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CHAPTER 2 SOLUTIONS
Problem 2.1
From Ohm's law, the current I; through R; is given by

=LV O 0024=2m4
R 3kQ 30000

Notice that 1 V/1 kQ =1 mA.
From Ohm's law, the current I through R> is given by

[221: oV = or =0.0014 =1mA
R, 6k 6000Q

Problem 2.2
From Ohm's law, the current I; through R; is given by

[ =028 60034 =3m4
R~ 800Q

From Ohm's law, the current I through R» is given by

=230 gy
R, 2kQ

From Ohm's law, the current I3 through R3 is given by

=238 oy
R, 3kQ
Problem 2.3

From Ohm's law, the current I; through R; is given by

=028 6 6ma=600u4
R~ 4kQ

From Ohm's law, the current 1> through R» is given by

L=2 28V 6 4ma =400 u4
R, 6kQ
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From Ohm's law, the current I3 through R3 is given by

I, = Y, 12V _ gmA =0.6667mA = 666.5557 uA

TR, 18kQ 3
From Ohm's law, the current 14 through R4 is given by

= 126 ma =200 44
R, 6kO

From Ohm's law, the current Is through Rs is given by

15=£=ﬂ:imA=0.1333mA=133.3333,uA
R, 9kQ 15
Problem 2.4

From Ohm's law, the voltage across R» is given by
Vo=Rb=6kQ x 1.2 mA =6000 x 0.0012=72V

Notice that 1 kQ x 1 mA=1V.
From Ohm's law, the current I; through R; is given by

n=b 28
R L

From Ohm's law, the voltage across R» is given by
Vo=Rb=6kQ x 1.2 mA =6000 x 0.0012=72V

From Ohm's law, the current I3 through R3 is given by

3 = v, =H=O.8mA=800,uA
R, 9kQ
Problem 2.5

From Ohm's law, the voltage across R4 is given by
Vo=Ruls =18 kQ x 0.2 mA = 18000 x 0.0002 =3.6 V

From Ohm's law, the current I3 through R3 is given by
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V., 3.6V

I,=—=——-=0.6mA4=600uA4
R, 6kQ
Problem 2.6

From Ohm's law, the voltage across R4 is given by
Vo =Rals =8 kQ x 0.4 mA =8000 x 0.0004 =32V
From Ohm's law, the current 1> through Ry is given by

4 _ﬂ:%mA:1.06667mA

R, 3kQ

From Ohm's law, the current I3 through R3 is given by

I, = s —ﬂ:EmA:0.53333mA:533.3333,uA

R, 6kQ 30

Problem 2.7

From Ohm's law, the voltage across R3 is given by
Vo=R3l3=42kQ x (1/12) mA =42/12 V=35V
From Ohm's law, the resistance value R» is given by

R, =%=i'l=30k§2
2 —mA
60

1 V/I mA=1kQ

Problem 2.8

The power on R; is

B = PR =(2x107)*x2000=4x10"x2x10’ =8x 10" W =8mW (absorbed)
The power on R is

P, =I’R =(2x107)*x3000=4x10" x3x10° =12x10°W =12mW (absorbed)
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The power on Vs is
B, ==1V,=-2x107x10=-20x10"W = -20mW (released)
Total power absorbed = 20 mW = total power released

Problem 2.9

The power on R; is

v: 48

o

=2.88x107°W =2.88mW (absorbed)

[} =
"R 8000
The power on R is

V: o 48 S
P, =—= =1.92x10"W =1.92mW (absorbed)
* R, 12000

The power on Vs is

P =—1V,=-1x10"x4.8=-4.8x10"W =-4.8mW (released)

Problem 2.10
From Ohm's law, current I; is given by

_ 20V =15V 5V —10mA

I = -
: R 0.5kQ

From Ohm's law, current I, is given by

20710V _ 10V
R, 2kQ

=5mA

[2

From Ohm's law, current I3 is given by

10V -0V 10V

I
} R, 1kQ

10mA

From Ohm's law, current 14 is given by
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10V -15V -5V

= =-5mA
R, 1kQ

1,

Problem 2.11
From Ohm's law, current i is given by

_lov-8y _ 2v _
R, 2kQ

1mA

From Ohm's law, current I; is given by

_12v-10v _2v
R, 1£Q

I, 2mA

From Ohm's law, current I, is given by

10V -5V _ 5V

= =1mA
R, 5kQ

[2

From Ohm's law, current I3 is given by

12V -8V 4V
R, 2kQ

1, —2md

From Ohm's law, current 14 is given by

8V -5V 3V
R, 3kQ

I, ImA

From Ohm's law, current Is is given by

SV SV
R, 4kQ
Problem 2.12

Application of Ohm's law results in

;_34r-24r _10v _

| S5mA
R, 2kQ

13

2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



24V -10V 14V
R, 2kQ

I, TmA

24V 28V 4V
R, 2kQ

=-2mA

1

34V -28V 6V

= —10mA
R, 0.6kQ

[4

28V 10V 18V
R, 6kQ

=3mA

[5

;WY 8y
° R, 56kQ

; Loy _1or
"R 1kQ

10mA

Problem 2.13

The total voltage from the four voltage sources is
V=Vgq+Va+V3+Vy=9V+2V-3V+2V=10V

The total resistance from the five resistors is
R=Ri+R2+R3+R4+R5=3kQ+5kQ+4kQ+2kQ+4kQ=18kQ

The current through the mesh is

r Lor :émA:O.5556mA

R 18000Q 9

From Ohm's law, the voltages across the five resistors are given respectively
Vi=RiI=3x5/9V =159V =5/3V=1.6667V

V2 =Rol=5%x5/9 V=259V =27778 V

V3 =R3l=4x5/9 V=209V =22222V

Vi=R4y=2x5/9V=109V=11111V
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Vs=RsI=4x5/9V =209V =22222V
Problem 2.14

Radius is r = d/2 = 0.2025 mm = 0.2025 x 10> m
A =mr?=1.28825x107 m?

(a)
. — _=2.72850

cd 5.69x10"x7x(0.2025x107)

(b)

R=— = — —_=27.28460
cd 5.69%x10"x7x(0.2025x107")

(c)

R= L - 2000 —— =272.8461Q
cd 5.69%x10"x7x(0.2025x107)

(d)

R= ! 20000 =2728.4613Q

T oA 5.69x107 x7zx(0.2025x107 )
Problem 2.15
From Ohm's law, the voltage across R» is given by
Vo=DbRo=3mAx2kQ=6V
From Ohm's law, the current through R3 is given by

LR L ey
R, 3kQ

According to KCL, current I; is the sum of I and I3. Thus, we have
L=L+LE=3mA+2mA=5mA

The voltage across R is given by

Vi=Ri[=1kQx5mA=5V

Problem 2.16

From Ohm's law, the currents I, I3, and I4 are given respectively by
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v, 6V

=2 =—"—=3md
R, 2kO

LT L
R, 3kQ

L= .y
R, 6kQ

From KCL, current I; is the sum of I, I3, and I4. Thus, we have
L=L+L+I4=3mA+2mA+1mA=6mA

The voltage across R is given by
Vi=Ri[=1kQx6mA=6V

Problem 2.17

From Ohm's law, we have

Vo=R4b=1mA x6kQ=6V

From Ohm's law, the current through R3 is given by

A
R, 3kQ

From KCL, I» is the sum of Iz and I4. Thus,
L=LGL+14=3mA

From KCL, I, is given by
L=-L=2mA

From Ohm's law, the voltage across R is
Vi=Rili=45kQ*x2mA =9V
Problem 2.18

From Ohm's law, we have
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v, 8V

, =2 =4mA
R, 2kQ
LR L Y
R, 4kQ
[1:VS—V; :12V—8V: 4V _ dmA
R, 1kQ 1kQ
[2:VS_V:’ :12V—8V_ 4V —omAd

R, 2k 2kQ
Asacheck, 1 +t L=13+4=6 mA
Problem 2.19

From Ohm's law, we have

5V

= =2mA
2.5kQ

L=rs
R4

V3i=R33=2kQ x2mA=4V

V2=V3+V4=4V+5V=9V

From KCL, we have
L=L+I=5mA

From Ohm's law, we get
Vi=Ri[=1kQx5mA=5V
Problem 2.20

Application of KCL at node a yields
L=lLi+L+1

Solving for I, we obtain
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L=IL-L1-=10mA -5mA -2 mA =3 mA
Application of KCL at node b yields
L+Lh=L+Is

Solving for Is, we obtain

IL=L+L-t=5mA-+3mA-2mA=6mA

§ R1
- AN
2k

a 12 R2 b
1 AWV
3 (103 | 15

() R3
10mA 10k

R5

5k (5/3)k

l |__/W\,_A_‘.
2
44—
AMN—

o

Figure S2.20

Problem 2.21

Application of KCL at node b yields
L=h+1Is

Solving for I, we obtain
L=I-1=15mA-10 mA=5mA
Application of KCL at node a yields
L=L-Ii=5mA-2mA=3mA
Application of KCL at node ¢ yields

=1 +1=2mA+ 10 mA=12mA
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14
l % R4 § R5
1.5k 15mA s (5/6)k

Figure S2.21

Problem 2.22

Application of KCL at node b yields
I =1-14=20 mA - 10 mA =10 mA
Application of KCL at node a yields
L=L-I3=10mA -5mA =5mA
Application of KCL at node ¢ yields
[=L+I4-I5=5mA+ 10 mA - 5mA =10 mA
Application of KCL at node d yields
=L+ I5=5mA+5mA=10mA
Problem 2.23

Application of KCL at node d yields
L=13-10=3A

Application of KCL at node a yields
L[=1L-2=3-2=1A

Application of KCL at node b yields

L=-11-5=-1-5=-6A

19

2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Application of KCL at node ¢ yields
I5=-2-10=-12A

Application of KCL at node e yields
L=-13-13=-(-6)-13=-7TA
Problem 2.24

Summing the voltage drops around mesh 1 in the circuit shown in Figure S2.24 in the clockwise
direction, we obtain

-Vi+ VR +Vr3 =0

Since V1 =30V and Vg1 = 10V, this equation becomes
30+ 10+Vr3 =0

Thus,

Vg3 =30-10 =20V.

Summing the voltage drops around mesh 2 in the circuit shown in Figure S2.11 in the clockwise
direction, we obtain

-Vr3 + Vr2 +VRa =0

Since Vr3 =20V and Vr4 = 15V, this equation becomes
20+ Vr2 +15=0

Thus,

Vg2 =20-15=5V.

+ 10V - + VR2
R1 R2
ANV AN
10k R 15k R
V1
30V <+> VR3 R3 R4 15V
= 30k 45k
=0
Figure S2.24
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Problem 2.25

Consider the loop consisting of V1, R1 and Rs, shown in the circuit shown in Figure S2.25.
Summing the voltage drops around this loop in the clockwise direction, we obtain

-Vi+ VR +Vrs =0

Since V1 =20V and Vri = 10V, this equation becomes
20+ 10+Vrs=0

Thus,

Vrs =20-10=10V.

In the mesh consisting of R4, R3 and Rs, shown in the circuit shown in Figure S2.25, summing
the voltage drops around this mesh in the clockwise direction, we obtain

-Vr4 + Vr3 +Vrs =0

Since Vr3 =5V and Vrs = 10V, this equation becomes
-Vra+5+10=0

Thus,

Vr4 =5+10=15V.

In the mesh consisting of Vi, Rz and R4, shown in the circuit shown in Figure S2.25, summing
the voltage drops around this mesh in the clockwise direction, we obtain

-Vi+ Ve +Vra =0

Since V1 =20V and Vr4 = 15V, this equation becomes
-20+ Vro +15=0

Thus,

Vr2=20-15=5V.
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+ 10V

R1

ANV
1k
+ VR2 - + 5V
R2 R3
AN AN
1k . 2.5k .
e
V1
20V <+> VR4 R4 R5 VR5
= 5k ) 5/6k
K = -
=0

Figure S2.25
Problem 2.26

In the mesh consisting of Ri, Rz and Ra4, upper left in the circuit shown in Figure S2.26, summing
the voltage drops around this mesh in the clockwise direction, we obtain

VRi+ Vr3 - Vra=0

Since Vr1 =5V and Vg3 = 5V, this equation becomes
5+5-Vra=0

Thus,

Vra=5+5=10V.

In the mesh consisting of V1, R4 and Re, lower left in the circuit shown in Figure S2.26, summing
the voltage drops around this mesh in the clockwise direction, we obtain

-Vi+ VR4 +VRre =0

Since V1 =20V and Vr4 = 10V, this equation becomes
-20+ 10+ Vrs =0

Thus,

Vgre =20-10 = 10V.

In the mesh consisting of Rz, R» and Rs, upper right in the circuit shown in Figure S2.26,
summing the voltage drops around this mesh in the clockwise direction, we obtain
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-Vr3 + VrR2- Vrs =0

Since Vr3 =5V and Vrs = 5V, this equation becomes
-5+ Vr2-5=0

Thus,

Vr2=5+5=10V.

In the mesh consisting of Re, Rs and R7, lower right in the circuit shown in Figure S2.26,
summing the voltage drops around this mesh in the clockwise direction, we obtain

-Vr6 + Vrs + Vr7 =0

Since Vre = 10V and Vrs = 5V, this equation becomes
-10+ 5+ Vr7=0

Thus,

Vr7=10-5=5V.

+ 5V - + VR2
R1 R2
MV ANV
1k 4k
+
5V, § R3
+ VR4 - 2k
R4 - R5
ANV AV
1k R 5k .
+ 5V
V1
20V <+> VR6 § R6 R7 VR7
= 30/13k 20/7k
)

Figure S2.26
Problem 2.27
From Ohm's law, the current Is is given by

=5 gy
R, 1kQ
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From Ohm's law, the current I; is given by

; VoV 16V -6V 10V _
'R 5kQ  5kQ

2mA

From KCL, we have

L=Is-Ii=6mA -2mA=4mA

The voltage across R3 is
Vi=R33=1kQx4mA=4V

From KVL, the voltage across R4 is given by
V4i=V3+Vs=4V+6V=10V

The current through R4 is given by

v, 1oV
YR, 5kQ

From KCL, current I» is given by
L=L+L1=4mA+2mA=6mA
Problem 2.28

The voltage across R3 is given by
V2=Ri3=4kQx2mA=8V

From Ohm's law, current I is given by

5:22:32;:4mA
R, 2kO

From KCL, the current through R» is given by
L=LE+L=2mA+4mA=6mA
From KCL, the current through R; is given by

L=L-L=8mA-6mA =2mA
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The voltage across R is given by
Vi=Ri[=7kQQx2mA =14V

Problem 2.29

The voltage across R is given by
Vi=Ri[=5kQx1mA=5V

From KCL, the current through R» is given by
Lb=L-Ii=5mA-1mA=4mA

From KVL, V3 is given by

Vo=V -RLb=5V-05kQ*x4mA=5V-2V=3V
From Ohm's law, current I3 is given by

=23 5y
R, 1kQ

From Ohm's law, current I is given by

AR AR
R, 3kQ

Problem 2.30

Application of KVL around the outer loop yields
-2-V1-3=0

Solving for Vi, we obtain

Vi=-5V

Application of KVL around the top mesh yields
-Vi-4+V2=0

Solving for V2, we obtain

Vo=Vi+4=-1V
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Application of KVL around the center left mesh yields
-V2+5-V3=0

Solving for V3, we obtain

V3=-Vo+5=6V

Application of KVL around the center right mesh yields
-5+4+V4=0

Solving for V4, we obtain

Vy=5-4=1V

Application of KVL around the bottom left mesh yields
-2+V3-Vs5=0

Solving for Vs, we obtain

Vs=-2+6=4V

Problem 2.31

Application of KVL around the outer loop yields
-3-Vi=0

Solving for Vi, we obtain

Vi=-3V

Application of KVL around the lower left mesh yields
-34+V2-1=0

Solving for V2, we obtain

V2=3+1=4V

Application of KVL around the lower right mesh yields

1-V5=0
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Solving for Vs, we obtain

Vs=1V

Application of KCL at node a yields
LI=2+2=4A

Application of KCL at node b yields
L=2+3=5A

Problem 2.32

Resistor R is in series to the parallel combination of Rz and Rs. Thus, the equivalent resistance
Req 1s given by

R, =R +(R,|IR)=R +—2f _2gg0 200012000
' R, + R, 4000+12000
=2000 +w =2000+3000 =5000Q = 5kQ

Instead of ohms (Q2), we can use kilo ohms (k) to simplify the algebra:

2
R, =R+(R,||R)=R +—f _opy Mex 12k, 48K

= = 2k +3k = 5kQ)
R, +R, 4k +12k 16k

If all the resistance values are in kQ, k can be removed during calculations, and represent the
answer in kQ) as shown below.

RR __, 4x12_, 48

R =R +(R,||R,)=R + = =2+—=2+4+3=5kQ
=R+ (R, R ) =R, R, +R, 4+12 16

Problem 2.33

Resistors Rj and R» are in parallel, and resistors R3 and R4 are in parallel. The equivalent
resistance is the sum of R; || R2 and R3 || Ra.

RR,  RR, _10x40 8x56 _400 448

= = =8+7=15kQ
R+R, R,+R, 10+40 8+56 50 o064

Req :(Rl HRz)‘*'(R3 ||R4):
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Problem 2.34
The equivalent resistance is the sum of R; and the parallel combination of Ry, R3, and Ra.

! 5

1 1
Req_R1+(R2HR3HR4)_R1+ﬁ—5+ 1 T 1 + > 1 D
e 4=
R, R, R, 30 60 5 60 60 60

:5+@=5+4:9k§2
15
Problem 2.35

The equivalent resistance of the parallel combination of R4 and a short circuit (0Q2) is given by

_20><0_£_
20+0 20

R, 10

The equivalent resistance is the sum of R; and the parallel combination of Rz and Rs.

R,R
R,=R+(R,||R)=R+—"-=12+

99x22 1 2178
R, + R, 99 +22

+——=12+18=30kQ
121

Problem 2.36

The equivalent resistance R, of the series connection of three resistors R4, Rs, and Re is
Ra=R4+Rs+Re=25+20+33=78kQ

The equivalent resistance Ry of the parallel connection of R3 and Ra is

RRR, 39x78 3042

= = =26kQ
R.+R, 39+78 117

R, =R[|R, =

The equivalent resistance Req of the circuit shown in Figure P2.5 is the sum of Ri, Ry, and Ro:
Reg=Ri+Rp+R2=10+26 + 14 =50 kQ

Problem 2.37

The resistors Ri and R are connected in parallel. Let R, be R; || Ro. Then, we have

RR, 50x75 50x75 50x3

R, =R||R, === =
\+R, 50+75 125

=10x3=304kQ
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The resistors R3 and R4 are connected in parallel. Let Ry be R3 || R4. Then, we have

RR,  55x66 5x66 5x66
R,+R, 55+66 5+6 11

R, =R,||R, = =5x6=30kQ

The equivalent resistance Req of the circuit shown in Figure P2.6 is given by the sum of Ra and
Ry:

Req = Ra+ Rp =30 kQ + 30 kQ = 60 kQ

MATLAB

clear all;
R1=50000;R2=75000;R3=55000;R4=66000;
Reg=P ([R1,R2])+P([R3,R4])

Answer:
Reqg =
60000

Problem 2.38

The equivalent resistance Req can be found by combining resistances from the right side of the
circuit and moving toward the left. Since R7, Rs, and Ro are connected in series, we have

Ra=R7+Rg+Ro=15+19+20=54kQ
Let Ry be the equivalent resistance of the parallel connection of R¢ and Ra.. Then we have

R =R ||R - RexR _27x54 1x54 54
R+R, 27+54 142 3

Let R be the sum of R4, Ry, and Rs. Then, we have
Rc=R4+Rp+Rs=6+ 18 +4 =28 kQ).
Let Rq be the equivalent resistance of the parallel connection of R3 and Rc. Then, we have

RyxR, ~ 21x28 3x28 3x28
R,+R. 21+28 3+4 7

R, =R||R = =12kQ

The equivalent resistance Req is the sum of Ry, R4, and Ra. Thus, we have

Reg=Ri+Rg+R2=3+12+5=20kQ
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MATLAB

clear all;
R1=3000;R2=5000;R3=21000;R4=6000;R5=4000;R6=27000;R7=15000;R8=19000;R9=20000;
Reg=R1+R2+P ([R3,R4+R5+P ([R6,R7+R8+R9]) ])

Answer:

Req =
20000

Problem 2.39
Let Ra be the equivalent resistance of the parallel connection of Rs and Re. Then, we have

Ra=R5||R6=R5XR6=2OX20=1X20=§=101<Q
R, +R, 20+20 1+1 2

Let Ry be the equivalent resistance of the series connection of R4 and Ra. Then, we have
Ry=Rs+Ra=10+10=20kQ.
Let R be the equivalent resistance of the parallel connection of R3 and Rp. Then, we have

R =R || = RXR_20x20_1x20 20 ., 0
Ry+R, 20420 1+1 2

Let Rq be the equivalent resistance of the series connection of R, and R¢. Then, we have
Ri=R2+Rc=10+10=20kQ.

The equivalent resistance Req of the circuit shown in Figure P3.8 is the parallel connection of R;
and Rg. Thus, we get

R xR
R,=R IR, = Ry 20620 1330 204640
R+R, 20+20 1+1 2

MATLAB

clear all;
R1=20000;R2=10000;R3=20000;R4=10000;R5=20000;R6=20000;
Reqg=P ([R1,R2+P ([R3,R4+P([R5,R6])1) 1)

Answer:
Req =
10000
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Problem 2.40

P 1 ~ 1 _ 60000
“o . 1. 1. 1 ! 1 Lo 1 304+12+15+20

et + +
R R, R, R, 2000 5000 4000 3000

= 9990 _779.22080
77

>> R1=2000;R2=5000;R3=4000;R4=3000;
>> Req=P ([R1,R2,R3,R4])
Req =

7.792207792207792e+02

Problem 2.41
Let Ry = Rz|| R3||R4, R1o = R¢||R7||Rs, and R11 = Rg + Rs + Rio. Then, Req = Ri||R11.

1 1
Rg—1 = I I =534.6535CQ2

.t + +
R, R, R, 1000 2700 2000

1 1
Rlo—l =— i : =750Q

IS A + +
R, R R, 2000 1500 6000

Ri1=Rgo+Rs+Rjp=3.7837 kQ

— RlRll
“ R+R,

=2.877215kQ2

clear all;
R1=12000;R2=1000;R3=2700;R4=2000;R5=2500;R6=2000;R7=1500;R8=6000;
R9=P([R2,R3,R4])

R10=P([R6,R7,R8])

R11=R9+R5+R10

Reg=P ([R1,R11])

Answer:

Req =
2.877214991375255e+03

Problem 2.42
Let Rs = R1||R2, R7 = R3||R4. Then we have

R, =ﬂ=571.4286§2
R +R,
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R, = R _ 1.66667 kQ
R, +R,

clear all;
R1=600;R2=12000;R3=2000;R4=10000;R5=500;
R6=P([R1,R2])

R7=P ([R3,R4])

Reg=R6+R7+R5

Answer:
Req =
2.738095238095238e+03

Problem 2.43

Let Ro = R3||[R4, R10 = Rs||Rs, Ri1 = R7||Rg, R12 = R2 + Rg, R13 = Rig + Ry1. Then,
Req = RI + (R12||R13)-

o _ RixR, _ 60kx20k _ 1200k

. = = =15kQ
R,+R, 60k+20k 80
. Ry xRy _10kx15k _ 150k — 6kO
R,+R, 10k+15k 25
R - R, xR, 20kx30k 600k _12kO

"R +R, 20k+30k 50
Ri2 = Ry + Ro = 3kQ + 15k = 18k
Ri3 =Rio+ Ri1 = 6kQ + 12kQ = 18kQ

Req = Ri + (R12[R13) = 6kQ + (18kQ|18kQY) = 6kQ + 9kQ = 15kQ

clear all;
R1=6000;R2=3000;R3=60000;R4=20000;R5=10000;R6=15000;R7=20000;R8=30000;
R9=P ([R3,R4])

R10=P([R5,R6])

R11=P([R7,R8])

R12=R2+R9

R13=R10+R11

Reg=R1+P([R12,R13])

Req =
15000

Problem 2.44

Let R¢ = R4||Rs, R7 = R3 + Rg, Rg = R2||R7. Then, Reqg = R1 + Rs.
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R = R, xR,  2kx3k —6_k:1_2kQ

° R,+R, 2k+3k 5

R7=Rj3+ R¢ = 1.8kQ + 1.2kQ) = 3kQ

R, xR, Tkx3k 21k
R,+R, Tk+3k 10

R, = 2.1kQ

Req =Ri1 + Rg=0.9kQ + 2.1kQ) = 3kQ

clear all;
R1=900;R2=7000;R3=1800;R4=2000;R5=3000;
Reg=R1+P ([R2,R3+P([R4,R5])]

Answer:
Req =
3000

Problem 2.45
Let Rg = R¢||R7, Ro = R4 + Rs + Rg. Then, Req = Ri||R2||R3]|Ro.

_ R,xR, _20kx80k 1600k

- - - =16k
R.+R 20k+80k 100

Ry

Ro = R4 + Rs + Rg = 10kQ + 4kQ + 16kQ = 30kQ

1 1
R, = 1 1 1 1 1 1 1 1 24K
—t—t—+— + + +
R R, R, R, 4000 10000 30000 30000

1

clear all;
R1=4000;R2=10000;R3=30000;R4=10000;R5=4000;R6=20000;R7=80000;
Reg=P ([R1,R2,R3,R4+R5+P ([R6,R7]) ]

Reqg =
2400

Problem 2.46
Let Rg = R3||[R4, Rog = R¢||R7, R1o = Rg + Rs + Ro. Then, Req = Ri||R2|[R10.

n _ RixR, _10kx10k _ 100k

= _ = =5kQ)
R,+R, 10k+10k 20

R - RyxR, 10kx15k 150k

= _ == =6k
R.+R, 10k+15k 25
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Rio = Rg + Rs + Ro = 5kQ + 4kQ + 6kQ = 15kQ

1 1 30000 30000
R, = 1 1 1 1 1 1 30000 30000 30000 15 2k
— + + + +
R R, R, 3000 10000 15000 3000 10000 15000

clear all;
R1=3000;R2=10000;R3=10000;R4=10000;R5=4000;R6=10000;R7=15000;
Reg=P ([R1,R2,P([R3,R4])+R5+P([R6,R71) 1)

Req =
2000

Problem 2.47

The voltage from the voltage source is divided into Vi and V3 in proportion to the resistance
values. Thus, we have

po R 2
R+R, ' 25+75

20 V=%20 V=35V

v=—tey o T2 sop_3r=isy
R+R, ' 25+75 4

Notice that V> can also be obtained from Vo =Vs -V =20-5=15V.
Problem 2.48
The equivalent resistance of the parallel connection of R» and R3 is given by

R,R,  38kx57k 2166

R,=R,||R, = = = k=228 kQ
R,+R, 38k+57k 95
The voltage Vi across R; is given by
- R - 27.2 25V:27'225V=27'2V=13.6V
R +R, ~ 2724228 50 2

The voltage V» across R> and R3 is given by

R, V. 22.8 25V=%25 Vz%l/:llAV

V= ;=
R+R, =~ 272+228 50

Notice that V> can also be obtained from Vo =Vs -V =25-13.6=114V.
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Problem 2.49
Let Rs be the equivalent resistance of the parallel connection of Ry and Rz. Then, we have

_ RR, 30kx95k 2850

= = =2 k=228 kO
R +R, 30k+95k 125

Let R¢ be the equivalent resistance of the parallel connection of R3 and R4. Then, we have

p o RR. _62kx93k 5766 ..
° R,+R, 62k+93k 155 '

The circuit reduces to

+ V1
R5

NNV
+
Vs 22.8k
30V V2 R6
37.2k

A

The voltage V1 across Rs is given by

= Ry v, = 228 XgoV:ﬁme:ﬁV:llAV
Ri+R, °~ 22.8+372 60 2

The voltage V; across Rg is given by

R, V 37.2 37.2 37.2

v, = = x30V=—-x30V=—-V=186V
R.+R, ~ 228+372 60 2

Notice that V> can also be obtained from V,=Vs-V;=30-11.4=18.6 V.

Problem 2.50

Let Rs be the combined resistance of the series connection of R3 and R4. Then, we have
Rs=R3+ R4 =24 kQ + 60 kQ = 84 kQ.

Let R be the equivalent resistance of the parallel connection of R> and Rs. Then, R is given by

R,R
R6:R2||R5:R2 . :42kX84k:3528k:28kQ
L+ R, 42k +84k 126
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The circuit reduces to

R1

AN
+
Ve 22k
20V V1 R6
28k
-0

The voltage V1 across R is given by

=By 2 o r=ka0r=2Cyoiay
R+R,° 22+28 50 5

The voltage Vi is split between Rz and R4 in proportion to the resistance values. Applying the
voltage divider rule, we have

v, = R, V= 60 ><11.2V:@><11.2V=8V
R, +R, 24+60 84
Problem 2.51

Let R be the equivalent resistance of the parallel connection of R4 and Rs. Then, we have

R, 22kx99% 2178

= - =22k =18 kO
R,+R, 22k+99% 121

Let R7 be the equivalent resistance of the series connection of R3 and Re. Then, we have
R7=R3+ Rs =70 kQ + 18 kQ = 88 kQ.
Let Rg be the equivalent resistance of the parallel connection of R, and R7. Then, we have

g = ReRs _33x88k 2904

- _ =2 k=24 kO
R,+R, 33k+88k 121

The circuit reduces to

R1

MWV
6k +

45v Ve RS
24k

-0

The voltage Vi across Rg is given by
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Byl 2 sy Pasy-Zy_sew
R+R, =~ 6+24 30 2

1

The voltage across R is given by

Vi = R, V.= 6 ><45V=£><45V=§V:9V
R+R, ~ 6+24 30 2

The voltage Vi is split between Rz and Re in proportion to the resistance values. Applying the
voltage divider rule, we obtain

R
Sy = 18 X36V:§x36V:§V:7.3636V
R,+R ' 70+18 88 1

sz

The voltage across R3 is given by

R, 0 a6v=""436 V:%V:28.6364V

V. = V =
©OR+R, T 70+18 88

Problem 2.52

Let Rg be the equivalent resistance of the parallel connection of R¢ and R7. Then, we have

Ro=tuf 02, T2 o
R,+R, 6+12 18

Let Ry be the equivalent resistance of the series connection of Rs and Rs. Then, we have
Ro=Rs5+Rg=5kQ +4kQ =9 kQ.
Let Rio be the equivalent resistance of the parallel connection of R4 and Ro. Then, we have

R,R
BB :18X9k:162k=6kQ
R,+R, 18+9 27

Let Ri1 be the equivalent resistance of the series connection of R3 and Rio. Then, we have
Ri1=R3+Rio=4kQ + 6 kQ =10 kQ.
Let R12 be the equivalent resistance of the parallel connection of R> and Ri1. Then, we have

. R,R,, :4OX10k:400k:8kQ
R, +R, 40+10 50
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The circuit reduces to

R1

AW
4k

24V V1 R12
8k

The voltage Vi across Ri2 is given by

NN B Y LRV VR ST 4
R +R, =~ 4+8 12

The voltage across R is given by

R Vo= 4 ><24V:%><24V=8V

VR1:R 5
\+R, 4+8

The voltage V1 is split between Rz and Rio in proportion to the resistance values. Applying the
voltage divider rule, we obtain

R
v=—fn _p_ 0 ey-Cer=-By_gsy
R,+R, ' 4+6 10 5

The voltage across R3 is given by

R
= V= 4 ><16V:i><16V:£V=6.4V
R, +R, 4+6 10 5

R3

The voltage V: is split between Rs and Rg in proportion to the resistance values. Applying the
voltage divider rule, we obtain

v, = R v, = 4 x9_6V:ix9,6V=%V=4.2667V
R, +R, 5+4 9 3

The voltage across Rs is given by

vo=—Bs p -5 o6v=2x96r=20p_533337
R+R, ° 5+4 9 3
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Problem 2.53

Let R7 be the equivalent resistance of the parallel connection of R4, Rs and Re. Then, we have

R =

7

1 ~ 1
1 1 1 1 1
—t—t—  —t+—F—
R, R, R, 30 36 45

5 6

k=12 kQ

Let Rg be the equivalent resistance of the series connection of R3 and R7. Then, we have
Rs=R3+R7=8kQ + 12 kQ =20 kQ.
Let Ro be the equivalent resistance of the parallel connection of R> and Rs. Then, we have

__RR,_80x20, _ 1600

)= - k=16 kQ
R,+R, 80+20 100

The circuit reduces to

R1

MWy
9%  +

10v Ve R9
16k

The voltage V1 across Ro is given by

=Byl 10 oy Loor=Eyoear
R+R, * 9+16 25 5

The voltage across R is given by

R, __ 9 9 18

Ve = = x10V =—x10V=—V =36V
R+R, ' 9+16 25 5

The voltage V1 is split between R3 and R7 in proportion to the resistance values. Applying the
voltage divider rule, we obtain

R, _ 12 12 96

v, = = X64V =—x64V=""V=384V
R,+R, ' 8+12 20 25

The voltage across R3 is given by
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R
vo=—ts o 8 eav=Srear-Sy_asey
R+R ' 8+12 20 25

Problem 2.54
Let Ro be the equivalent resistance of the parallel connection of R¢, R7 and Rs. Then, we have

1 1
Ry = T ik_9kQ

+

b —+i +—+
R, R, R, 18 27 54

Let Rio be the equivalent resistance of the series connection of Rs and Ro. Then, we have
Rio=Rs+Ro=6kQ +9 kQQ =15 kQ.
Let R11 be the equivalent resistance of the parallel connection of R4 and Rio. Then, we have

_ RR,_30x1S, 450,00
R,+R, 30+15 45

Let R12 be the equivalent resistance of the series connection of R3 and Ri;. Then, we have
Ri2=R3+Ri1=10kQ + 10 kQ =20 kQ.
Let Ri3 be the equivalent resistance of the parallel connection of R> and Ri2. Then, we have

_ RRy _30x20, 600, )0
R,+R, 30420 50

The circuit reduces to

R1

MV
8k +

20v Ve R13
12k

=0
The voltage Vi across Ri3 is given by
R 12 12

Vi=—=58_p = x20V =—x20V =12V
R+R,; = 8+12 20

The voltage across R is given by
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Ve = R V. = 8 ><20V=£><20V=8V
R+R; =~ 8+12 20

The voltage V1 is split between R3 and R in proportion to the resistance values. Applying the
voltage divider rule, we obtain

p=—fu o 10y nyoer
R+R, ' 10410 20

The voltage across R3 is given by

Vs = e V= 10 ><12V:£><12V:6V
R, +R,, 10+10 20

The voltage V» is split between Rs and Ry in proportion to the resistance values. Applying the
voltage divider rule, we obtain

By O ev=2uerv=Lr_z6p
R, +R, 5

Vv, X
6+9 15

The voltage across Rs is given by

vo=—Bs o O jer-Cier-L2y_oay
R+R, ° 649 15 5

Problem 2.55

Let R7 be the equivalent resistance of the parallel connection of R4, Rs and Re. Then, we have

o
L

1
T k=16 kQ
—+—+— +—+
R, R, R, 30 60 80

R, =

Let Rg be the equivalent resistance of the series connection of R; and R». Then, we have
Ro=R;+Ry=10kQ + 30 kQ =40 kQ.
Let Rio be the equivalent resistance of the parallel connection of R3 and Ro. Then, we have

R,R
- _RR :10X40k:400k=8k§2
R,+R, 10+40 50

Rio is in series with R7. The circuit reduces to
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R10

8k

30V <+> R7
= V2 16k

L
=0

The voltage V; across R7 is given by

R
V,= TV, = 16 x3OV:&><3OV:20V
R,+R, 8+16 24

The voltage across Rio is given by

R
Vi = L0 Vs = 8 x 30 V:ix30 V=10V
R, +R, 8+16 24

The voltage Vrio is split between R and R» in proportion to the resistance values. Applying the
voltage divider rule, we obtain

Ve e—R p 220030 0122043 %107 22757
R +R, 10+30 40
Problem 2.56

Let R7 be the equivalent resistance of the parallel connection of Rz + R4 and R3 + Rs. Then we
have

Skx5k 25k’
Sk+5k 10k

R, =(R,+R,)| (R, +R,)="5k| 5k = =2.5kQ)

The voltage Vs is divided across Ri, R7, and Re in proportion to the resistance values. The
voltage across R7 is given by

byl 2 qor=22xa0r =5y
R +R +R, 1+2.5+1.5 5

R7

The voltage across R is given by

R 1
R +R, +R, 1+2.5+1.5

R1

xlOV:%x10V=2V
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The voltage across R is given by

R . .
Vie = . v, = 15 xlOVzgx10V=3V
R +R, +R, 1+2.5+1.5 5

The voltage Vr7 is divided across Rz and R4 in proportion to the resistance values. Thus, we have

Vo=—to y - L sy Lisyop
R, +R, 1+4 5

Vs = R, Vi = 4 X5V=iX5V24V
R, +R, 1+4 5

The voltage Vg7 is divided across Rz and Rs in proportion to the resistance values. Thus, we have

Viy = R, Viy = 3 XSVZEXSV:?)V
R, + R, 3+2 5

Vis = R, Ve, = 2 XSVIEXSVZZV
R, + R, 3+2 5

The voltage at node a, Vs, is the sum of Vr4 and Vgre. Thus, we have
Va=Vrs+ VR =4V +3V =7V

The voltage at node b, Vb, is the sum of Vrs and Vre. Thus, we have
Vb =Vrs + VR =2V +3V =5V

The voltage Vap is the difference of V, and Vy, that is,
Vab=Va—Vp, =7V -5V =2V.

Problem 2.57

Let R7 = R2||R3 and Rg = Rs||Rs. Then, we have

R, =R | R = Ry xRy _ SKYKQ 25,65 5600
R,+R, 5kQ+5kQ 10

_ R xRy _ 2kQx8kQ =EkQ:1.6kQ
R +R, 2kQ+8kQ) 10

Ry =R || R
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The equivalent resistance seen from the voltage source is
Req=Ri+R7+ R4 +Rg=0.5kQ+2.5kQ+0.4kQ + 1.6 kQ=35KkQ
From Ohm’s law, the current I is given by

PO
R S5kQ

eq
The voltage drop across R; is [i1R1 = 2mAx0.5kQ = 1V. The voltage Vi is given by
Vi=Vs-LiRi=10 V-1V =9V.

Since R2 = R3, I = I3 = [1/2 = ImA. The voltage drop across R7 is [1xR7 =2mAx2.5kQQ = 5V.
We can get the same voltage drop from LbR> = 3R3 = 5V. The voltage V> is given by

V2=V -5V=9V -5V =4V.

The voltage drop across Ry is [1xR4 = 2mAx0.4kQ = 0.8V. The voltage V3 is given by
V3=V2-0.8V=4V-0.8V=3.2V.

The current through Rs is given by

1,=05 22y 6ma
R, 2kQ

The current through Re is given by

=0 232 6 4ma
R, 8kQ

Problem 2.58
From the current divider rule, the current Ir; is given by

= R, I = 3 x10mA =6mA
R +R, 2+3

R1

Similarly, the current Ir> is given by

= R, I, = 2 x10mA =4mA
R +R, 2+3

R2
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Problem 2.59

From the current divider rule, the current Ir; is given by

1 1 1
__ R 2 2 _
1R1_1+1+1JS_1+1+1><26mA_6+4+3x26mA_12mA
R R, R, 2 3 4 12 12 12

Similarly, the currents Ir» and Ir3 are given respectively by

b 1 1
___ R __3 __ 3 _
Iy, = 1 1 IS—1 1 1><26mA— c 1 3 x26mA=8mA
— — —+—+—
R R, R, 2 3 4 12 12 12
b I 1
& ___ 4 ___ 4 _
I, T 1 1 I, = 1 1><26mA— c 4 3 x26mA =6mA
— —+—+— —+—+—
R R, R 2 3 4 12 12 12

Problem 2.60
Let R be the equivalent resistance of the parallel connection of R> and R3. Then, Re is given by

_ RR, _ 30kx60k 1800

= - ———k=20kQ
R,+R, 30k+60k 90

Let R7 be the equivalent resistance of the parallel connection of R4 and Rs. Then, R7 is given by

R,R,  90kx180k 180

] - = —k=60kQ
R,+R, 90k+180k 3

Let Rg be the equivalent resistance of the series connection of R and R7. Then, Rg is given by
Rg=Rs+R7=280kQ

The current from the current source Is is split into Ir; and Irs according to the current divider
rule. Thus, we have

I, = Ry I, = 80 x48mA =38.4mA
R, + Ry 20+80
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I = K, I, = 20 x48mA =9.6 mA
R+R, 5 20+80

The current Irs is split into Ir2 and Ir3 according to the current divider rule. Thus, we have

I, = R, I = 60 x9.6mA=6.4mA
R+R ™ 30460
& 1 30 x9.6mA=3.2mA

I, = =
BOR+R ™ 30460
The current Irs is split into Irs and Irs according to the current divider rule. Thus, we have

R, 180
R [RS =
R, 90+180

x9.6mA =6.4mA

[R4 =

R, 90

L = Loy = x9.6mAd =3.2mA
R, +R, 90+180

Problem 2.61

R || R, = R xR, _ AKQXOKQY 2405 4k
R,+R, 4kQ+6kQ2 10

Rs =Rz + (R3]|R4) = 0.6 kQ + 2.4 kQ = 3kQ

The current from the current source, Is =2 mA, is split between I; and I> based on the current
divider rule.

I, =1;x 5 :2mA><3k—Q:0.6mA
R + R TkQ+3kQ
) = g% & Tk 1.4mA

dmAx—t =
R +R, 7kQ +3kQ)

The currents I3 and 14 are found by applying the current divider rule on R3 and Ra.

s dmax—

AmAx ——— = 0.84mA
R, +R, 4kQ+ 6kQ2
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Bl amax— 2
R, +R, 4kQ +6kQ

0.56mA

The voltages Vi and V; are found by applying Ohm’s law.

Vi =LxR; =0.6mAx7kQ =4.2V

V2 =I3xR3 = 0.84mAx4kQ = 3.36V

Problem 2.62

Let Ra be the equivalent resistance of the series connection of R; and R3. Then, we have
Ra=R2+R3=2kQ+5kQ=7kQ

Application of current divider rule yields

Ra

I, =1 x =20mAx =14mA
R +R, 3+7
Rl
, =1 % =20mAx =6mA
R +R +

Problem 2.63

Let Ra be the equivalent resistance of the parallel connection of R> and R3. Then, we have

o _ RxR _20x20

= = k=10kQ
R,+R, 20+20

Application of voltage divider rule yields

R
V=V x—=—=50V x 10

. =20V
© R +R, 15+10

V201

R, 20kQ

LA N
R, 20kQ
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From KCL, we have

Lh=h+h=1mA+1mA=2mA

Problem 2.64

Let Rg be the equivalent resistance of the parallel connection of R¢ and R7. Then, Rs is given by

g = R _Okxisk 18, _
R.+R 9% +18k 3

Let Ro be the equivalent resistance of the series connection of Rs and Rs. Then, Ry is given by
Ryg=Rs+ Rg =10 kQ

Let Rio be the equivalent resistance of the parallel connection of R3, R4 and Ro. Then, Ryo is
given by
1 1 20k
1 1 1 1 1 1 4 SkQ
—+—+— +—+
R, R, R, 20k 20k 10k

RlO =

Let Ri1 be the equivalent resistance of the series connection of R2 and Rio. Then, Ry is given by
Rii=Ry+Rio=10kQ

The current from the current source Is is split into Ir1 and Ir11 according to the current divider
rule. Thus, we have

__ R, __10

I = g = x50mA =20mA
R +R, 15+10

R, __I5

= x50mA =30mA
R +R, 15+10

[Rll =

Notice that Ir2 = Ir11 = 30 mA.

The current Ir11 is split into Ir3, Ir4 and Irg according to the current divider rule. Thus, we have

b 1
_ R, 20 _1 _
I = — Loy, = — ><3OmA—4><30mA—7.5mA
R, R, R, 20 20 10

48

2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



1 1
R "0 1
IR4=1+—14+11R11Z%x30mA=ZX30mA=7.5mA
R, R, R, 20 20 10
b 1
L=t g = 10k x30mA=2x30mA=15m4
1 1 1 1 1 1 4
—+t—+— + +
R, R, R, 20k 20k 10k

Notice that Irs = [ro = 15 mA.
The current Iro is split into Ire and Ir7 according to the current divider rule. Thus, we have

I, = R, I 18k xlSmAz%xlSmAlemA

MTRAR YT Ok +18k

R, 9k
Iy, = Iy =
R, +R, 9k +18k

xlSmAz%xlSmAszA

Problem 2.65
Let Ra be the equivalent resistance of the parallel connection of Ry and R». Then, we have

R = R xR, _90x180 :1X180:6OQ
R+R, 90+180 1+2

Let Ry be the equivalent resistance of the parallel connection of R4 and Rs. Then, we have

o _ RxR_100x150 _2x150

- _ = =600
R,+R, 100+150 2+3

Let R be the equivalent resistance of the series connection of R, and Ry. Then, we have
Rc=Ra+Rp=60Q+60Q=120Q
Application of current divider rule yields

L=l xR g gmax_ 120

3 s X = 2.4mA
R+R 360+ 120

From Ohm's law, the voltage across R3 is given by
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Vi=R3l3=360Q % 0.0024 A =0.864 V
Application of voltage divider rule yields

v, =V x—L — 08647 x—0__ 04327
R 60+ 60

Application of Ohm's law yields

V-V, 0.864-0432 0432
R, 90 90

4.8mA

1

p VoV _0864-0432 0432,
R, 180 180

1= 012y 5y
YR, 100

L=V 0832 egma
> R 150

MATLAB

clear all;format long;
R1=90;R2=180;R3=360;R4=100;R5=150;
Is=9.6e-3;
Ra=P([R1,R2])

Rb=P ([R4,R5])

Rc=Ra+Rb

I3=Is*Rc/ (R3+Rc)
V1=R3*I3

V2=V1*Rb/ (Ra+Rb)
I1=(V1-v2)/R1
I2=(V1-V2) /R2

I14=V2/R4

I5=V2/R5

Answers:
Ra =

60
Rb =

o
o

Rc

N
(]

I3
.002400000000000
V1
.864000000000000
v2
.432000000000000
Il
.004800000000000
I2
.002400000000000

ol ol ol oIl © I =1

I4
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0.004320000000000
I5 =
0.002880000000000

Problem 2.66

Let R, be the equivalent resistance of the series connection of Rs and Re. Then, we have
Ra=Rs+Rs=10Q+5Q=15Q

Let Ry be the equivalent resistance of the parallel connection of R4 and Ra. Then, we have

o _ RxR, _10x15 _150

= = ——-6Q
R,+R, 10+15 25

Let R be the equivalent resistance of the series connection of Rz and Ry. Then, we have
Re=R3+Rp=10Q+6Q=16Q
Let Rq be the equivalent resistance of the parallel connection of R and Rc. Then, we have

2 _RxR, _20x16 320 80 _goo0q
“ R,+R, 20+16 36 9

Let Re be the equivalent resistance of the series connection of Ry and Rq. Then, we have
Re=R;i+R¢=4Q + 8.8889 2 =12.8889 O
Application of Ohm's law yields

V. 100
R 12.8889

e

I, = =7.9786 4

Vi=Ri[1 =4 x7.9786 =31.0345V
From KVL, we have
V2=V;-V;=100-31.0345=68.9655V
Application of Ohm's law yields

I, = 43 :—68'9655V =3.4483 4

R, 200

From KCL, we have
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L=1-12=7.9786-3.4483 =4.3103 A

From Ohm's law, we have

V3 =R3l3=10x4.3103 =43.1034 V

From KVL, we have
V4=V2-V3;=68.9655-43.1034 =25.8621 V

Application of Ohm's law yields

I, :&:M:ng@A
R, 10Q

[ =te 29862V 0nhiy
R, 150

Vs=Rsls =10 x1.7241 = 17.2414 V

Ve =Rels =5 x 1.7241 = 8.6207 V

MATLAB

clear all;format long;
R1=4;R2=20;R3=10;R4=10;R5=10;R6=5;
Vs=100;

Ra=R5+R6

Rb=P ([R4,Ra])
Rc=R3+Rb

Rd=P ([R2,Rc])
Re=R1+Rd

I1=Vs/Re

V1=R1*I1l

V2=Vs-V1

I2=V2/R2

I3=I1-1I2

V3=R3*I3

V4=V2-V3

14=V4 /R4

15=V4/Ra

V5=R5*I5

V6=R6*I5
SV=-Vs+V1+V3+V5+V6
SI=-I1+I2+I4+1I5

Answers:
Ra =

15
Rb
.999999999999999

ol

Rc
16
Rd

| oo |l

.888888888888889
Re =
12.888888888888889
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7.758620689655173
vVl =
31.034482758620690
V2 =
68.965517241379303
12 =
3.448275862068965
I3 =
4.310344827586207
V3 =
43.103448275862071
V4 =
25.862068965517231
I4 =
2.586206896551723
I5 =
1.724137931034482
V5 =
17.241379310344819
V6 =
8.620689655172409
SV =
-3.552713678800501e-15
SI =
-1.998401444325282e-15
Problem 2.67

Let Ra be the equivalent resistance of the parallel connection of R =4 Q) and R7 + Rg + Ro =12
Q. Then, we have

A2 48
4+12 16

Let Ry be the equivalent resistance of the parallel connection of R =4 Q and R3 + R4 + Rs =12
Q. Then, we have

R o124 s
441216

Let R¢ be the equivalent resistance of the series connection of Ri, Ra, and Ry. Then, we have
Rc=Ri+R,+Rp=4Q+3Q+3Q=10Q
The current through R; is

v, 40V

"R O10Q

Application of current divider rule yields

4 _16

1 =—A=14
4+12 16

4 4x
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Problem 2.68

Resistors Ri, Rz, and R3 are connected in delta. These three resistors can be transformed to wye
configuration with resistors Ra, Ry, and R¢ using

_ R1R3 R _ RIRZ R _ R2R3
“ R +R,+R,” " R +R,+R,° ° R +R,+R,

a
a
Ra
R1
R3
Rb
Rc
R2
AWV
b c b c

Substituting the values, we obtain

JESSE L. B L C N N ¥
R+R,+R, 3+2+5 10

o RR_ 3X2 0 60
R+R,+R, 3+2+5 10

R,R,  2x5 _10_11{Q

c:Rl+R2+R3 T3+4245 10

The circuit shown in Figure P2.68 can be redrawn as that shown below.

Ra
1.5k

> § Rb § Rc
0.6k 1k

§ R4 § R5
0.4k 3k

Req
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The sum of Ry and R4 is 1 kQ, and the sum of R and Rs is 4 kQ. These two are connected in
parallel. Thus, we have

Ix4 4
R +R R +R)=1|4=—-=—=0.8kQ2
(R, +R) (R, +Ry)=1]] R

The equivalent resistance Req is the sum of R, and (Rp + R4) || (Rc + Rs):

Req = Ra +0.8=1.5+0.8=2.3kQ.

MATLAB
>> [Ra,Rb,Rc]=D2Y ([3000,2000,5000])
Ra =
1500
Rb =
600
Rc =
1000
>> Reg=Ra+P ([Rb+400,Rc+3000])
Req =
2300
PSpice

R1 R3

3k 5k
R2

2k

R4 R5
0.4k 3k

<
(D
H—W——m—
S

o
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Simulation Settings - bias1

Gieneral | Analysis |.Ecunfiguratiu:un Files | .Elptinns I Diata Callection (i Probe Window|

Analysis ype: Output File Options

| Biaz Point W |

[ Inchude detailed bias point information for nonlinear controlled

gources and zemiconductors [OP]
Options:
Tl sl © abbinms erform sensitraty analysis |.
B1G eneral Settings [ Perform Sensitvi isls [ aEN]
[ Temperature [Sweep] Oitput wariablels) |
[ 15ave Bias Point

: : W | Lalculate zrall-zigna gain [
[ ]Load Biaz Paint [¥] Caleul I-signal DT gain [ TF]

From |nput zource name: |‘v’s |

To Output vanable: |"-"[H5] |

[ k. ][ Cancel ] Apply

Click on View Simulation Output File. Part of the output file reads

* Kk x Kk

SMALL-SIGNAL CHARACTERISTICS

V(R R5)/V Vs = 2.609E-01

INPUT RESISTANCE AT V Vs = 2.300E+03

OUTPUT RESISTANCE AT V(R _R5) =

1.043E+03

The input resistance is 2.3 kQ. Alternatively, just run the bias point analysis (uncheck .TF) and
display currents.

1 147 .8uA
"""""" 287 .0uA B
R1 R3
3k 5k
Vs z#860.87uA
W C) AP
AN 86.96uA
56.96UA
""" X347 BuAl R5
0.4k 3k
i‘
-0
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The current through the voltage source is 434.8pA. The input resistance is given by the ratio of
the test voltage 1V to the current. Thus, we have

114

R, =————-=2.2999 kQ
7 434.8x10
Problem 2.69

The wye-connected resistors Ra, Ry, and R¢ can be transformed to delta connected resistors Ri,
Rz, and Rs.

_RR,+RR +RR, 144x21.6+21.6x12.96+14.4x12.96

R, = 60kQ
R, 12.96

R, - REARRARR _144x216+21.6x12.96+144x12.96 o\ o)
R, 14.4

R - RRARR+RR _144x216+216x1296+144x12.96 ;)

R, 21.6

Similarly, the wye-connected resistors Rg, Re, and Rf can be transformed to delta connected
resistors R4, Rs, and Re.

o _RRARR +RR, _9x162+16.2x135+9x13.5

4 :36kQ
R, 13.5
RS _ RdRe +ReRf +Rde _ Ox16.2+162x13.5+9x13.5 —54k0
R, 9
R = RdRe+ReRf+Rde :9X162+162X135+9X135 :30kQ

° R, 16.2
After two wye-delta transformations, the circuit shown in Figure P2.69 is transformed to the
circuit shown below.

§ R3 R7 § R4

36k 36k 36k
R1 R6
60k 30k

R2 R8 R5
54k 54k 54k

Req
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The equivalent resistance of the parallel connection of R3, R7, and R4 is given by

1 1 1 36

R, = 1 1 1 1 1 1 _T_?_lzm
—t—t—
R, R, R 36 36 36 36

.
The equivalent resistance of the parallel connection of R», Rg, and Rs is given by

1 1 54
I

ort +—+
R, R, R 54 54 54 54

1
Rh:l =

Resistors Rg and Ry are connected in series. The equivalent resistance of Ry and Ry, 1s given by
Ri=Rg+Rn=12+ 18 =30kQ.

The equivalent resistance Req of the circuit shown in Figure P2.10 is given by the parallel
connection of Ry, Ri, and Rg, that is,

1 1 1 60
Resr T 17 17 17575 e
—t—t—— -
R R R, 60 30 30 60
MATLAB

clear all;
Ra=14400;Rb=21600;Rc=12960;Rd=9000;Re=16200;Rf=13500;R7=36000;R8=54000;
[R1,R2,R3]=Y2D([Ra,Rb,Rc])

[R4,R5,R6]=Y2D([Rd,Re,Rf])

Reg=P([R1,R6,P([R3,R7,R4])+P([R2,R8,R5]) 1)

Answer:
Req =
1.2000e+04
PSpice
% Ra R3 Rd
14.4k 36k 9k
Vs Rc Re
G AW M
T 12.96k 16.2k
Rb R5 Rf
21.6k 54k 13.5k
L
)
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Simulation Settings - bias1

| General | Analysiz | Configuration Files | Options | Data Callection | Probe Windaw |

Analysis ype: Output File Options

| Biaz Point W |

[ Inchude detailed bias point information for nonlinear controlled

gources and zemiconductors [OP]
Options:
[ i o et erform sensitraty analysis |.
B1G eneral Settings [ Perform Sensitvi isls [ aEN]
[ Temperature [Sweep] Chutput wariablefs] |
[ 15ave Bias Point
: : W | Lalculate zrall-zigna gain [
[ ]Load Biaz Paint [¥] Caleul I-signal DT gain [ TF]

From |nput zource name: |‘v’s |

To Output vanable: |"v"[Hf] |

[. Ok, J [ Cancel Apply

View Simulation Output File.

* Kk x Kk

SMALL-SIGNAL CHARACTERISTICS

V(R Rf)/V Vs = 6.000E-01
INPUT RESISTANCE AT V Vs = 1.200E+04
OUTPUT RESISTANCE AT V(R Rf) = 4.500E+03
The input resistance is Req = 12 kQ.
Problem 2.70
a
a
Ra
R1
R3
Rb
Rc
R2
'A%
b c b c
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The wye-connected resistors Ra, Ry, and R¢ can be transformed to delta connected resistors Ri,
Rz, and R3.

_RR,+RR +RR 3x4+4x243x2 26

R, k=—k=13kQ
R 2 2

R, :RaRb+RbRc+RaRc :3X4+4X2+3X2k=§k:8.6667k§2
R, 3 3

R, _RR,4RR+RR _3x4+4x2+43x2 26, o
R, 4 4

The circuit shown in Figure P2.70 can be redrawn as that shown below.

Rd

2k

9V <+> R1 R2 Re Vo
= 13k 26k/3 5k

L
=0

Notice that
R3 || Ra=1.5294 kQ, Rz || Re = 3.1707 kQ
Application of voltage divider rule yields

R,||R 3.1707
g 2 e :9VX
“"R,||R,+R,||R, 1.5294+3.1707

o

=6.0714V

Problem 2.71

Resistors Ri, Ry, and R3 are connected in delta. These three resistors can be transformed to wye
configuration with resistors Ra, Ry, and R¢ using
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Rl R3 R R1R2 R RZ R3

a = s By = s . =
R +R, + R, R, +R, +R, R, +R, + R,
a
a
Ra
R1
R3
Rb
Rc
R2
ANV
b c b c

Substituting the values, we obtain

= RR, 43 12 3,6 1333310
R+R,+R, 4+2+3 9 3

o RR X2 86 08889k0
R+R,+R, 4+2+3 9

.= BB 23 _S10-06667k0
R+R,+R, 4+2+3 9

The circuit shown in Figure P2.70 can be redrawn as that shown below.

Ra
(4/3)k

Rb Rc
Vs § (819)k § (619)k
V3

V1 § R4 § R5 V2
2k 6k
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Let
Rio=Rp + R4 =2.8889 kQ)
Ri1 =R¢+ Rs5=6.6667 kQ

R,=R,IIR, :%:Z.OHSI(Q

10 11
V3 = voltage across Rio and Ri;.
Application of voltage divider rule yields

vy xR _op 2.0115

= X
"R +R, 1.3333+2.0115

=7.2222V

Vo=V R _70000 1 x—2 51
R 2.8889

10

v, =V, x&:7.2222V>< 6
R 6.6667

11

=06.5V

Problem 2.72

Resistors Ri, Rz, and R3 are connected in delta. These three resistors can be transformed to wye
configuration with resistors Ra, Ry, and R¢ using

_ R1R3 R _ RIRZ R _ R2R3
“ R +R,+R,” " R +R,+R,° ° R +R,+R,

a

Ra
R1
R3
Rb
Rc
R2
AV
b c b c
Substituting the values, we obtain
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_ RR, _ 5x2
“ RA4R+R, 5+2+2

:%kﬂzl.lllle

_ RR,  5x2
R+R,+R, 5+2+2

b

:§kQ:1.1111kQ

o BB 2% 360444400
R+R,+R, 5+2+2 9

The circuit shown in Figure P2.70 can be redrawn as that shown below.

VA1
Ra
(10/9)k
V2
R4
4k Rb
Rc
(10/9)k (4/9)k
R5
W va
Vs R6 R7
10V <+> 2k 3k

This circuit can be redrawn as

Rg
ANV

5.1111k

Rd Rf

AV AV V2
3k | 1.1111k
Vs
10V <+> Re Ri
= 2k 3.4444k

=0
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Notice that

Rg=R4+Ra=5.1111 kQ

Ri=Rs5=3kQ

Re=Rs=2kQ

Rr=Rp=1.1111 kQ

Ri=R7+ Rc=3.4444 kQ

Converting the wye configuration Rq, Re, Rf to delta configuration, we obtain

_RR+RR,+R,R, 3x2+2x1.1111+3x1.1111
R, 11111

k =10.4kQ

11

RR,+RR, +R,R, 3x2+2x1.1111+3x1.1111
21 = =
R, 3

k =3.8519kQ2

_RdRe+ReRf+RdR‘,» _3x2+2x1.1111+3x1.1111
31 -
R 2

e

k=5.7T7T78k2

The circuit with Ry, R21, and R3; is shown below.

Rg

5.1111k

R31

M\
5.7778k

V2

%
10V <+> R11 R21 % Ri
= 10.4k 3.4444k

3.8519k

L
=0

Let Rs1 = Rg || R31 and Rsz = Rj || R21. Then, we have

R, xR, 51111x5.7778

R, = = k=2.712kQ
R,+R, 5.1111+5.7778
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_ R xR, 3.4444x3.8519
? R +R, 3.4444+3.8519

k=1.8184kQ

Application of voltage divider rule yields

R .
V=Vt 1oy 40137y
" R, +R,, 2.712+1.8184
Application of voltage divider rule yields
4 =V2+(VS— 2)>< R, :4.0137V+5.9863V><1'1111 =5.3151V
4+ a
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