
Ay .
v
The node voltage equations are:
01—17.4+vl+01 - 0
40 15
() Vg — 174
014+ =+ —— =
0.1+ 11 + % 0

The above equations are decoupled, so just solve the second equation for v

and use vy to solve for v,:
—36.4 + 26wy + 14v9 — 243.6 =0
10
(7)=5V

T 10+ 4
Short circuit:

UOC

vy =280/40 =7V

4-71
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[b]

CHAPTER 4. Techniques of Circuit Analysis

Al
260
Y, 01a
Ay . = e *
4001
174vC Z150 100 \\,
iSC
iSC
*
A 4 Ty b
Write a node voltage equation at vy:
01+Ug—17.4+02 —0
- 26 4
Solving,
—90.24 209 — 348+ 130 =0 .. vy =40/15V
Calculate the short circuit current:
ise = (40/15)/4 =2/3 A
Therefore, R, = 5/(2/3) =7.5Q
— W ————@a
7.50
s
——— #hb
Ay
2600
Al . o | %
4010}
2150 100 &R,
40}
w o

Ry, = 10]|(26 + 4) = 7.5Q (CHECKS)
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P 4.65
13100}
A ®Aa
ib +
500 AT £ e U v, %
1008, 1 v, 801> E o0k
ob
OPEN CIRCUIT

Use Ohm’s law to solve for v, on the right hand side of the circuit:

vg = —80i1,(50,000) = —40 x 10%4,

Use this value of v, to express the value of the dependent voltage source in terms of
(A

4 x 10750y = 4 x 107°(—40 x 1054,) = —1607,

Write the mesh current equation for the ¢;, mesh:

13104y, — 1607y, + 100(4, — 500 x 107%) =0

Solving,

12504, = 0.05 .. 4, = 0.05/1250 = 40 1 A

Thus,

Virp = vy = —40 x 10%;, = —40 x 10°(40 x 107%) = —160 V
SHORT CIRCUIT

vy = 0; ise = —804)

Calculate 7}, using current division on the left hand side of the circuit:

100

5, = —— 500 x 107° =35.461 4 A
»= 100+ 13100 ¢ a

Calculate the short circuit current from the right hand side of the circuit:
ise = —80(35.461 x 107°) = —2.8369 x 10~* mA

Calculate Ry, from the short circuit current and open circuit voltage:

—160

= = 56.4
—2.8369 x 10-3 564 k02

RTh

——W——8 3
56.4k0

160V,

—.b
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P 4.66 B on
e =
+
Vo () 1272V 26360
-

12.72 = Vi, — 2R,

Rpp 20
—m—oi

+

Vo, O 12V 20.60

12 =V, — 20R 1y
Solving the above equations for Vpy, and Ry, yields
Vo, =12.8V, Ry, = 40 m§2

In =320 A, Ry =40 mf)

P 4.67 First, find the Thévenin equivalent with respect to R,

20
10A(7F .00 @& 2,4 =

20
154(F 250 R,
_—l
100 4
120v("




Problems 4-75

0] 12| 0| 20| 4| 80
2110120 30| 3] 90

10, 660 | 50| 2]100
15148 |72 70 | 1.5 | 105

P 4.68
191,
a
—l 3
Ay M, ———— i ’ ®a
15k} 4l () 5kl
90v (D) KO 3400 2 g0k
& b
v
The node voltage equations are:
1}1—90Jr V1 +111—112 - 0
15,000 ~ 10,000 4000 B
U2 — Uy U2 V2 — U3 .
—19 = 0
4000 * 40,000 - 5000 A
U3 — U2 U3 .
19 = 0
5000 89,000 A
The dependent source constraint equation is:
R
47 74000

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

LN S U < 1 >+ ) 90
v Vg | ————— v =
"\ 15,000 " 10,000 " 4000 >\ 4000 K 15,000

(—1—19)+ Lt By (—1>—o
“\72000 2000/ T "2\ 2000 T 40,000 T 5000 4000 /) 2\ 5000/
v (19)4—11 (—1—19>—|—v : + ! =0
114000 2\ 5000 4000 >\ 5000 ' 89,000

Solving, v1 =32.75V; vy, =3058V; wv3=-198V
VTh = VU3 = —198V
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19,
é
A
Ay Addy i,
15k () 4kl 5k \|/
oV ) 10k ) Ban ) |
|1 iﬂ igc

The mesh current equations are:

—90 + 15,0001 + 10,000(i1 — i)

4000i 5 + 40,000(ian — i) + 10,000(in — 1)
40,000(ige — in) + 5000(isc + 19ia)

Put these equations in standard form:
i1(25,000) + ia(—10,000) + i (0)

i1(—10,000) + i (54,000) + is(—40,000)

i1(0) + ia(55,000) + is(45,000)

Solving, 11 = 3745.62 uA,
i = —444.94 1 A

Il Il Il
o o o

+90
0
= 0

in =364.04 0 A; iy = —444.94 4 A

Ry, = —19.8/ — 444.94 x 1079 = 44.5 kQ

44 5k ()
19.8v(2

Ay & a

® b

P 4.69 [a] Use source transformations to simplify the left side of the circuit.

431

2210 1.2k02
Ay & Ay
i N
77V B s 12v
55VIR, ‘
v
7.7—15.5
= ———=0.1mA

22,000



Problems 4-77

Let R, = Rueter||1.3kQ = 5.5/4.4 x 1073 = 1250 Q2

(Rumeter) (1300) (1250)(1300)
= 1250; Riyeter = ————> = 32.5k)
Runeter + 1300 ’ * 50
[b] Actual value of v,:
7.7

= —97.22 1 A
"= 92,000 + 44(1300) a

Ve = 44i,(1300) = 5.56 V

2.5 —5.56

% error = < =56

) x 100 = —1.10%

P 4.70 [a] Find the Thévenin equivalent with respect to the terminals of the ammeter. This
is most easily done by first finding the Thévenin with respect to the terminals
of the 4.8 (2 resistor.

Thévenin voltage: note ¢4 is zero.

‘il ‘il
20 h 40
24y 160
1000 Yt 250
"
b
Vin—24 Voo Vo Vo
5 10025 T =0
50Virn + Vien + 4V + 5V, = 50(24) . Vi = 50(24)/60 = 20 V

Short-circuit current:
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-5/3Q2 480
a x
A W A, W
20%)
L "
¥
31330 %
Ay
62
20v (AP
‘ »
v
20

Rtotal = F = 333SQ

Rieter = 3.333 — 3.133 = 0.20Q

[b] Actual current:

3.1330 «
Ay *
zové)
‘ iact
-
i
20
'ac ual — 5 545 — O- A
lactual = 3733 = 0.383
6 — 6.383
— Y w100 = —
% error 6353 x 100 6%
P4.71
RTh —
M ——— \L
+ i1
Vi G 100 20k 0
.

iy = 100/20,000 = 5 mA

100 = Vi — 0.005 Ry, Vrn = 100 + 0.005 Rty



P 4.72

Problems

Ry,
has &
+ i,
Vi G 200V 50k

ia = 200/50,000 = 4 mA
200 = Vpp, — 0.004 Ry, Vrn = 200 + 0.004 Ry,
100 + 0.005Rty = 200 + 0.004 Ry, N Ry = 100 k2

Vrn = 100 + 500 = 600 V

Al & a
100k
600V
N
£1000 £ 1000Q2
+ a b
5 — *—
+ V-
+ Th
v, £901Q v, 250000

Use voltage division to calculate v; and vs:

501
— 2 (5) =41 v

o= T (5) = 4.168053

U2 = 5500 1 1000 ) — 41660667

Now calculate Vpy,:

Virn = v1 — v = 4.168053 — 4.1666667 = 1.3866 mV

Calculate Ry, by removing the voltage source and creating series and parallel
combinations of the resisitors:

4-79
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(100)(501) , (1000)(5000)

R, = 100|501 4 1000||5000 = 5000 = 916.69 2
The resulting Thévenin equivalent circuit is shown below:
916,600 4 1 gal
A *
1.3866 mv(>) 500
*
b

Use KVL to calculate ig,:

. 1.3866 x 1073
lgal = ——
&l ™ 7916.69 + 50

P 4.73 Vi, = 0, since circuit contains no independent sources.

= 1.43 pA

A
GO
160) 200 | idé—
A e & g
. + +
4Dl<+ . §SOQ .
_ 1 . T
_ 1 _
&b
. 7UT—1)1 UT—40iA
= T T 6o
L2 WO Bl
16 80 20
100, — 200ip = 4oy in = _8—81 200ix = —2.50,

12.5v1 = 4vr; v = 0.32v7

6OZT = 4’UT — 2.51]1 = 3.2UT

(%) 60
— =—=18.750Q
v 3.2
Ry =18.75Q
1875101
A ® 2

&b




Problems 4-81

P 4.74 Vi, = 0 since there are no independent sources in the circuit. To find Ry, apply a 1
A test source and calculate the voltage drop across the test source. Use the mesh
current method.

"y ¢
1 108 +
Iy _
4UQ§ 1DiMI}‘r 20Q§ 14, 14 fD Vo
L ]
b

The mesh current equations for the two meshes on the left:
—10i, + 5(iy — 1y) + 401, = 0
10i, +20(d, — 1) + 104, +5(iy, — i) = O
Place these equations in standard form:
ip(—10 4+ 5 +40) + i, (—5) 0
i,(10 — 5) 4+, (20 + 10 + 5) 20

Solving, i, = 80 mA; iy = 560 mA
Find the voltage drop across the 1 A source:
vr = 20(1 — 0.56) = 8.8V

Ry =vp/1 A=88/1=8.80Q

850
A, L =

&b

P 4.75 We begin by finding the Thévenin equivalent with respect to R,. After making a
couple of source transformations the circuit simplifies to

iy °
08 o0 T
160V 304, v,
*
Y
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Virn = 20ia 4 30ia = 50ia = 100 V

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

iy

0 | 100 ¢
a0

§1ODQ 301& vT

*

z‘T_1+1 4 2
vr 30 10 30 15
T 15

Rpy=—=—=75Q
T 2

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

7850
100w R
L .
100 \?
=(——) R, =250
b (7.5 n Ro>
10%
R, = 250
R2 4+ 15R, + 56.25
10°R, _ R? +15R, + 56.25
250  ° © '

40R, = R2 + 15R, + 56.25

R2—25R, +56.25 = 0

R, =12.5 £ /156.25 — 56.25 = 12.5 + 10
R, =2250Q

R, =250



Problems

P 4.76 [a] Find the Thévenin equivalent with respect to the terminals of Ry,.
Open circuit voltage:

240v(

The mesh current equations are:

iy + 4(iy — i3) + 3(ig — 1)

ig:ig—il

i1 (1) +42(=1) +15(0) +ig(1)

Solving,

Vin = 20(i; —i3) = =24V
Short-circuit current:

240

Ay
20
g i)
Ay &
30 40)
101
/_.\/ gQDQ /_\/ + f
i, i, N
21 100
oy &
10ig + lig + 20(i3 — 1) + 4(is —i2) =
The dependent source constraint equation is:
Place these equations in standard form:
i1(34 204 2) +io(—3) +143(—20) +1i3(0) = 240
i1(—3) +12(2+ 4 + 3) +i3(—4) + i5(0) =0
i1(—20) + i2(—4) +i3(4 + 1+ 20) +ig(10) = 0
= 0
11 =99.6A; 1,=T7T8A; 1i3=1008A; ig=—-216A
Ay
20
g i,
A &,
30l 40
/’_‘\/
. 101
200) il /_\/ ™
20 iy
Al &

The mesh current equations are:

4-83
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0
0

10ig + iz + 4(i3 — i2) 0
The dependent source constraint equation is:

—240 + 3(iy — i3) + 2i;
20y + 4(ip — i3) + 3(i2 — 1)

ig =1y — 1

Place these equations in standard form:
i1(3 +2) +i2(—3) +43(0) + i5(0)
i1(—3) +12(2+ 4 + 3) +i3(—4) + i5(0)
i1(0) + ia(—4) +i3(4 + 1) +i5(10)

i1(1) 4 ia(—1) 4 i5(0) + ig(1)

1%
Ry = —

ZSC

Solving,

iSC:il—i3:—4A;

A
60

24 (]

Ry, = Ry, =692

122

[b] Pmax = ? =24 W

P 4.77 [a]

is = 96 A;
—24

=2 =60
—4

240
0
0

0
ig = —18.67 A

12

10V

v—12
12,000

n v—10 n v -
20,000 12,500

v="7.03125V

0

Solving,
10,000

Viok = 75 =+~

03125) = 5.625 V
127500(703 5) = 5.625

Vin=v—-10= —-4.375V



Problems 4-85

Ry, = [(12,000]/20,000) + 2500] = 5 kO
R, = Ry = 5kQ
[b]

o ——-437 5uA
5k}

4.375v () e

Pmax = (—437.5 x 107%)%(5000) = 957.03 4 W

P 4.78 Write KCL equations at each of the labeled nodes, place them in standard form, and

solve:
Wy skCy V2 25k V3 10
L iy L i &
13%
£ 20k
i2
3ma (7 £ 4k T £10kQ 2 5k 0
(y10v
L .
v
_ U1 V1 — U2
At vy —3x1073 =0
i * 2000 " 8000
Vg — V1 U2—1O V2 — U3
At vy: =0
2 8000 20,000 ' 2500
- 5 —10
Atvg 22, % 5 —0

2500 - 10,000 * 2000
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Standard form:

1 1 1
ELENL L 0) = 0.003
i (4000 + 8000) M ( 8000) +us(0)

v<—1>+v ! + ! + ! +v (—1>— 10
"\ 8000 >\ 8000 ' 20,000 ' 2500 >\ 2500/ — 20,000

1 1 1 1 10
ui(0) + vz <_2500> s (2500 " 10,000 5000) ~ 5000
Calculator solution:
vy = 10.890625 V vy = 8.671875 V v3 = 7.8125 V
Calculate currents:
iy = 12%50%2 — 66.40625 11 A iy = 12&)8’3 — 4375 A

Calculate power delivered by the sources:

Pama = (3 x 107%)v; = (3 x 107%)(10.890625) = 32.671875 mW
Provmiddie = i2(10) = (66.40625 x 107%)(10) = 0.6640625 mW
Proviep = i3(10) = (437.5 x 107%)(10) = 4.375 mW

Pdeliveredtotal = 32.671875 + 0.6640625 + 4.375 = 37.7109375 mW

Calculate power absorbed by the 5 k(2 resistor and the percentage power:
psk = 15(5000) = (437.5 x 1079)%(5000) = 0.95703125 mW

0.95793125

% delivered to R,:  —otoo220
o delivered to /¢ 377109375

(100) = 2.54%

P 4.79 [a] From the solution of Problem 4.68 we have Rr, = 44.5 k2 and Vi, = —19.8 V.
Therefore

R, = Ry, = 44.5 k2

(—9.9)2
b] p— —22mW
bl p = 1500 m



Problems 4-87
[c]
181,
e
l&/ > |- v_ oo+ 5 a
iy i, ———4p Ay : .
15k () 4k 0 5Kk
90V DTig 10K0) = ok B9KOE 44 5K 2
3 .
b
The node voltage equations are:
U1—90+ U1 +U1—’U2 -
15,000 ~ 10,000 4000 -
V2 — U1 U2 Vg — U3 .
- 19 = 0
1000 ™ 40,000 T 5000 A
V3 — U2
19 =
5000 + 89 000 AT 500 44, 500
The dependent source constraint equation is:
.
AT 0000
Place these equations in standard form:
1 n 1 +1 +( 1)+ (0) + ia(0) 90
v v v 1 =
"\ 15,000 © 10,000 ' 4000/ © *\ 4000/ = 4 15,000

1 | 1 1 1
19) = 0
Y ( 4000) e <4000 10000 © 5000) + ( 5000) Fia(=19)

1 1 1
O -
o1(0) + vz ( 5000) s (5000 89,000 14,500

1 1 .
i (4000) T ( 4000) +03(0) +ia(=1) =0

Solving,
v = 33.2818 V; vy =31.4697V; wv3=-99YV,

Calculate the power:
90 + 33.2818

= —— "7 — 378 mA
g 15,000 m
poov = —(90)(3.78 x 1073) = —340.31 mW
Pdep source = (US - UQ)(lng) = —356.07 mW
> Paev = 340.31 + 356.07 = 696.38 mW

2.2 x 1073

% delivered = m x 100 = 0316%

P 4.80 [a] From the solution to Problem 4.67 we have

) +in(19) =0

in = 453 uA
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Ro(Q) | P(W) | Ry(92) | Po(W)

0 0 20 | 320.00
2 | 200.00 30 | 270.00
6 | 337.50 40 | 230.40
10 | 360.00 50 | 200.00

15 | 345.60 70 | 157.50

[b]

400
350
300
250
200
180
100

a0

Po (watts)

Ro {ohms)
[e] R, =101, P, (max) = 360 W

P 4.81 Find the Thévenin equivalent with respect to the terminals of R,.
Open circuit voltage:

®a Le
Ay
70
200 ib 100
Ay Ay
+t v,

“v - Y \1/0'5‘%_\

(440 — 220) = 5i, — 2iy, — 3i,
0 = —2i, + 10iy — i

ic = 0.5vp; va = 2(iy — ip); le = s — ib



Problems

Solving, i, = 96.8 A; i, = 26.4 A; i = 70.4 A; va = 140.8 V
Vin = Tip, = 184.8 V

Short circuit current:

30 0.5v,

440 — 220 = 5i, — 2ig. — 3ie
0 = —2iy + 3ige — lig

io= 05087 VA =2(ia—is) . o= ia— s
Solving, ise = 60 A; i, =80 A; . =20 A; va =40V

Ry, = Vi ise = 184.8/60 = 3.08Q

R, = 3.080)
(92.4)?
_ — 2772 W
PRo = 73708

With R, equal to 3.08 2 the circuit becomes

4-89
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3.080) 304
ae AW = ’ 33
+ 92,4V -
13.24
J\M %
70
N’
/_\, 4324,
20 ig 10
Wy Ay
+ov,-
OB T30 Y 05,
o Moov o 1o v

220 = 5i; — 3(0.5)(2)(iy — i3) — 205 = 20y + i3

20, =220 — i3 = 220 — 43.2 = 176.8 .. i; = 88.4A
va = 2(iy — i) =904V
iy = 0.50p = 45.2 A

Thus we have

3.080) S0A
ae A &b
1324
AAA,
70
4324
20 100
A i
—> 4524 —>2A
440v(2) 43_2;\\1: 30 * 45.2n
v <
/ﬁS.riA (y220v “

Ve =220+ 3(43.2) — 2 = 3476 V



Problems 4-91

Therefore, the only source developing power is the 440 V source.
pasov = —(440)(88.4) = —38,896 W Power delivered is 38,896 W

2772
38,896

% delivered = (100) = 7.13%

P 4.82 [a] We begin by finding the Thévenin equivalent with respect to the terminals of R,,.

Open circuit voltage
P
+ -

400 80
100V() /_\/ 2200 /_\/ )50V
ll J'3
i
10 ° 120
A, P—'W\zi

The mesh current equations are:

—100 + 4(iy — 42) + 80(iy —i3) + 16i; = 0
50 + 123 4 80(i5 — i1) + 8(i3 — 42) = 0

The constraint equation is:
A =13 — 11
Place these equations in standard form:

i1(4 + 80 + 16) + ip(—4) +i3(—80) +ia(0) = 100
i1(—4) +12(8 +4) +i3(—8) +ia(124) = 0
i1(—80) + i2(—8) +143(124+ 80+ 8) +ia(0) = —50
i1(1) +2(0) + i3(—1) +ia(1) =0

Solving, iy = 4.7 A; 19 = 10.5 A; 13 = 4.1 A; in=-—-006A
AISO, VTh = Vap = —SOiA =48V
Now find the short-circuit current.
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A iz L’VW
40 802
/"\/
100v(2) s00: 11 /_1\3/ ) s0v
1600 120
A LW

Note with the short circuit from a to b that 7 is zero, hence 124 A is also zero.
The mesh currents are:

—100 +4(iy —i9) +16i;, = 0
8(7,2 — 13) + 4(7,2 - 11) = 0
50 + 12i3 + 8(i3 — ia) =0

Place these equations in standard form:

i1(4 4+ 16) + i2(—4) +1i3(0) = 100
i1(—4) +i2(8+4) +i3(—=8) = 0
i1(0) +ia(—8) +i3(12+8) = =50

Solving, i1 =5A; da=0A; iz=-25A
Then, isc = il - i3 =75A
Ry = 48/7.5 = 6.4Q

A &
6.40 +

48v() 24V 2640
&

For maximum power transfer R, = Rp, = 6.4
2

24
b] prnax = — =90 W
b P =54
P 4.83 From the solution of Problem 4.82 we know that when R, is 6.4 €2, the voltage
across R, is 24 V, positive at the upper terminal. Therefore our problem reduces to
the analysis of the following circuit. In constructing the circuit we have used the fact
that ia is —0.3 A, and hence 124i4 is —37.2 V.



Problems

372V i
-+
a
V10 Wiy L 4 A 0‘!2
40 800 ;N
03 + |L378a z
100 (™ - 24V = 50V
800 640
i B i
60 Tiﬂ 120) o
A ;) A
h 4

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

2 — v 24— v,
4.05 =0
Tt T

21)1 + vy = 1044, U1 + 37.2 = V2

Solving, v; = 22.4V; vy = 59.6 V.
It follows that

gy = 22'41_6100 =—4.85A
iy = 59'612_50 =08 A

i2 = 5968_24 =445 A

Ids = —445—-08=—-525A
pioov = 100¢, = —485 W

psov. = 90ig, =40 W

Dds = 37214 = —195.3 W

ZpdeV =485+ 195.3 = 680.3 W

. 90
% delivered = m(lOO) = 13.23%

13.23% of developed power is delivered to load

4-93
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P 4.84 [a] Open circuit voltage

20 v, 40 v,
vy » R — ]
Ty, - % 1
250
2\!&
GO i 5
g i}
®
v

Node voltage equations:
U1 — 60 U1 — 4ZA V1 — Uy

= 0
2 5 4
Vg — Uq
2 = 0
1 + 2vA
Constraint equations:
A = 60 — (%1
. U1 — U2
A = 1

Place the equations in standard form:

U1 (1 + ! + 1) + vy (—1> +ia <—4> +oa(0) = 30

2 5 4 4 5
" (—i)wg <1)+¢A<0)+UA(2) -0
v1(1) + 02(0) + 72 (0) + va(1) = 60
v1(1) + vo(—1) +ia(—4) + va(0) =0

Solving, 1, =20V; wy=-300V; ir=80A; wva=40V

Short circuit current:

20 Wy 40
Ay Ay
TV T —> s
£503
2\!&
B0V i O i,

¥ &
v

The node voltage equation:
U1 — 60 V1 — Y] A (%1
— =0
5T
The constraint equation:




[b]

[c]

Problems
iA = ’U1/4
Place these equations in standard form:
1 1 1 4
-+ -+ - Al—=] = 30
”1(2+5+4)+“( 5)
1
” () INE) = 0
4
Solving, vy =40V; ia=10A
Then, va =60—40=20V
and iSC:iA—2UA:10—40:—3OA
Thus, Ry, = —300/ —30 =100
it »
1000 -
300V 150V =100
+
.
(150)?
max — - 2250 W
b 10
20 40
D Lt
TV T % i,g
£50) _
! 4
6OV 4i Dy, 150Y 2100
i il
_ +
-
The node voltage equation:
v, — 60 v, —4ia v, + 150
+ 1 =0
The constraint equation is:
. U, + 150
A= —""

Place the equations in standard form:

(1+1+1)+,(4> 20 150
Val =+ -+~ ianl—=) = - —
25 4) AU 4
1 150
al\ ™7 Al =
va(=7) +ia() ;
Solving, v, = 30V, in =45 A
Calculate the power:

4-95
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iy = 200 g5 A
2
peov = (60)(—15) =—900 W
a 4
leevs = % =-30A

Peevs = 4(45)(—30) = —5400 W
DPvces = (_150)[2(30)] = —9000 W

Zpdev = 900 + 5400 + 9000 = 15,300 W

2250
15,3000

% delivered = x 100 = 14.7%

P 4.85 [a] First find the Thévenin equivalent with respect to R,.
Open circuit voltage: 74 = 0; 5074 = 0

______________________________________________________

+ —_
_________________________ OV
Ul + vﬂ - a Uzl
L Al L @
100 50 500
£ 1000 Cezsov £ 4000 ¥
0.5125v
é
w

24_01—280_’_7)1—280 U1

100 10 25 400

(280 — vy)
25

v =210V; va =14V

Vi = 280 — va = 280 — 14 = 266 V

Short circuit current

+ — +0.5125vA =0



[b]

_______________________________________________

Problems 4-97

5E|i®+_ 5
v, + v, - . v
'S Ly Al oy & —
00 50) 200 L.
2 1000 Cesov i 2 40000 3
0.5126y
o,
w

U1 vy — 280 vy Uy
— 4+ —— + — 4+ — +0.5125(280) =0
100+ 10 +20+400+ (280)

va =280V
Vg + 50i¢ =
. 280  we
= —+4+ —= =56+ 0.05
(7 5 + 20 + ()

vy =—968V; v, = -5V
iy = i = 56 + 0.05(—968) = 7.6 A

Ry, = Vi Jise = 266/7.6 = 359

R, =350
%0 %
266V 133v 3 350
.

Pmax = (133)?/35 = 505.4 W
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o
501chr p !
ivl . + Vi o~ . v,
*~— i —e
RS 50 500 11
+
i
iz
Si00n g POV .y o0 £ 4000 ¥
~ 0.512Fv,

U1 V1 — 280 Vg — 133 (%)
— — +0.5125(280 — 133) =0
100 10 - 20 * 400 i ( )

i, = 133/35 =3.8 A

Vg + 50Z¢ = Uy,
Therefore, v; = —189 V and vy = —379 V; thus,

280 — 133 280 + 189
iy =+ 1+0 — 76.30 A

posov (dev) = (280)(76.3) = 21,364 W

P 4.86 [a] Since 0 < R, < oo maximum power will be delivered to the 8 € resistor when

R, =0.

242

P 4.87 [a] 110V source acting alone:

50) 50
+
110V «1 3100 £.50
w

10(14) 35
Re = = —
24 6

, 110 132

= = —
5+35/6 13

132
o= (B)(2) =Ty
6 13 13

4 A source acting alone:
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D&

My
51l 20
+

v"§1DQ §’12Q

5Q10Q =50/15=10/3Q
10/3+2=16/3Q
16/3][12 = 48/13Q
Hence our circuit reduces to:

47,
@

(481310
Ay

+ v -
a

It follows that

! = 4(48/13) = (192/13) V

and
=Y (10/3) = D4 = —(120/13) V
v = = ——0 —
(16/3) 8 ¢
770 120
R/ n__ Y 2AY
v=v +v 13 3 50V

[

v
b] p= -2 =250 W
[b]l p 10
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P 4.88 70-V source acting alone:

40
i 2i)
i
200 N
—II‘DV C ) UT §QQ V'
1; b
- | = 1060
iy
-
v =70 — 4i),
v, vV
ng 1o = lat iy
70 = 20i), + v,
g 70 — vy,
“ 20

11 v 13 70
I I 2 / [— I =
=5, (v —24) + 10 3.5 or i ORI
13 70 3220 1610
/ = _— 4 ( ! —_— > ! = - = —— V
=R TR) Y VT T

50-V source acting alone:

s
4Q Zim
Ay —
200 +
- v"§2£—2 ur C-E'DV
1
=
o 1060
iy
v



Problems

V" =y + 24y

v = —50 + 104

V" 450
a7 10
Lo 0450
T
S U v up v"+50 11, w450
=90 T T T T g T 0% T T 10

vy =" — 20y

. 11 _ v" 4+ 50 , 13 100
=5 S 2 F g o = U g
13 100 200
Thus, U = —4 (42 " + 42) or ’U// = _ﬁ A\

e 2 1610200 1410
enee, U=V U= T T4 T a4 T

P 4.89 10 V source acting alone:

502 100

10v() Va1Z 400

20

—(10) =5V
20—1—5—1—15( )

Vo1 =
20 V source acting alone:
502 1082

Ay Ay
+
Yoz 2 400 20

150 302 ‘
Ay Ay

13.333
Vo2 = (20) =5V
13.333 4+ 10+ 30

4-101
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6 A current source acting alone:

50y, 100

Al Al
+
Y03z 400
150 2002
V’l Ay Ay Y3

w
Ba
&

Node voltage equations:
U1 V1 — Uy

15 5
Vg — V1 V2 Vg — U3

—6 = 0

— 0
5 40 10
U3 — U2 U3
— 46 = 0
10 + 30 +

In standard form:

1 1 1
V1 (1,5—"5)4‘112 <—5>+U3(0) = 6
) el ) en() -
“TE) T 5T a0 T o) TR U0
1 1 1
U1<O) —+ U9 <_10> + V3 (10 + 30) = —0

Solving, vy =22.5V; v =0V, vg =—45V
Note that V3 =V =0V
Finally, Vo =Vl + Vo2 +V3=04+54+0=10V

P 4.90 Voltage source acting alone:

2214
%
410
i:f\@ *
25y £20kQ v,

*

Vo1 — 25 Vo1 929 (Uol - 25) —0

2000 20,000 4000



Problems

Simplifying ~ 5vp1 — 125 + vy1 — 110, + 275 = 0
Vo1 = 30V

Current source acting alone:

221,
N
4k
Ay
i€ N
Sl v_,% 20k0

Vo2 Vo2 Vo2
0.005 — 2.2 =0
4000 * 20,000 * (4000)

Simplifying HUpa + Vg2 + 100 — 11v,9 =0
Voa = 20V
Vo = Vo1 + V2 =304+20=50V

P 4.91 Voltage source acting alone:

400 < o
Ay
200
B’I'jo"o% + & Ay
_ +
135V GOQE Y, S800  A0VEZSQR
+ _
v
—135
=—-225A

"l = 40 + 100]|25

60

—(—~135) = —90 V
9p(~135)

Vo1 =

Current source acting alone:

4-103
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4002 i,
Aty - e :
Lafe
184, 200
00 1 & 2 " 3
BOQEV,, £ 800 £250
+
b 4
U1 (%1
— 4+ —=4+18=0 .. = —360V; 02 = 360 V
30 60 v b e
V2 Vg — U3
—184+ — 0
+80Jr 20
N

ve =441.6 V; w3 =192V; i, =192/40=48A
Vo = Up1 + Vo2 = —90 + 360 = 270 V
lo =11 T2 = —220 +48=250A

P 4.92 6 A source:

10
Aty
%im
A 2200 £ 600 250 2300
30050600 = 40
20
o = 55150

10 A source:



14

Problems

Wl
%lDE

£ 200

L10a 40

4
ip = —(10) = 1.6 A

4-105

240

(Y158

25
75 V source:
% i03 % i03
£ 200 2600 2300 75V —> =200
4
o3 = ——(15) = —24 A
o3 = 5z (19)

lo =11 T2 +io3=484+16—-24=4A

P 4.93 [a] By hypothesis i/ + i = 3.5 mA.

SmA
[z
NS
2k
b l
£ 5%0 $ Bk
o1

= - (-0.005) = —1.25 mA;

1o = 3.5 —1.250 = 2.25 mA

[b] With all three sources in the circuit write a single node voltage equation.

2000
¢ 8000
Vy — 8 i Uy

2000 ~ 6000

+0.005 -0.010=10
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vy = 13.0V
. Up 13.5
o = = _—— =225mA
= 5000 6000 o m
P 4.94 [a]
RTh lL
M ———
+
VThC 60V 2080
.
60 75 — 60 15
! ™ ) ' Ry Ry,
15
Therefore Rty = 3= 5€Q)
. Vo VTh — Vo
b = = —
[b] f R, Ron
Virn — v, %
Therefore R, = Th — Y _ ( Th 1) Ry
UO/RL Vo
P 4.95 [a] w2 (L-xirca
) Al Al
+
v1® v ER0D C}vz
e (L-)re
s s
V—U v V — Uy
R T I B
2ar * R i 2r(L — )
1 1 1
v+ 5+ .

2ecr R 2r(L—x) 2cr  2r(L — x)

_ viRL +zR(vy — v1)
RL + 2rLx — 2rax?
[b] Let D = RL + 2rLx — 2ra?

dv (RL+2rLz —2ra*)R(vy — v1) — [ RL + xR(vy — v1)]2r(L — 2x)
dz D?
dv
dx
The numerator simplifies to

2y 2L — vy ; RL(vy —vy) — 2rv, L? 0
(vy — v1) 2r(ve — v1)

= (0 when numerator is zero.




Problems 4-107

Solving for the roots of the quadratic yields

L R
€Tr = a— {—Ul + \/Ul’UQ — ﬁ(vg — U1)2}
L R
vy — 0y {-Ul + \/’U1U2 — ﬁ(vl — U2>2}

vy =1200V, v, =1000V, L =16km

[e] z =

r=5x10""Q/m; R=39Q

L 16,000
= : = 80; = 1.2 x 10°
v —w 12001000 O 12 8
R , 3.9(—200)2 i
R —0.975 x 10
2z %) 0% 10-5) (16 x 107 8

z = 80{—1000 + v/1.2 x 106 — 0.0975 x 106}
= 80{—1000 + 1050} = 80(50) = 4000 m

[d]
v RL + R(vy — vy)x

RL 4+ 2rLx — 2ra?

(1000)(3.9)(16 x 10%) + 3.9(200)(4000)
(3.9)(16,000) + 10 x 10-5(16,000)(4000) — 10 x 10-5(16 x 106)
975 V

Umin

P 4.96 [a] In studying the circuit in Fig. P4.96 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 va and ig.

The mesh-current approach will require writing one supermesh equation plus
three constraint equations involving the three current 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 1 V source, we
will retain the mesh current 73, and eliminate the mesh currents ¢,, . And 7.

The supermesh is denoted by the dashed line in the following figure.
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[b] Summing the voltages around the supermesh yields
—9i5 + ;lz'a + 0.75¢, + 1 + 5iy, + 7(ie — iq) + 8ic =0
Note that ¢ = ¢, And multiply the equation by 12:
—108iy, + 16i, + 94y, + 12 + 604y, + 84(i. — iq) + 96i. = 0
or
162, — 397 + 1807, — 84iq = —12
Now note:
iy — e = 3ig = ip,; ot = —20p
whence
162, — 391, — 3604}, — 84iq = —12
Now use the constraint that
g — b = —2
la = =2+ 1. = —2 — 20y,

Therefore

—32 — 324, — 3991, — 8414 = —12
—4311, — 84iq = 20

Now use the constraint

—4
1qg = —b6va = —6 <3ia) = 81, = —16 — 167
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Therefore

—431iy, — 84(—16 — 16d,) = 20

or
9134, = —1324
i~ —145 A
prv = lip, & —1.45 W, .. p1v (developed) = 1.45 W
P 4.97 10 - 20
Ay Ay
3v, 30
A + - Ay
Ng 13v
1y 240 S 260 S
S5h
70
B vy E @ D
. + ‘E.i:ﬂ - +
513
80 N v, g 1a
902 - 150V
c Ay
vp — 3V, U — VR
B—C supernode: 1 T 0.1=0
— 3u, _
At node E: %+UE5U +UE7UB+5:O
1
At node D: 1}13—1_?)3%—5—%014—1);:0
Constraint: UA = UB — UR
Constraint: Uy = —va + 924 — 0.9
Constraint: in = (3v, —vp)/4
In standard form:
(3+32) + o) +vs () +oa@ + v (<3) +is0) = 01
UB 1 7 UD VR 7 VA Ve 1 IA = .
1 1 13 .
vg(0) + vp (2 + 3> + vg(0) + va <3) + v,(0) +ia(0) = 4.9
1 1 1 1 3 ,
U (—7> + vp(0) + vg (6 + R + 7) +va(0) + v, (—5> +ia(0) = =5
ve(—1) + vp(0) + vr(1) + va(1) + v,(0) +ia(0) = 0
ve(0) + vp(0) + vE(0) + va(1) + v (1) + ia(=5) = —0.9

vg(1) + vp(0) + ve(0) + va(0) + v (=3) +ia(4) = 0
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Solving, vg=—11.17V; wvp=-2095V; wvg=-16.33V,;
vaA =5.16V; v, =-287V; iax=0064A

PsA = (’UE - UD)<5) =23.1W

The 5 A source absorbs 23.1 W

P4.98 0150 0150
Ay

Ay
125v() D §18.4QD vE1840
la lC: — +
" " D vET160

0.250 0250 + - -
125v(D) D §38_4QD V23340
i, 1y -
My My
0150 0150

The mesh equations are:

—125 4 0.154, + 18.4(iy — i) + 0.25(i, — ip,) = 0
—125 4 0.25(i, — ta) + 38.4(ip, — tq) + 0.154, = 0
0.154. + 18.4(ic — ic) 4+ 0.25(ic — iq) + 18.4(ic —ia) = O
0.15iq + 38.4(iq — i) + 0.25(iq — ic) +38.4(ig —ie) = O
11.67, + 38.4(ic — iq) + 18.4(ic — ic) = 0
Place these equations in standard form:
12(18.8) + i,(—0.25) + i.(—18.4) 4+ i4(0) + i.(0) = 125
ia(—0.25) + i,(38.8) + i (0) + iq(—38.4) + i.(0) = 125
ia(—18.4) +i,(0) + i (37.2) + iq(—0.25) + i.(—18.4) = 0
12(0) 4+ ip(—38.4) 4+ i.(—0.25) + iq(77.2) + i.(—384) = 0
12(0) + ip(0) + ic(—18.4) 4+ iq(—38.4) + i.(68.4) = 0

Solving,

1o =32.T7TA; 1, =2646A; i.=2633A; 19=2327TA; i.=20.14A
Find the requested voltages:

vy = 18.4(i. — i,) = 113.90 V

v = 38.4(ig — i) = 120.19 V

vy = 11.67, = 233.62 V
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P 4.99 10

20 Dé -

~/
:

100w

a D 40
20E i

. 30 Qg 80
D 26

A
16

100 = 61, — Liy + O0ip — 2ig — 24, + O1p — 174
0 = —1i, + 4ip — 2i, + Otq + 07, + 07y + Oy
0 = 0iq — 29 + 137, — 3iq + Ot + 0ip + Oz
0= —2iq + 0tp — 3tc + 9ig — 4i. + 0ip + 07y
0 = =2ty + 0@y + 0ic — 4ig + i — 3iy + Oiy
0 = 0iq + 07y + Ot + 0ig — 31 + 131y — 21,
0 = —1iq + 0t + 02 + Oig + Oic — 244 + 41,
A computer solution yields

1a = 30 A; e = 1D A;
i, = 10 A; iy =95 A,
. =D A; 1g = 10 A;
1q=15A

1 =13—1%% =0A

CHECK: mr =ps = (i)? = (i) = 100 W
pin = (iq — )% = (iqg — ig)2 =400 W
P2c = 2 ib — ic)Q == (’Lg — if)Q =50W

ps = 3(i. — id)2 = 3(i. — if)2 =300 W
pa = 4(ig — ie)2 =0W

ps = 8(i.)? = 8(if)? = 200 W

por, = 2(iq — 19)? = 2(iq — ic)? = 450 W
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100 + 400 + 50 + 200 + 300 + 450 + 0 + 450 + 300+
200 + 50 + 400 + 100 = 3000 W
Zpgen = 100¢, = 100(30) = 3000 W (CHECKS)

Zp abs

p 4 100 dUl _ —Rl [Rg(Rg, -+ R4) + RgR4]
' dly;  (Ri+ Ry)(Rs + Ry) + R3Ry
d'Ul . R1R3R4
dly,  (Ry+ Ry)(Rs + Ry) + R3Ry
dvs N —RiR3Ry
d]gl (Rl + R2)<R3 + R4) + R3R,

dv, R3R4(Ry + R»)

dly  (Ry+ Ro)(Rs + Ra) + RsRy

P 4.101 From the solution to Problem 4.100 we have

dvy  —25[5(125) +3750] 175 V/A
dl,, — 30(125) +3750 12

and

dvy _ —(25)(50)(75) 195 V/A
dl, — 30(125) + 3750

By hypothesis, Al,; =11 -12=—-1A

175 175
Avy = (———)(=1) = — = 14.5833 V
v = (—= ) (-1) = 7
Thus, v; = 25 + 14.5833 = 39.5833 V
Also,

Avy = (—12.5)(=1) = 125V

Thus, vo =90 4+ 12.5 = 1025V
The PSpice solution is

v = 39.5830 V
and
vy = 102.5000 V

These values are in agreement with our predicted values.



P 4.102

P 4.103

Problems

From the solution to Problem 4.100 we have

dvy  (25)(50)(75)

— =125 V/A
dl g 30(125) + 3750
and
dvs B (50)(75)(30) _ 15 V/A

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

Thus, vy =25+ 12.5=375V
Also,

Avy = (15)(1) =15V

Thus, v9 = 90+ 15 =105V
The PSpice solution is

vy =375V
and
vy = 105V

These values are in agreement with our predicted values.

From the solutions to Problems 4.100 — 4.102 we have

duvy 175 duy
—— = ——— V/A; — =125 V/A
d]gl 12 dng
dUQ dU2
—— = —12.5 V/A; — =15V/A
dly dlgo

By hypothesis,

Alyp=11-12=-1A
Alp=17-16=1A
Therefore,

175
Avy = T2 +12.5=27.0833V

4-113
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P 4.104

Avy =125+ 15 = 27.5V

Hence

v = 25+ 27.0833 = 52.0833 V
vy =90+ 27.5=1175V

The PSpice solution is

vy = 52.0830 V
and
vy = 1175V

These values are in agreement with our predicted values.

By hypothesis,

ARy =275—-25=250Q

ARy =45—-5=-050Q

AR3; =55—-50=50

AR, =675—-T75=—-7.5¢Q

So

Avy = 0.5833(2.5) — 5.417(—0.5) 4+ 0.45(5) + 0.2(—7.5) = 4.9168 V
v; = 25+ 4.9168 = 29.9168 V

Avy = 0.5(2.5) + 6.5(—0.5) + 0.54(5) +0.24(—=7.5) = —1.1V
v =90—-11=839V

The PSpice solution is

v, = 29.6710 V
and
vy = 88.5260 V

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



