Chapter 4, Solution 1.
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Chapter 4, Solution 2.

o|4+2)=3Q, i, =i,=—A
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If iy = 1pA, then v, = 0.5uV

Chapter 4, Solution 3.
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(a) We transform the Y sub-circuit to the equivalent A.

2
R|3R = R

3 3p3
4R 4

R+-R=-R
47 2

R, >
4

A\

v, = 75 independent of R

1o = Vo/(R)

When vy =1V, v, = 0.5V, i, = 0.5A

(b) Whenvy,=10V, v,=5V,i,=5A
(c) Whenvy=10V and R = 10Q,
Vo= 5V, i,= 10/(10) = 500mA

Chapter 4, Solution 4.

If I, = 1, the voltage across the 6Q2 resistor is 6V so that the current through the 3Q
resistor is 2A.

A 20 20

< <« ——A\\N\, -
1A | 3A 3A iy
—+

230 60 < 40 Is<1>§zg WS40 ISCT>

(@) (b)
36=20,vo=3@) =12V, i, = %0 =3A.
Hence ;=3 +3 =6A

If IL,=6A—>I,=1
I,=9A — I, = 6/(9) = 0.6667A



Chapter 4, Solution 5.

Vi Vo

§6Q

IfVS:¥ _> V0:1

Then v, =15 — VOZ%XISZ 4.5V

Chapter 4, Solution 6

R,R R
Let R, =R,//R,=—22—, then V, =—2—V,
R, + R, R, +R,
R2R3
V R, R, +R R,R,

k — 9 — — —
V. Ry+R RR . RR+RR +RR

R, +R, '




Chapter 4, Solution 7

We find the Thevenin equivalent across the 10-ohm resistor. To find V4, consider the
circuit below.

3Vi
5Q 5Q
I VA NS BV VAN
+
+
4V <> 15Q Vrn
- 6Q
+ Vi
From the figure,
15
V. =0, Vy =——(#)=3V
" T
To find Ry, consider the circuit below:
3Vi

50 50

4_V <> 15Q T 1A

Atnode 1,

AV gy S KN
5 B 5

Atnode 2,

V.=6xl=6 ——>  258=3V,-7V, (1)

s X



V, =V
X 5 1 2

Solving (1) and (2) leads to V, =101.75 V
£ Vi _ 9

R, =->=101.75Q, P = - =22.11mW
1 4R, ~ 4x101.75

Th

Chapter 4, Solution 8.
Leti=1; + iy,

where 1; and ip are due to current and voltage sources respectively.

6 Q
: W\ i
I
6 Q 4Q 354 @ 20V é’r} 4Q
(a) (b)

i1=L(5)=3A, 1, :£=2A
6+4 6+4

MW

Thusi=i +i,=3+2=5A

Chapter 4, Solution 9.

Leti, =1, +1,,
where 1 is due to 15V source and i, is due to 4A source,

12Q

i
Ix1 1x2

15V 10Q 409§ §12§z 10Q § 400

(@ (b)



For iy, consider Fig. (a).
10/]40 = 400/50 = 8 ohms, i = 15/(12+8) = 0.75
ixi = [40/(40 +10)]i = (4/5)0.75 = 0.6
For iy, consider Fig. (b).
12/|40 = 480/52 = 120/13
ixo = [(120/13)/((120/13) + 10)](-4) = -1.92
ik =06-192 =-132A

p = viy = i’R = (-1.32)’10 = 17.43 watts

Chapter 4, Solution 10.

Let vip = Vap1 T+ Vapa Where vy and v are due to the 4-V and the 2-A sources
respectively.

3va 3v,
100 o 100 G
AN >—e AM— = .
+ +
J’_
4V <_> Vabl1 2A CT) Vab2

o o

(a) (b)

For v,p1, consider Fig. (a). Applying KVL gives,

- Vabl — 3 Vap1 + 10x0 +4 = 0, which leads to vap; 1V
For v,u,, consider Fig. (b). Applying KVL gives,

- Vapo —3Vapz T 10x2 = 0, which leads to vapp = 5

Vab = 1+5 =6V



Chapter 4, Solution 11.

Let 1 = 1; +1,, where 1; is due to the 12-V source and i, is due to the 4-A source.
6 Q i,
MW

12V 2Q 3Q §

(@)

iy 4A iy 4A
§ 6Q 20 § 3Q = §ZQ 2Q0
(b)

For 1, consider Fig. (a).

2|13 = 2x3/5 = 6/5, i, = 12/(6 +6/5) = 10/6
i1 = [3/(2+3)]i, = (3/5x(10/6) = 1 A
For 15, consider Fig. (b), 6|3 = 20hm, i, = 4/2 =2A

i=1+2=3A

Chapter 4, Solution 12.

Let vo = Vo1 T Vop + Vo3, Where vo1, Vo, and vy3 are due to the 2-A, 12-V, and 19-V
sources respectively. For vy, consider the circuit below.

2A 2A
50 4Q

.50
'\/\/\/_ MN > °p AAA
§129 T Vor —
50
MN




6|3 = 2 ohms, 4|12 = 3 ohms. Hence,
ihb, =2/2=1,vq = 5io =5V

For v,,, consider the circuit below.

6Q 5Q 4Q 6Q 5Q
MWAN——N——WN— _y — MW
+V02_ + +V02_

12V SQ§ §IZQ 12V V1§ 3Q §SQ

3018 = 24/11, vi = [(24/11)/(6+24/11)]12 = 16/5
Ver = (5/8)v; = (5/8)(16/5) = 2V

For v,3, consider the circuit shown below.

5Q 4Q 5Q 4Q
MA MA MA—AW,
+Vo3_ => +Vo3_ +

6Q§ § 30 § 12Q 19V ZQ§ 12 Q§V2 19V

71112 = (84/19) ohms, v, = [(84/19)/(4 + 84/19)]19 = 9.975
v = (-5/7T)yv2 = -7.125

Vo = 5+2-7.125 = -125 mV

Chapter 4, Solution 13

Let

I, =i, +i, +1i,,
where 1, 1, and i3 are the contributions to i, due to 30-V, 15-V, and 6-mA sources
respectively. For i;, consider the circuit below.



1kQ 2kQ 3kQ
+ lll
30
-\C) 4kQ 5kQ

3//5=15/8 = 1.875 kohm, 2 + 3//5=3.875 kohm, 1//3.875 =3.875/4.875 = 0.7949
kohm. After combining the resistors except the 4-kohm resistor and transforming the
voltage source, we obtain the circuit below.

Iy
30 mA l
4kQ 0.7949 kQ

Using current division,
0.7949

l =
' 47949
For 1, consider the circuit below.

(30mA) = 4.973 mA

1kQ 2kQ 3kQ

! 15V
4KQ 5kQ O 4

After successive source transformation and resistance combinations, we obtain the circuit

below:
| ] 2.421’1’1A

|

4kQ 0.7949 kQ

Using current division,
i, =— 0.7949 (2.42mA) =-0.4012 mA
4.7949




For 13, consider the circuit below.

o

1kQ 2kQ 3kQ

4

4kQ 5kQ

After successive source transformation and resistance combinations, we obtain the circuit
below:

3.097mA

i3l |

4kQ 0.7949 kQ

;07949
47949

(3.097mA) =—-0.5134 mA
Thus,

i, =1, +i,+1; =4.058 mA

Chapter 4, Solution 14.

Let vo = Vo1 + Vop + Vo3, Where vo1, Vop , and vy3, are due to the 20-V, 1-A, and 2-A
sources respectively. For v,;, consider the circuit below.

6Q
W\

4Q 20
A —AM—

_l’_
20V V01§ 3Q

6//(4 +2) = 3 ohms, vo; = (*2)20 = 10V



For v,,, consider the circuit below.

6 Q 6 Q
VW VW

40 20 4Q 2Q
Wy /\N\’+ s 4@ Wy /\N\’+

1A voz§ 30 voz§ 30

316 = 2 ohms, vo, = [2/(4+2+2)]4 = 1V

For v,3, consider the circuit below.

6Q
M
: ‘/\ZA : ‘/\ZA
4Q 20 30
'\/\/\/ W\/+ = /vv\/
V03§ 3Q 3Q
MV
_V03+

0[|(4+2) =3,ve3 = (-1)3 = -3

Vo= 10+1-3 =8V

Chapter 4, Solution 15.

Let 1 = i; + 1, +13, wherei;, i, , and i3 are due to the 20-V, 2-A, and 16-V sources. For
11, consider the circuit below.

io

A 4

20V 1Q

i 40 §

20 3Q




4|3+ 1) = 2 ohms, Then i, = [20/2+2)] = 5A, i) = i/2 = 2.5A

For 13, consider the circuit below.

’ 10 4Q§

2Q § v i3
. <+> 16V

2I(L+3) = 4/3, vy’ = [(4/3)/((4/3) +4)](-16) = -4

3 =v, /4 =-1

For 15, consider the circuit below.

2Q § (4/3)Q
iy 4Q § | i

3Q

§ 1Q 2A § § 1Q 2A

3Q

2014 = 4/3, 3+4/3 = 13/3

Using the current division principle.

[1/(1+13/2)]2 = 3/8 = 0.375

I

=25+0375 -1 =1875A

—

iR = (1.875)*3 = 10.55 watts

o
Il



Chapter 4, Solution 16.

Leti, = io1 t 1o + 103, Where 1,1, 192, and 1,3 are due to
the 12-V, 4-A, and 2-A sources. For iy, consider the circuit below.

iy 40 3Q 2Q
MA—AVW
12V 10 Q§ 5Q §

10[(3 +2+5) = 50hms, io = 12/(5+4) = (12/9) A

For 1,;, consider the circuit below.

4
i 30 20
—— W\ Wy

4Q § IOQ§

i1

»

»

2+5+4)10 = 7+40/14 = 69/7
iy = [3/(3 +69/7)]4 = 84/90, iz =[-10/(4 +10)]iy = -6/9

For 1,3, consider the circuit below.
i03:

»-

§SQ

L

3+2+4|10 = 5+20/7 = 55/7

i = [5/5+ 552 = 709, ie3 =

io = (12/9) — (6/9) — (5/9)

[-10/(10 + 4)]i> = -5/9

1/9 = 111.11 mA



Chapter 4, Solution 17.

Let vy = vy + Vo + Vi3, Where vy1,Vy, and vy are due to the 90-V, 6-A, and 40-V
sources. For vy, consider the circuit below.

30 Q 10 Q 20 Q
MA WA A— MA
Vx1

90V 60 Q§ 30 Q§

= 3A ZOQ§ 12 Q§

20||30 = 12 ohms, 60||30 = 20 ohms
By using current division,
i, = [20/(22 + 20)]3 = 60/42, vx; = 10i, = 600/42 = 14.286 V
For vy,, consider the circuit below.

i, = [12/(12+30)]6 = 72/42, vy = -10i," = -17.143 V

For vy3, consider the circuit below.

10 Q 10 Q 10 Q i”
\VW— W\ VW=
Vx3 Vx3
30 Q§ 60 Q§ 30Q § 40V 20 Q§ 7.SQ§ 4A
=>

i0” = [12/(12+30)]2 = 24/42, vys = -10i,” = -5.714

vx = 14286 -17.143 -5.714 = -8.571 V



Chapter 4, Solution 18.

Let iy = 1; + 1, where i; and 1, are due to the 10-V and 2-A sources respectively. To
obtain 1;, consider the circuit below.

2Q

i, 10 :
® .

-10 + 10i; +7i; = 0, therefore 1; = (10/17) A

For 15, consider the circuit below.

1Q 2Q

i2 io

-2+ 101, + 71, = 0, but i, +2 = i,. Hence,

2+ 10 +7i,+ 14 = 0, or i, = (-12/17) A

vy = Ixiy = 1(i; + i) = (10/17)— (12/17) = -2/17 = -117.6 mA

Chapter 4, Solution 19.

Let vx = v; + vy, where v; and v; are due to the 4-A and 6-A sources respectively.

ix Vi
|-

ix Va2
§2Q 4 A T 89§V1 §2Q T 6A 8Q v,
— h —
ix

—+ —

4iy - - 4

(a) (b)



To find vy, consider the circuit in Fig. (a).
vi/8 = 4+ (-4ix—vy)/2
But, -1y = (-4ix—v;)/2 and we have -2ix = v;. Thus,
vi/8 = 4+ (2v; —v;)/8, which leads to vi = -32/3
To find v,, consider the circuit shown in Fig. (b).
Vvo/2 = 6+ (4ix — v2)/8
But iy = v»/2 and 2iy = v,. Therefore,
vo/2 = 6+ (2v, —v,)/8 which leadsto v, = -16

Hence, vx = -(32/3)- 16 = -26.67V

Chapter 4, Solution 20.

Transform the voltage sources and obtain the circuit in Fig. (a). Combining the 6-ohm
and 3-ohm resistors produces a 2-ohm resistor (6|3 = 2). Combining the 2-A and 4-A
sources gives a 6-A source. This leads to the circuit shown in Fig. (b).

. i
i

2A §6Q 2Q§39 4A 20 §2Q 6A

(@ (b)
From Fig. (b), 1=6/2=3A

Chapter 4, Solution 21.

To get 1,, transform the current sources as shown in Fig. (a).

i, 60 30
iy+
12V 6V 2A 6Q§ 30 = v, 24
)

(a

(b)



From Fig. (a), -12+9i, + 6 = 0, therefore i, = 666.7 mA
To get v,, transform the voltage sources as shown in Fig. (b).
i=1[6/(3+6)](2+2) = 8/3

Vo = 31 = §

Chapter 4, Solution 22.

We transform the two sources to get the circuit shown in Fig. (a).

5Q 5Q
MA—AWW
10V 4Q § IOQ§ 2A
(@
i
1A IOQ§ 4Q IOQ§ 2A
(b)

We now transform only the voltage source to obtain the circuit in Fig. (b).

10[10 = 5ohms, i = [S/(5+4)]2—1) = 5/9 = 555.5 mA



Chapter 4, Solution 23
If we transform the voltage source, we obtain the circuit below.

8Q

10Q 6Q 3Q 5A
3A

3//6 = 2-ohm. Convert the current sources to voltages sources as shown below.

10Q 8Q 2Q

30V -

Applying KVL to the loop gives
-30+10+7(10+8+2)=0 — [I=1A

p=VI=I"R=8W



Chapter 4, Solution 24
Convert the current source to voltage source.

16 Q2 1Q

AN EN

48V
10Q > V,

<>+12 \%

Combine the 16-ohm and 4-ohm resistors and convert both voltages sources to current
Sources. We obtain the circuit below.

1Q

2.4A 20Q 5Q 2.4A 10Q

Combine the resistors and current sources.
20//5=(20x5)/25=4Q, 24+24=48A
Convert the current source to voltage source. We obtain the circuit below.

40 I
/\/\—/\K

+ +
1 9.2V<> Vo 10Q

Using voltage division,

10

V =——(192)=128 V
10+4+1



Chapter 4, Solution 25.

Transforming only the current source gives the circuit below.

18V

9Q

2Q 30V

Applying KVL to the loop gives,
4+9+5+2)i-12-18-30-30 =0
201 = 90 whichleadsto 1 = 4.5

Vo = 21=9

Chapter 4, Solution 26.

Transform the voltage sources to current sources. The result is shown in Fig. (a),

30[/|60 = 20 ohms, 30[)20 = 12 ohms
10 Q
MW\
+ vy —
3A 30Q§ 60Q§ 6A 30Q§ 20Q§ 2A
(@)
20Q 10 Q 12 Q

MM
@60V @ 96V

(b)




Combining the resistors and transforming the current sources to voltage sources, we
obtain the circuit in Fig. (b). Applying KVL to Fig. (b),

421 — 60+ 96 = 0, which leadsto 1 = -36/42

= 101 = -8.571 V

Chapter 4, Solution 27.
Transforming the voltage sources to current sources gives the circuit in Fig. (a).
10/|40 = 8 ohms

Transforming the current sources to voltage sources yields the circuit in Fig. (b).
Applying KVL to the loop,

40 + (8 +12+20)i+200 = 0 leadsto i = -4
vy 12i = 48V

120

M

+ vy —
S5A 1OQ§ 409§ SA 209§ 2A

(@)

2Q 200
'\/\/\/ NMA—AWW

+ vy —

200V

(b)



Chapter 4, Solution 28.

Transforming only the current sources leads to Fig. (a). Continuing with source
transformations finally produces the circuit in Fig. (d).

4Q 3Q 12v 2Q 5Q 10V
io
MA—( S —W—— -
12V 10Q§
@)
i 40 10Q
MA
12V 109§ 2V
(b)
i 4Q i 4Q 50

12V 109§ 109§ 22A 12V @ 11V c

(© (d)
Applying KVL to the loop in fig. (d),

-12+9i,+ 11 = 0, produces i, = 1/9 = 111.11 mA



Chapter 4, Solution 29.

Transform the dependent voltage source to a current source as shown in
Fig. (a). 2|4 = (4/3) k ohms

4kQ
M
2kQ
AN (4/3) kQ 2Vo
1.5v, MV &
N
{% N 3 mA i 1kQ v,

3 mA T 1kQ§Vo B

(a) (b)
It is clear thati = 3 mA which leads to v, = 10001 = 3V

If the use of source transformations was not required for this problem, the actual answer
could have been determined by inspection right away since the only current that could
have flowed through the 1 k ohm resistor is 3 mA.

Chapter 4, Solution 30

Transform the dependent current source as shown below.

ix 240 60Q2 100
NN

12$ () 300 iy

Combine the 60-ohm with the 10-ohm and transform the dependent source as shown
below.



Ix 24Q

12V () 300 700 0.1ix

Combining 30-ohm and 70-ohm gives 30//70 = 70x30/100 = 21-ohm. Transform the
dependent current source as shown below.

ix 240 210
—

N
12V () 2.1iy

Applying KVL to the loop gives

45i —12+2.1i, =0 —— i, :%:254.8mA

Chapter 4, Solution 31.

Transform the dependent source so that we have the circuit in
Fig. (a). 6||8 = (24/7) ohms. Transform the dependent source again to get the circuit in
Fig. (b). 3Q

MW\
Ty T
12V § 80O § 6O Vy/3
()
3 Q (24/7) Q
_l’_

(8/7)vy

(b)



From Fig. (b),
Vx = 31, or 1 = Vv,/3.
Applying KVL,

12+ 3+ 24/7)i + (24/21)vy =

|
()

I
»
=
)
N
<

12 = [(21 +24)/7]v/3 + (8/7)vy, leadsto vy = 84/23

Chapter 4, Solution 32.
As shown in Fig. (a), we transform the dependent current source to a voltage source,

150 100 Sy

60V § 50 Q § 40 Q

60V § 50 Q § 50 Q 0.1i,

15Q 25Q

60V 2.5ix




In Fig. (b), 50||50 = 25 ohms. Applying KVL in Fig. (c),

-60 +40ix—2.51, = 0, or iy = 1.6 A

Chapter 4, Solution 33.
(a) Rty = 10|40 = 400/50 = 8 ohms
V1, = (40/(40 +10))20 = 16 V
(b) Ry = 30|60 = 1800/90 = 20 ohms

2+ (30-v1)/60 = vi/30, and v; = Vmy

120+30—V1 = 2V1, or vi = 50V
Vm = 50V
Chapter 4, Solution 34.
To find Ry, consider the circuit in Fig. (a). IA
A
10Q 200 Q- 1 200 1,
'\/\/\/ '\/\/\/—0 \ 4 +
40 Q§ <«—Rm 40V 40 Q§ V1n
° —— 'Y
(a) (b)
R = 20+ 10][40 = 20 +400/50 = 28 ohms
To find V1, consider the circuit in Fig. (b).
Atnode 1, (40 —v)/10 = 3+ [(vi —v2)/20] + v1/40, 40 ="Tv| -2V, (1)
(2)

At node 2, 3+ (v1-v2)/20 = 0, or vl = v2-60

Solving (1) and (2), v; =32V, v, =92V, andVy, = v, = 92V



Chapter 4, Solution 35.

To find Ry, consider the circuit in Fig. (a).

Rmy = Ry = 6|3 +12]4 = 2+3 =5 ohms

To find V1, consider the circuit shown in Fig. (b).

Atnode 1,
At node 2,

But,

Rtn
ag u 'b
6Q§ 3Q§ 12 Q § 4Q§
(a)
2A
6Q @ 4Q
AN " o Vm o Vz'\/\/\/
+ +
12V w1 § 3Q 12£2§v2
_L_
(b)

2+(12-vy)/6 = vi/3, or vi = 8

(19 —-vy)/4 = 2+vy/12, or v, = 33/4

19v

Vi+tVmtvy =0, or Vi, = vi—vo, = 8-33/4 = -0.25

RTh=SQ

Vin = (-1/4)V

Vo = Vm/2 = -0.25/2 = -125 mV



Chapter 4, Solution 36.

Remove the 30-V voltage source and the 20-ohm resistor.

Ia
R 10Q § L
§4OQ
l a + VTh
100 § |, S 400 C—) S0V —
ob *b
a
From Fig. (a), R, = 10]|40 = 8 ohms
From Fig. (b), Vin = (40/(10 + 40))50 = 40V

8Q

The equivalent circuit of the original circuit is shown in Fig. (¢). Applying KVL,

30-40+ (8 + 12)i = 0, which leads to i = 500mA



Chapter 4, Solution 37
Ry 1s found from the circuit below.
200
_MJM a
400
12Q
b
R, =12//(20+40) =10Q2
Iy 1s found from the circuit below.
2A
200 ( )
_—/\/; a
VAV
+ 40Q
120v() 120
- \ 4 IN
b

Applying source transformation to the current source yields the circuit below.

.
120v(

200 40Q  +80V -
A V4 NI

)

T

Applying KVL to the loop yields
-120+80+60/, =0 —— [, =40/60=0.6667 A

In



Chapter 4, Solution 38

We find Thevenin equivalent at the terminals of the 10-ohm resistor. For Ry, consider
the circuit below.

1Q
N
50
— RTh
16Q2
R, =1+5/(4+16)=1+4=5Q
For V1, consider the circuit below.
1Q
Vi AV
50 +
3A 16Q2 Vn
+
() 12V
Atnode 1,
v, V,-V.
3=—L4-1L 2 > 48=35V, -4V, (1)
16 4

At node 2,
V.-V, 12-V.
‘4 2 4 . =0 ——> 48=-5V,+9V, (2)

Solving (1) and (2) leads to
Ve =V, =19.2



Thus, the given circuit can be replaced as shown below.

5Q

_|_
19.2\/() Vo 10Q
Using voltage division,
v =19 q92)=128V
10+5

Chapter 4, Solution 39.
To find Ry, consider the circuit in Fig. (a).

10 Q 3Va/bm\g a 10 Q

—a\AA
'\/\/\/ ' 0_.+ Vin +v A
50wV § 40 QV V2

(@)

oL

(b)
- 1-3+10i, = 0, or i, = 0.4

Rt = 1/i, = 2.5 ohms

To find Vy,, consider the circuit shown in Fig. (b).

[(4-v)/10]+2 =0, or v = 24

But, vV = Vi, +3ve = 4V, = 24, which leads to Vi, = 6

Chapter 4, Solution 40.

To find Ry, consider the circuit in Fig. (a).

10 Q

Rtn

Wy

40Q §

ay ¥

20Q
o> AN\—

(@)



R = 10|40 + 20 = 28 ohms
To get V, consider the circuit in Fig. (b). The two loops are independent. From loop 1,
vi = (40/50)50 = 40V
For loop 2, -vo +20x8 +40 = 0, orvy, = 200
But, Vintva—vi =0, Vi =vi=vy = 40-200 = -160 volts
This results in the following equivalent circuit.
28Q
ANMNA—e
+

160V v, § 120

v = [12/(12 + 28)](-160) = -48 V

Chapter 4, Solution 41

To find Ry, consider the circuit below

14Q
a
h
6Q 50
b

R, =5//(14+6)=4Q =R,
Applying source transformation to the 1-A current source, we obtain the circuit below.



6Q - 14V + 14Q  Vry

() a
/
_|_
6V 3A 5Q
b
Atnode a,
14+6-V. V.
— =34 — V,=-8V
6+14 5

I, :Z—”’:(—S)/4:—2A
Th
Thus,
R, =R, =4Q, V,=-8V, [,=-2A

Chapter 4, Solution 42.

To find Ry, consider the circuit in Fig. (a).

200
300
100 200 a® WV *b
. ® AN o) 30Q 300

§IOQ §IOQIOQ§ = IOQ§ §IOQ

(a) (b)

20]|20 = 10 ohms. Transform the wye sub-network to a delta as shown in Fig. (b).
10]30 = 7.5 ohms. Ry, = Ry = 30|[(7.5+ 7.5) = 10 ohms.

To find V., we transform the 20-V and the 5-V sources. We obtain the circuit shown in
Fig. (¢).



n 10 Q 10 Q _
a e M MN——A-+)—7—= b
10 Q 10 Q
Q = 0a
12
30V 50V
(c)

For loop 1, -30+50+301;,—10i; = 0, or -2 = 3111 (1)
For loop 2, -50-10+30i,—10i; = 0, or 6 = -1; + 31, (2)
Solving (1) and (2), 11 =01, =2A

Applying KVL to the output loop, -v,, — 101, +30—-10i, = 0, vy = 10V

VTh = Vap — 10 volts

Chapter 4, Solution 43.

To find Ry, consider the circuit in Fig. (a).

IOQ§ IOQ§ 5Q §

(a)

10 Q2 a b

M\ N -+ Vin —‘+

50V va§109 Vb §59 2A
(b)

R, = 10/[10+5 = 10 ohms



To find V1, consider the circuit in Fig. (b).
vpb = 2x5 =10V, v, = 202 = 10V

But, -vi+Vm+vy =0, or Vi, = v,— vy = 0 volts

Chapter 4, Solution 44.
(a) For Ry, consider the circuit in Fig. (a).
Ry = 1+4|(3+2+5) = 3.857 ohms
For V1, consider the circuit in Fig. (b). Applying KVL gives,
10-24+i(3+4+5+2), ori = 1

Vin = 4i = 4V

30 10 a
AN MN——e
?49 <« Rm
S0
b
< sa

b
() (b)
(b) For Ry, consider the circuit in Fig. (c).
3Q 1Q 3Q 1Q
WV WV WV WV
a0, L, Saa
S0 —
2Q "
§ 50 <« Rm § Vin
50 2A
° °
c c

() (d)



R = 5|(2+3+4) = 3.214 ohms
To get V, consider the circuit in Fig. (d). At the node, KCL gives,
[(24 —v0)/9] +2 = vo/5, or vo = 15

Vi = vo =15V

Chapter 4, Solution 45.

For Ry, consider the circuit in Fig. (a).

6Q 6Q
MWV o MWV

6Q§ 4Q§<=RN 4A§6§z §4Q VIN
(a) ) (b)

Rx = (6 +6)||4 = 3 ohms

For Iy, consider the circuit in Fig. (b). The 4-ohm resistor is shorted so that 4-A current
is equally divided between the two 6-ohm resistors. Hence,

In= 42 = 2A

Chapter 4, Solution 46.

(a) Rx = Ry = 8 ohms. To find Iy, consider the circuit in Fig. (a).

10 Q 60 Q
W\ —+\W\
20V 4Q § v L 2A § 30 Q I 30V
A 4
(@) (b)

In = Ie = 20/10 = 2 A

(b) To get Iy, consider the circuit in Fig. (b).

In = I = 2+30/60 = 25A



Chapter 4, Solution 47
Since V1, = Vap= Vi, we apply KCL at the node a and obtain

30-V,, V.

5 6—TO”+2VTh —>  V, =150/126=1.19V
To find Ry, consider the circuit below.
120 Vi a
2V,
60Q l

At node a, KCL gives
1:2Vx+£+L —> V. =60/126=0.4762
60 12 7

V V.
R, =—+=04762Q, [, =-—"-=1.19/0.4762=2.5
1 R

Th

Thus,
Ve, =119V, R, =R, =0.4762Q, I, =25A

Chapter 4, Solution 48.

To get Ry, consider the circuit in Fig. (a).
101,

2Q
101, 20
Lo
I, +
40 v <T> N
B 1A
(a) (b)
From Fig. (a), L =1, 6-10-V =0,0or V=4

RN = RTh = V/1 = -4 ohms

1A

VTh



To get Vr, consider the circuit in Fig. (b),
I, =2, Vin = -10I, +4l, = -12V

IN = Vi/Rm = 3A

Chapter 4, Solution 49.
Ry = Ry = 28 ohms

To find Iy, consider the circuit below,

40V Iy

Atthe node, (40 —v,)/10 = 3+ (v,/40) + (vo/20), or v, = 40/7
lo = vo/20 = 2/7, but Iy = I(c = i, +3 = 3.286 A
Chapter 4, Solution 50.
From Fig. (a), Ry = 6 +4 = 10 ohms

6 Q 6 Q

vy Iie = IN

§ 4Q A 4Q 12V
e

(@ (b)

From Fig. (b), 2+(12-v)/6 = v/4, or v=96V

-In = (12-v)/6 = 0.4, whichleadsto In = -0.4 A

Combining the Norton equivalent with the right-hand side of the original circuit produces
the circuit in Fig. (c).



i = [10/(10+5)] (4—04) = 24 A

0.4A § 106

i
5Q

4A

Chapter 4, Solution 51.

(a) From the circuit in Fig. (a),

()

Ry = 4|2 +6[3) = 4|4 = 2 ohms

RTh

* | o
6Q 4Q
MA MA

§3Q §2§2

(@)

120V

n Vin
°
6 Q 4Q
MW\ WV

§3Q

6A§2§z

(b)

For Iy or V1, consider the circuit in Fig. (b). After some source transformations, the

circuit becomes that shown in Fig. (c).

20

+ Vi —

4 Q

20

MN—"AWN—" W\

40V

i

12V

(©

Applying KVL to the circuit in Fig. (c),

-40 + 81+ 12 = 0 which givesi = 7/2

V= 4i = 14 therefore I = V/Ry = 14/2 = TA



(b) To get Ry, consider the circuit in Fig. (d).

Ry = 2||(4 +6]]3) = 2|6 = 1.5 chms

6Q 40 20
AW—T—WW\ ¢ " i
3Q§ ZQ§ <«— Rx Vi 19V
. -
(d) (e)

To get I, the circuit in Fig. (¢) applies except that it needs slight modification as in
Fig. (e).

1=72, Vin = 12+21 = 19, Ix = Vm/Rxy = 19/1.5 = 12.667 A

Chapter 4, Solution 52.

For Ry, consider the circuit in Fig. (a).

a
®
§ 3 kQ I § 2 kQ)Q < Ryy
Yy 201,
*y
(@)
3 kQ a
®
_|_
6V Io § 2 kQ VTh
Y 201,
*p
(b)

For Fig. (a), I, = 0, hence the current source is inactive and

R, = 2 k ohms



For V1, consider the circuit in Fig. (b).

I, = 6/3k = 2mA

Vin = (-220L,)(2k) = -20x2x107x2x10° = -80 V

Chapter 4, Solution 53.

To get Ry, consider the circuit in Fig. (a).

0.25v,
2Q a
Ly
6Q § 3Q §Vo 1A
b
(a)

From Fig. (b),
Vo = 2x1 = 2V, -vu +2x(1/2) +v, = 0

Vab = 3V
Ry = va/l = 3 ohms

To get Iy, consider the circuit in Fig. (¢).

0.25v,
60 20 |,
AW
18V 3Q §V0 I. = Ix
b
(c)

[(18 = Vo)/6] + 0.25vVs = (Vo/2) + (Vo/3) OF Vo = 4V

But, (Vo/2) = 0.25v, + In, whichleadsto Iy = 1 A



Chapter 4, Solution 54

To find V1, =Vy, consider the left loop.

-3+1000i, +2V,. =0 ——> 3=1000i, +2V (1)
For the right loop,

V. =-50x40i =-2000i, (2)
Combining (1) and (2),

3=1000i, —4000i, =-3000i, —— i =-ImA
V.=-2000i =2 ——> V, =2

To find Ry, insert a 1-V source at terminals a-b and remove the 3-V independent
source, as shown below.

1kQ Ix
<
J/L
—>
i + + +
2Vy l 401, VN 50 Q <>1V
Vo=l i ==l mA
1000

i =400+ = _80mA +— A = -60mA
50 50

R, == 1/0.060 = —16.67Q
1

X

Chapter 4, Solution 55.

To get Ry, apply a 1 mA source at the terminals a and b as shown in Fig. (a).

I a

»-
L

+
Var/1000 301
8 kQ 50 kQ§ Vab 1mA

()



We assume all resistances are in k ohms, all currents in mA, and all voltages in volts. At

node a,

(Van/50) + 80I = 1 (1)
Also,

-8l = (va/1000), or I = -v4,/8000 (2)
From (1) and (2), (Vap/50) — (80v,,/8000) = 1, or vy, = 100

Ry = va/l = 100 k ohms
To get Iy, consider the circuit in Fig. (b).

8 kQ2 I a

801
2V 50 kQ§ Vab IN
Vapr/1000

(b)

Since the 50-k ohm resistor is shorted,
In = -80I, vop = 0
Hence, 81 = 2 whichleadsto I = (1/4) mA

IN = =20 mA

Chapter 4, Solution 56.

We first need Ry and Ix.
10 2A
+
20V \ § 1Q
a
§ 20 § 40
<« Ry I
bT § 20 \L N
(a)

(b)



To find Ry, consider the circuit in Fig. (a).
Ry = 1+2||4 = (7/3) ohms

To get Iy, short-circuit ab and find I from the circuit in Fig. (b). The current source can
be transformed to a voltage source as shown in Fig. (c).

Vo
+
20V _ 1Q § 40
a
@
v 16V
§ 20 In @ In § Ry 30
@
b
(c) (d)

(20 =vo)2 = [(Vo +2)/1]1 + [(vo + 16)/4], or v, = 16/7
In = (vo+2)/1 = 30/7
From the Norton equivalent circuit in Fig. (d),

i = Rv/(Rn+3), In = [(7/3)((7/3) +3)](30/7) = 30/16 = 1.875 A

Chapter 4, Solution 57.

To find Ry, remove the S0V source and insert a 1-V source at a — b, as shown in Fig. (a).

20 .
a i
B A A
+
3Q§ Vx§6§2 §IOQ 1v
0.5v,
= .
b
(@)
We apply nodal analysis. Atnode A,
1+0.5vy = (1/10) + (1 = vx)/2, or i+vyx = 0.6 (1)

At node B,
(1 =vo)/2 = (vx/3) + (vx/6), and vx = 0.5 (2)



From (1) and (2), i=20.1 and
Rr = 1/i = 10 ohms

To get Vr, consider the circuit in Fig. (b).

> ®
+ +
50V v, < 6Q 10Q vy,
0.5vy
_ o -
b
(b)
Atnode 1, (50 —vy)/3 = (vi/6) + (vi —Vv2)/2, or 100 = 6v; —3v; 3)
Atnode 2, 0.5vx + (vi = v2)/2 = v5/10, vx = vi, andv; = 0.6v, (4)

From (3) and (4),
va = Vi, = 166.67 V
In = Vm/Rm = 16.667 A

Ry = R = 10 ohms

Chapter 4, Solution 58.

This problem does not have a solution as it was originally stated. The reason for this is
that the load resistor is in series with a current source which means that the only
equivalent circuit that will work will be a Norton circuit where the value of Ry =
infinity. Iy can be found by solving for I..

i, Ri v, B iy

Vs § R Le

Writing the node equation at node vo,

i+ Bis = Vo/Ry = (1 + P)iy



But ip = (Vs—Vo)/Ry
Vo = Vs—ile
Vs—ipR; = (1 +B)Raiy, or iy, = Vy/(R; + (1 +B)Ry)

Le = In = -Bip = -BVJ/(R; + (A +B)Ry)

Chapter 4, Solution 59.
R, = (10 +20)[|(50 +40) 30]|90 = 22.5 ohms

To find V1, consider the circuit below.

8A §SOQ §4OQ

i] = iz = 8/2 = 4, 1011 +VTh—20i2 = 0, or VTh = 2012 —10i1 = 1011 = 10x4

Vi = 40V, and In = Vm/Rm = 40/22.5 = 1.7778 A

Chapter 4, Solution 60.

The circuit can be reduced by source transformations.

2A
% 100
. oW ‘
5Q




2A

&
a 10Q b
° AN °
3A
50
WV
2A
.
3A
10V
a 3.333Q b a 3.333Q m
i MWV o ® AN + -
Norton Equivalent Circuit Thevenin Equivalent Circuit

Chapter 4, Solution 61.
To find Ry, consider the circuit in Fig. (a).
Let R = 2||/I18 = 1.8 ohms, R = 2R||R = (2/3)R = 1.2 ohms.

To get Vi, we apply mesh analysis to the circuit in Fig. (d).
20

M\ o2

a2  Zen
=10 =10
= 60

()

ob

o



AN °2
18 Q3
) ' 1.8Q
20 2 220 A o2
18 Q 18 Q
1.8Q § 1.8Q § - RTh
ob °
b
(b) o ©
AN °2

+ +
12V _) 12V C_)
Vin

6Q
ZQ§ i iy §ZQ
1
12V
ob
(d)
-12-12+141; - 61,613 = 0, and 711—-31,—-313 = 12 (1)

12+12+14i2—6i1—6i3:0, and 311 +71,-313 = -12 (2)
14i3—6i1—6i220, and -3i1—3i2+7i3:0 (3)
This leads to the following matrix form for (1), (2) and (3),

7 -3 =3i,] [12
-3 7 -3|i,|=[-12
-3 -3 7 |i, 0



7 -3 -3 7 12 -3
A=|-3 7 -=3=100, A,=-3 -12 -3 =-120

) —

-3 =3 7 -3 0 7

b = A/A, = -120/100 = -1.2 A

Vi = 12+21, =96V, and In = Vi/Rmn = 8

Chapter 4, Solution 62.

Since there are no independent sources, Vi, = 0V
To obtain Ry, consider the circuit below.

0.1i, i
—> 2 <
+
* Vo 100
v "
o wO)
§ 40 QO 20Q
2V,
< + —
At node 2,
ix +0.1i, = (1 —=v1)/10, or 10ix+i, = 1 —v, (1)
Atnode 1,
(v1/20) + 0.1, = [(2vo—Vv1)/40] + [(1 —v;)/10] (2)

But i, = (v1/20) and v, = 1 —vy, then (2) becomes,
1.1v1/20 = [(2 —3vy)/40] + [(1 — v1)/10]
22vy = 2-3vi+4—4v; = 6 —-Tv,
or vi = 6/9.2 (3)

From (1) and (3),
10ix +v;/20 = 1 —v,

10iy = 1—v;—v1/20 = 1—(21/20)v; = 1 —(21/20)(6/9.2)

ix = 31.52mA, R, = 1/ix = 31.73 ohms.



Chapter 4, Solution 63.

Because there are no independent sources, Iy = I = 0 A

Ry can be found using the circuit below.

10 Q 3Q
+

Vo §2OQ

Applying KCL at node 1, 0.5vo + (1 —=vy)/3 = vi/30, butv, = (20/30)v,;
Hence, 0.5(2/3)(30)v; +10—10v; =vy, or v = 10 andi, = (1 -vy)/3 = -3

Ry = 1/1, = -1/3 = -333.3 m ohms

Chapter 4, Solution 64.

With no independent sources, Vi, = 0_V. To obtain Ry, consider the circuit
shown below.

ix = [(1=ve)/1]+[(10ix — v,)/4], or 2v, = 1+ 3i (1)
But iy = vo/2. Hence,
2ve = 1+ 1.5v,, or vo = 2, 1, = (1 =v,)/1 = -1

Thus, R, = 1/i, = -1 ohm



Chapter 4, Solution 65

At the terminals of the unknown resistance, we replace the circuit by its Thevenin
equivalent.
Ry, =2+4//12=2+3=5Q, VTh:i(32):24V

12+4

Thus, the circuit can be replaced by that shown below.

50 I
2O d

+

Applying KVL to the loop,

—-24+51,+V, =0 — V, =24-51,

Chapter 4, Solution 66.

We first find the Thevenin equivalent at terminals a and b. We find Ry, using the circuit
in Fig. (a).

2Q 10V
—(
20
A
AN ° T o]
Rrh § 50
(a) (b)

Rm = 2|(3+5) = 2||8 = 1.6 ohms

By performing source transformation on the given circuit, we obatin the circuit in (b).



We now use this to find Vy,.
10i+30+20+10 =0, or i = -5
Vin+10+2i =0, or Vi, = 2V

p = Vi/(4Rm) = (2)Y/[4(1.6)] = 625 m watts

Chapter 4, Solution 67.
We need to find the Thevenin equivalent at terminals a and b.
From Fig. (a),

Ry, = 4/|6 + 8|12 = 2.4+ 4.8 = 7.2 ohms
From Fig. (b),

101, -30 = 0, ori; = 3

.
S40 Sen
<4 R
§12§2 ;89
.
(a) (b)

20i+30 = 0, or i = 1.5, Vrp = 611 + 81, = 6x3-8x1.5 =6V
For maximum power transfer,

p =V /(4Rm) = (6)/[4(7.2)] = 1.25 watts



Chapter 4, Solution 68.

This is a challenging problem in that the load is already specified. This now becomes a
"minimize losses" style problem. When a load is specified and internal losses can be
adjusted, then the objective becomes, reduce Rrpey as much as possible, which will result
in maximum power transfer to the load.

Removing the 10 ohm resistor and solving for the Thevenin Circuit results in:
R = (Rx20/(R+20)) and a Voo = V= 12x(20/(R +20)) + (-8)

As R goes to zero, Ry, goes to zero and Vry, goes to 4 volts, which produces the
maximum power delivered to the 10-ohm resistor.

P=vi =v¥R = 4x4/10 = 1.6 watts

Notice that if R = 20 ohms which gives an R, = 10 ohms, then V1, becomes -2 volts and
the power delivered to the load becomes 0.1 watts, much less that the 1.6 watts.

It is also interesting to note that the internal losses for the first case are 12%/20 = 7.2 watts
and for the second case are = to 12 watts. This is a significant difference.

Chapter 4, Solution 69.

We need the Thevenin equivalent across the resistor R. To find Ryy, consider the circuit
below.

2kQ v,
AV
+

10 kQ§ Vo § 40 kQ T § 30 kQ

3v,

ImA

Assume that all resistances are in k ohms and all currents are in mA.



10/40 = 8, and 8 +22 = 30
1 +3v, = (vi/30) + (v1/30) = (vi/15)

15 +45v, = v
But v, = (8/30)vy, hence,

15 + 45x(8v1/30) vi, which leads to v; = 1.3636
R, = vi/1 = -1.3636 k ohms

To find Vrp,, consider the circuit below.

10kQ v, 22kQ v,

WV WV o
+ +
100V v Z 40ke ] 230k vy,
3v,
_ o—
(100 = vo)/10 = (vo/40) + (Vo — v1)/22 (1)
[(Vo — v1)/22] + 3v, = (v1/30) 2)

Solving (1) and (2),
vi = V1 = -243.6 volts

p = Vi/(4Rm) = (243.6)2/[4(-1363.6)] = -10.882 watts



Chapter 4, Solution 70

We find the Thevenin equivalent across the 10-ohm resistor. To find V4, consider the
circuit below.

3Vi
5Q 5Q
I VA NS BV VAN
+
+
4V <> 15Q Vrn
- 6Q
+ Vi
From the figure,
15
V. =0, Vy =——(#)=3V
" n=1ses)
To find Ry, consider the circuit below:
3Vx

5Q 5Q

4_V <> 150 T 1A

Atnode 1,

4_ J—



At node 2,
v, -V,
143V +—==0 —— V,=V,-95 (2)
x 5 1 2

Solving (1) and (2) leads to V, =101.75 V

2

VTh _ 9
4R, 4x101.75

%
Ry, ==+ =101.750, P = =22.11mW

Chapter 4, Solution 71.

We need Ry, and V1, at terminals a and b. To find Ry, we insert a 1-mA source at the
terminals a and b as shown below.

10 kQ

a
+
3 kQ § Vo § 1 kQ N 40 kQ
B 120v, ImA
.
N b

Assume that all resistances are in k ohms, all currents are in mA, and all voltages are in
volts. Atnode a,

1 = (vo/40) + [(va + 120v,)/10], or 40 = 5v, +480v, (1)
The loop on the left side has no voltage source. Hence, v, = 0. From (1), v, = 8 V.
Rt = v/l mA = 8 kohms
To get Vr, consider the original circuit. For the left loop,
Vo = (1/4)8 =2V
For the right loop, vk = V1, = (40/50)(-120v,) = -192
The resistance at the required resistor is
R = Ry, = 8 kohms

p=Vm/(4Rm) = (-192)*/(4x8x10%) = 1.152 watts



Chapter 4, Solution 72.

(a) Rt and Vry, are calculated using the circuits shown in Fig. (a) and (b)
respectively.

From Fig. (a), Ry =2+4+6 = 12 ohms
From Fig. (b), -V +12+8+20 =0, or Vi, = 40
12
4Q 6Q 20 4Q 6Q v
—\VW\—"\\\—e MN—N—\N—- + .
§ 2Q “— Rm 8v Vrn
2
. ov O o
\_/
(a) (b)
(b) 1 = Vn/(Rmm + R) = 40/(12 +8) = 2A
(@) For maximum power transfer, Ry = R, = 12 ohms
(d) p ZVThz/(4RTh) = (40)2/(4x12) = 33.33 watts.

Chapter 4, Solution 73

Find the Thevenin’s equivalent circuit across the terminals of R.

10 0 250

200 50

R, =10//20+25//5=325/30=10.833Q2



10 © 25Q

200 50

20 5
V. =—(60) =40, V, =—(60)=10

—V 4V, +V, =0 ——> V, =V, -V,=40-10=30V
Vv, 302

~ =20.77W
4R, ~ 4x10.833

pmax:

Chapter 4, Solution 74.
When R; is removed and V; is short-circuited,
Rt = Ri||R2 + R3||Rs = [R; Ro/( Ry + Ry)] + [R3 Ra/( R3 + Ry4)]

R =Rm= (R1 R; R3 + Ry R; R4+ Ry R3; Ry + R; R3 Ry)/[( Ry + Ry)(R3 + Ry)]

When Ry is removed and we apply the voltage division principle,
Voc = Vi = Vr2 — VR4
= ([R/(R; + Ry)] = [R&/(R3 + RV = {[(R2R3) — (RIRYJ/[(R1 + R)(R3 + Ry)]} Vs
Pmax = Vn/(4Ry)
= {[(R:R3) — (RIR)I/[(R1 + R)(R3 + R} VI[( Ry + Ra)( Rs + Ry))/[4(a)]
wherea = (R; R, R3+ Ry R, R4+ Ry R3 Ry + Ry R3 Ry)

Pmax =

[(R2R3) — (RiR)IPV/[4(R; + Ry)(Rs + Ry) (R R; R; + Ry R; Ry+ Ry R; Ry + R; Ry Ry)]




Chapter 4, Solution 75.

We need to first find Ry, and V..

SAZ AT

§R §R §R<—RTh %}
PY +
@) 1V© 2V 3V¢>
(b)

Consider the circuit in Fig. (a).
(1/Rm,) = (1/R) + (1/R) + (1/R) = 3/R
Rty = R/3
From the circuit in Fig. (b),
(1 =vo)/R)+((2—Vo)/R)+((3—-Vv,)/R) = 0
Vo = 2 = V1
For maximum power transfer,
Ry = Rm = R/3
Poa = [(V1n)/(4Rm)] = 3 mW
Rin = [(Vin)/(4Pmax)] = 4/(4XPrax) = 1/Pray = RV3

R = 3/(3x107) = 1k ohms

Chapter 4, Solution 76.

Follow the steps in Example 4.14. The schematic and the output plots are shown below.

From the plot, we obtain,



V = 92 V [1=0, voltage axis intercept]
R

= Slope = (120-92)/1 = 28 ohms

< B,

- N\
40.00V 10 0
+| V1

40— R3 §40 C@ 0A

1




Chapter 4, Solution 77.
(a) The schematic is shown below. We perform a dc sweep on a current source, I1,
connected between terminals a and b. We label the top and bottom of source I1 as 2 and
1 respectively. We plot V(2) — V(1) as shown.

Vi = 4V [zero intercept]

Ry = (7.8 —4)/1 = 3.8 ohms

22.00v AN R2 5 bc

o U(2) - U({1)



(b) Everything remains the same as in part (a) except that the current source, 11, is
connected between terminals b and ¢ as shown below. We perform a dc sweep on
I1 and obtain the plot shown below. From the plot, we obtain,

V = 15V [zero intercept]

R = (18.2-15)/1 = 3.2 ohms

IDC

@ZA |11

OA




Chapter 4, Solution 78.

The schematic is shown below. We perform a dc sweep on the current source, 11,
connected between terminals a and b. The plot is shown. From the plot we obtain,

Vi = -80 V [zero intercept]

Ry = (1920 - (-80))/1 = 2 k ohms

6.000V AL
AVAVeY
3k &Y | F1

+| V1 )
F
- GAIN=2C
®




Chapter 4, Solution 79.

After drawing and saving the schematic as shown below, we perform a dc sweep on I1
connected across a and b. The plot is shown. From the plot, we get,

V = 167 V [zero intercept]

R = (177-167)/1 = 10 ohms

R1 R2

A
50.00v JAN ! 166.67V
+ V1 18 1 00.00V L

50 —— @
J— R3 %6 Ji‘ G
} GAIN=0.5

0

IDC




Chapter 4, Solution 80.

The schematic in shown below. We label nodes a and b as 1 and 2 respectively. We
perform dc sweep on I1. In the Trace/Add menu, type v(1) — v(2) which will result in the
plot below. From the plot,

Vr = 40V [zero intercept]

Ry = (40-17.5)/1 = 22.5 ohms [slope]

240.00V

IDC 1 IDC

1m ’

8A

S 200.00V
2 R3 io R4 §40

o W{1) - W2}




Chapter 4, Solution 81.

The schematic is shown below. We perform a dc sweep on the current source, 12,
connected between terminals a and b. The plot of the voltage across 12 is shown below.
From the plot,

Vrm = 10V [zero intercept]

Rmy = (10 - 6.4)/1 = 3.4 ohms.

1
£55%DC

2A

V1 R1 R2
el ANV~ Y y—

18V 3A




Chapter 4, Solution 82.

Vin = Voe = 12V, I = 20A

Ry = Voo/lee = 12/20 = 0.6 ohm.
0.6 Q

12V 20

i=12/26, p=iR = (12/2.6)°(2) = 42.6 watts

Chapter 4, Solution 83.
Vin = Voe = 12V, I = I =15A

R = Vi/In = 8 ohms, Vi, = 12V, R, = 8 ohms



Chapter 4, Solution 84

Let the equivalent circuit of the battery terminated by a load be as shown below.

R

+

V1 <

For open circuit,
R, =0, —— V,=V_=V, =108V
When R; =4 ohm, V. =10.5,

1, =Ye_108/4=27
R

L

But

Vi =V, 12-10.
Vi =Vi+I Ry  — Ry =" L 12 170820.44449
L

Chapter 4, Solution 85

(a) Consider the equivalent circuit terminated with R as shown below.
R
a

+ -

VTh<> Vi < R

b
R 10
Vp = Vin > 6= Vay
R+ Ry, 10+ R,,
or
60+ 6R,, =10V, (1)

where Ry, 1s in k-ohm.



Similarly,

- 30
30+ R,
Solving (1) and (2) leads to

V,, —— 360+I12R,, =30V, )

v, =24V, R, =30kQ

20
b) V, = 24)=9.6
( ) ab 20+30( ) L2 ¥

Chapter 4, Solution 86.

We replace the box with the Thevenin equivalent.

Rtn

VTh

V1 = v+ iRty

When i

1.5, v = 3, which implies that V1, = 3 + 1.5Rp; (1)
Wheni = 1, v = 8, which implies that Vy, = 8 + 1xRy (2)
From (1) and (2), Rty = 10 ohms and V1, =18 V.

(a) WhenR = 4,1 = V/(R+Rp,) = 18/(4+10) = 1.2857 A

(b) For maximum power, R = Ry

Pmax = (Vi)”/4Rm = 18%/(4x10) = 8.1 watts

Chapter 4, Solution 87.

(a)

im =9.975 mA im =9.876 mA

»- »-
L L

+

v(D vz 2] v Enzn

() (b)




From Fig. (a),
Vm = Rmim = 9.975mA x20 = 0.1995V

I5=9.975 mA + (0.1995/Ry) (1)
From Fig. (b),
Vim = Rmim = 20x9.876 = 0.19752 V
I;=9.876 mA + (0.19752/2k) + (0.19752/Ry)

= 9.975 mA + (0.19752/Ry) (2)
Solving (1) and (2) gives,

Rs = 8 kK ohms, I, = 10 mA

(b)

(b)
8k||4k = 2.667 k ohms

in’ = [2667/(2667 +20)](10 mA) = 9.926 mA

Chapter 4, Solution 88

To find Ry, consider the circuit below.

Ry 5kQ
e
30k 20k Q
10k QQ

R, =30+10+20//5 = 44kQ



To find V1, , consider the circuit below.

5kQ

0]

30k dn 20k Q () 0V

10k Q

V,=30x4=120, V, =%(60)=48, Vo =V, =V, =T2V

Chapter 4, Solution 89
It is easy to solve this problem using Pspice.
(a) The schematic is shown below. We insert IPROBE to measure the desired ammeter

reading. We insert a very small resistance in series [IPROBE to avoid problem. After the
circuit is saved and simulated, the current is displaced on IPROBE as 99.99 u/A .

(b) By interchanging the ammeter and the 12-V voltage source, the schematic is shown
below. We obtain exactly the same result as in part (a).



o
ToosoE-0s
e

Chapter 4, Solution 90.
Rx = (R3/R)R; = (4/2)R, = 42.6, R, = 21.3

which is (21.30hms/1000hms)% = 21.3%

Chapter 4, Solution 91.
RX = (R3/R1)R2

(a) Since 0 <R, <50 ohms, to make 0 < Ry < 10 ohms requires that when R,
= 50 ohms, Ry =10 ohms.

10 = (R3/R1)50 or R3 = Ry/5
so we select R; = 100 ohms and R; = 20 ohms

(b) For 0 < R4 < 100 ohms
100 = (R3/R1)50, or R; = 2R,

So we can select R; = 100 ohms and R; = 200 ohms



Chapter 4, Solution 92.

For a balanced bridge, v, = 0. We can use mesh analysis to find v,,. Consider the
circuit in Fig. (a), where 1; and 1, are assumed to be in mA.

2 kQ
A
§ 3kQ/i_2\ § 6 kQ
220V I | % o
T Va -
Sha 2w
0
(a)

220 = 2i; +8(i; —12) or 220 = 10i; —8i» (1)
0 = 24i,—81; or i, = (1/3)1 (2)
From (1) and (2),
11 = 30mA andi, = 10 mA
Applying KVL to loop 0ab0 gives
S5(y—11)) + v+ 101 = 0V

Since vy, = 0, the bridge is balanced.

When the 10 k ohm resistor is replaced by the 18 k ohm resistor, the gridge becomes
unbalanced. (1) remains the same but (2) becomes

0 = 32i, - 81y, or i, = (1/4)i, 3)
Solving (1) and (3),
i; = 27.5mA, i, = 6.875 mA
Vab = S5(11 —12) — 181, = -20.625V

VTh = Vap — -20.625V

To obtain Ry, we convert the delta connection in Fig. (b) to a wye connection shown in
Fig. (¢).



(b) (©)
Ry, = 3x5/(2+3+5) = 1.5k ohms, R, = 2x3/10 = 600 ohm:s,
R; = 2x5/10 = 1 k ohm.
R = Ri+(Ry+ 6)[|(R3+18) = 1.5+ 6.6/|9 = 6.398 k ohms
Ry = Rty = 6.398 k ohms

Pmax = (Vm)(4Rm) = (20.625)%/(4x6.398) = 16.622 mWatts

Chapter 4, Solution 93.

BRoiy
Vs Ix

Vi, + (Rs + Ro)ix + BRoix = 0

ix = VJR;+ A +BIR,)




Chapter 4, Solution 94.
(a) Vo/Vg = Rp/(Rg+ Rs+Rp) (1)
Re = RyJ(Rg+Ry) = Ry
Ry = Ry(Rg + Ry)/(Rp, + Ry + Ry)
R.R, + R;” + RgRy = R,R; + R,R;

RpRs = Re(Rg + Ry) (2)
From (1), Ry/a = Rg+ Ry + R,

R, + Ry = Ry((1/a) — 1) = Ry(1 - a)/a (1a)
Combining (2) and (1a) gives,

Ry = [(1- a)/olRe 3)

= (1-0.125)(100)/0.125 = 700 ohms
From (3) and (1a),
Rp(1 - a)/a = Ry +[(1 - a)/a]R; = Ry/a
R, = Ry/(1-a) = 100/(1 -0.125) = 114.29 ohms

(b)

Vorn Ry

Vi = Vs = 0125V, = 15V
R, = R; = 100 ohms

I = Vi/(Rp + Rp) = 1.5/150 = 10 mA



Chapter 4, Solution 95.
Let 1/sensitivity = 1/(20 k ohms/volt) = 50 pA

For the 0 — 10 V scale,
Rm = Vg/lig = 10/50 pA = 200 k ohms
For the 0 — 50 V scale,
Rm = 50(20 k ohms/V) = 1 M ohm

s
®
~
g

Vin = (R + Rp)

(a) A 4V reading corresponds to

I = (4/10)Ig = 0.4x50 pA = 20 pA

Vi = 20 pA Ry, + 20 pA 250 k ohms

= 4+20 pA Ry (1)

(b) A 5V reading corresponds to

I = (5/50)I = 0.1 x50 pA = S pA

Vi = 5SuA xRy +5 pA x 1 M ohm

Vm =5+5 MA Rt (2)
From (1) and (2)

0 = -1+ 15 pA Ry, which leads to Ry, = 66.67 k ohms

From (1),
Vi = 4+20x10°x(1/(15x10°)) = 5.333 V



Chapter 4, Solution 96.

(a) The resistance network can be redrawn as shown in Fig. (a),
10Q 8Q 10Q
MV MV MN—e o—
/—.\ +
+ . 15)
Iy 40Q 60 Q R
9V <_> () § § VTh § VTh
8Q 10 _
MV MW\—e o—
(@ (b)

R = 10+ 10+ 60||(8 + 8 + 10||40) = 20 + 60|24 = 37.14 ohms
Using mesh analysis,

-9+ 50i; -40i, = 0 (1)
116i, — 40i; = 0 or i; = 2.9i 2)

From (1) and (2), i, = 9/105
Vo, = 601, = 5.143 V
From Fig. (b),
Vo = [R/R+Ry)]Vrn = 1.8
R/(R+37.14) = 1.8/5.143 which leads to R = 20 ohms
(b) R = Ry, = 37.14 ohms

Imax = Vm/(2Rm) = 5.143/(2x37.14) = 69.23 mA

Chapter 4, Solution 97.

§ 4 kQ
+
12V (_) —® B+




RTh = R]HRZ = 6”4 = 2.4 k ohms

Vi = [Ry/(Ri +Ry)]vs = [4/(6+4)](12) = 48V

Chapter 4, Solution 98.

The 20-ohm, 60-ohm, and 14-ohm resistors form a delta connection which needs to be
connected to the wye connection as shown in Fig. (b),

00 30Q R, §/\%30 Q

Ry

60 Q a

() (b)

R; = 20x60/(20 + 60 + 14) = 1200/94 = 12.97 ohms

R, = 20x14/94 = 2.98 ohms

R; 60x14/94 = 8.94 ohms
Rm = R3+Ry||(Ry +30) = 8.94+12.77||32.98 = 18.15 ohms

To find V1, consider the circuit in Fig. (c).

30 Q




Ir = 16/(30 + 15.74) = 350 mA
I = [20/(20 + 60 + 1]y = 94.5 mA
Vi = 141 + 301y = 11.824 V
Lo = Vi/(Ryy +40) = 11.824/(18.15 + 40) = 203.3 mA

Py = Li’R = 1.654 watts
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