Solution Manual for Electric Circuits 1st Edition by Kang ISBN
1305635213 9781305635210
Full link download:

Solution Manual:
https://testbankpack.com/p/solution-manual-for-electric-
circuits-1st-edition-by-kang-isbn-1305635213-

9781305635210/

Test Bank:

https://testbankpack.com/p/test-bank-for-electric-circuits-1st-edition-by-kang-isbn-1305635213-
9781305635210/

Chapter 2: Circuit Laws
PrRoBLEM 2.1

From Ohm's law, the current 11 through R1 is given by

1= -6V —_6V _-0002A=2mA
R 3kQ 30000

Notice that 1 V/1 kQ = 1 mA.
From Ohm's law, the current I2 through Rz is given by

~ &V _ BV 0.001A = 1mA

R ng 60000

PROBLEM 2.2

From Ohm's law, the current l1 through R1 is given by

:Xl =ﬂ/ = 0.003A = 3mA

R1  800Q

I1

From Ohm's law, the current I2 through Rz is given by

|2:y2_: 3'6—\/: 1.8mA

R2 2kQ

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

ProBLEM 2.3

From Ohm's law, the current 11 through R1 is given by
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L=V 2.4V
— = =0.6mA =600 oc A



R1 4kQ
From Ohm's law, the current I2 through Rz is given by

V, 24V
lp == = 0.4mA = 400 o A

R2 6kQ

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

=12V —2nA=0.6667 mA=666.5557 oc A

| =——2
s R, 18k 3

From Ohm's law, the current ls through R4 is given by

A R4 6kQ

From Ohm's law, the current Is through Rs is given by
ls=—2="""—=""mA=0.1333mA = 133.3333 A
Rs 9kQ 15

PROBLEM 2.4
From Ohm's law, the voltage across Rz is given by
Vo=Rz2l2=6 kQ x 1.2 mA =6000 x 0.0012=7.2V

Notice that 1 kQ x 1 mA=1V.
From Ohm's law, the current 11 through R1 is given by

V
| =— =28V _=oma

1
1 R 1.4kQ
From Ohm's law, the voltage across Rz is given by

Vo =Rzl2 =6 kQ x 1.2 mA = 6000 x 0.0012=7.2 V

From Ohm's law, the current Is through Rz is given by
l3=—2=""=0.8mA =800 o
A R3 9kQ

PROBLEM 2.5
From Ohm's law, the voltage across R4 is given by

Vo = Rals = 18 kQ x 0.2 mA = 18000 x 0.0002 = 3.6 V



From Ohm's law, the current Is through Rs is given by
I3=M9=M=O.6mA:6000c
A R3 6kQ
PROBLEM 2.6
From Ohm's law, the voltage across Ra4 is given by

Vo = R4l4a =8 kQ x 0.4 mA = 8000 x 0.0004 =3.2V

From Ohm's law, the current I2 through Rz is given by

_V,_32V_16

I2 =~ mA =1.06667

mA Rz 3kQ 15

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

R3 6kQ 30
PROBLEM 2.7
From Ohm's law, the voltage across Rz is given by
Vo =Rsl3 =42 kQ x (1/12) mA =42/12 V=35V

From Ohm's law, the resistance value Rz is given by

R=Yo =3.5V =30kQ

o Lma
60

1V/AmA=1kQ
ProBLEM 2.8

The power on R1 is

P=1?R=(2x107%? x2000=4x107® x2x10%=8 x 10 ~* W = 8mW (absorbed)

1

The power on Rz is

P =1%2R=(2x1073) x3000 = 4x107® x3x103=12 x 10 ~* W =12mW (absorbed)

2
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The power on Vs is

Pvs == IVs= -2 x 10 ¥ x 10 = =20 x 10 3 W = —20mW (released)
Total power absorbed = 20 mW = total power released
PrRoBLEM 2.9

The power on R1 is

V2 48 I
P= . = =2.88x107°W =2.88mW (absorbed)
) R 8000

1
The power on Rz is

Ve 4.82
P= —=

- =1.92x 1073w = 1.92mW (absorbed)
. R 12000

2
The power on Vs is

P=-1V=-1x10"%x4.8=-4.8 x103W=-4.8mW (released)

I's s o

ProBLEM 2.10

From Ohm's law, current 11 is given by

|= 20V =15V - _ 5V - 1o0mA
! R 0.5kQ

From Ohm's law, current I2 is given by

|2 = 20V -10V = 10V = 5mA
R22kQ

From Ohm's law, current I3 is given by

10V-0V 10V
| 3= = =10mA

R3 1kQ

From Ohm's law, current ls is given by
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|4 = 10V -15V = -5V = -=5mA
R41kQ

ProBLEM 2.11

From Ohm's law, current i is given by

i =10V -8V = 2V =1mA
R3 2kQ

From Ohm's law, current l1 is given by

[1 =12V -10V =2V = 2mA
R1 1kQ

From Ohm's law, current I2 is given by

_10V-5V _5V_

I2 1ImA

R2 5kQ

From Ohm's law, current I3 is given by

lv-sv_av_,

R4 2kQ

From Ohm's law, current l4 is given by

BVBV 3V

Rs 3kQ

|4

From Ohm's law, current Is is given by

8v 8V

| =Rs T2KQ

=2mA
PROBLEM 2.12
Application of Ohm's law results in

|1 =34V -24V = 10V = 5mA
R1 2kQ
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|2 =24V -10V =14V =7 mA
R22kQ

| 3 =24V - 28V =—4V = —=2mA
R32kQ

_34V-28V _ 6V

l4 =
R4 0.6kQ

=10mA

| s =28V -10V =18V = 3mA
Rs6kQ)
28V _ 28V _ 5mA

lg =

Re 5.6kQ
_1o0v _10V _

;=" =" =

10mA R7 1kQ
PrROBLEM 2.13
The total voltage from the four voltage sources is
V=Vs1+Vs2+Vs3+Vssa=9V+2V-3V+2V =10V
The total resistance from the five resistors is
R=R1+R2+R3+R4+R5=3kQ+5kQ+4kQ+2kQ +4kQ =18 kQ
The current through the mesh is

= V = 1OV = ? mA = 0.5556mA

R 18000Q 9

From Ohm's law, the voltages across the five resistors are given
respectively Vi1 = R1l =3x5/9 V =15/9 V =5/3 V =1.6667 V V2 = Rzl =
5x5/9V =25/9V =2.7778 V

V3 =R3l =4x5/9V =209V =2.2222V

Va=Ral =2x5/9V =109V =1.1111V

14



Vs =Rsl =4x5/9V =209V =2.2222 V

ProBLEM 2.14

Radius is r = d/2 = 0.2025 mm = 0.2025 x 107
m A = 7 = 1.28825x10™' m?

(@)

R=4 = 20 = 2.7285Q
oA 5.69x107 x1T x(0.2025%107%)?

(b)

R={ = 200 = 27.2846Q
OA  5.69x107 x17 %(0.2025%107%)2

(©)

R=4 = 2000 = 272.8461Q
oA 5.69x107 x77 %(0.2025%107%)?

(d)

=4 - 2000 = 2728.4613Q

TOA  5.60x107 x17 x(0.2025%1073)2
PrROBLEM 2.15
From Ohm's law, the voltage across Rz is given by
V2=1R2=3mAx2kQ=6V

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

|, =Y2 =BV - oma
¥R 3kQ

w

According to KCL, current I1 is the sum of I2 and Is. Thus, we have
li=IL+13=3mMA+2mA=5mA

The voltage across R is given by

Vi=Rili=1kQx5mA=5V

PROBLEM 2.16

From Ohm's law, the currents Iz, Is, and l4 are given respectively by

15



R2 2kQ
Vo _ 6V _
TR TR T M
Vo _6V _
TR Tokg T IMA

From KCL, current 1 is the sum of Iz, I3, and l4. Thus, we have
li=k+IB+l4=3mMA+2mMA+1mA=6mA

The voltage across Ru1 is given by
Vi=Ril1i=1kQx6mA=6V

PrRoBLEM 2.17

From Ohm's law, we have

V2=Rala=1mAX6kQ=6V

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

VAP
s R, 3kQ

From KCL, Iz is the sum of I3 and l4. Thus,
l2=13+14=3mA

From KCL, l1 is given by
l1=1Is-l2=2mA

From Ohm's law, the voltage across R1 is
Vi=Rili=45kQx2mA=9V
ProBLEM 2.18

From Ohm's law, we have

16



8

_Vo _ 8V _

I, —.—R3 =50 - 4mA
Vo _ 8V _

I, R T akQ = 2mA

~

| = -Vs_Vo :_12V -8V = 4V _ - 4mA
'R kQ 1kQ

|, =VamVo IVBY - AV - ppa
R: 2kQ  2kQ

Asacheck, l1 +l2=13+ l4 =6 mA
ProBLEM 2.19

From Ohm's law, we have

|, =¥4 =2V _ =oma
$ R, 25k

V3=R3lz3=2kQx2mA=4V

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

| =Y2 =39V —3pa
2 R ) 4kQ

From KCL, we have
l1=12+13=5mA

From Ohm's law, we get
Vi=Rili=1kQx5mA=5V
ProBLEM 2.20

Application of KCL at node a yields
ls=li+12+13

Solving for I2, we obtain

17



=Is-l1-13=10mMA-5mA-2mA=3mA
Application of KCL at node b yields
l1+12=la+l5

Solving for Is, we obtain

Is=l1+12-1a=5mA+3mA-2mA=6 mA

2k

a 12 R2
% MV
13 (10/3)k 1

I

]
i@ 5 ! % 5
' -~
o

Figure S2.20

ProBLEM 2.21

Application of KCL at node b yields
Is=1+13

Solving for I2, we obtain
2=1Is-13=15mA-10 mA =5mA
Application of KCL at node a yields
la=12-11=5mA-2mA=3mA
Application of KCL at node c yields

Ils=11+13=2mA +10 mA =12 mA

18
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14
% R4
1.5k 15mA

W4

P a—
Wy

Figure S2.21

PROBLEM 2.22

Application of KCL at node b yields
l1=1Is-14=20 mA -10 mA =10 mA
Application of KCL at node a yields
l2=11-13=10mMmA-5mA=5mA

Application of KCL at node c yields

le=13+14-15=5mA+ 10 mA -5mA =10 mA

Application of KCL at node d yields
I7=12+1s=5mA +5mA =10 mA
PrRoBLEM 2.23

Application of KCL at node d yields
[2=13-10=3A

Application of KCL at node a yields
[1=12-2=3-2=1A

Application of KCL at node b yields

I3=-11-5=-1-5=-6 A

19




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

Application of KCL at node e yields
l4=-13-13=-(-6)-13=-7TA

PrRoBLEM 2.24

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

-V1+VR1+VR3 =0

Since V1 =30V and Vr1 = 10V, this equation becomes
-30+10 +Vr3 =0

Thus,

VRr3 = 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 +VR4 = 0

Since Vr3 = 20V and Vra = 15V, this equation becomes
-20+ VrR2+15=0

Thus,

VR2 = 20-15 = 5V.

+ 10v + VR2
R1 R2
MWV MWV
10k . 15k .

30\C g R4 15V

45K

+
s

B
MWy

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

-V1+ VR +VRs =0

Since V1 =20V and Vr1 = 10V, this equation becomes
-20+ 10 +VrR5 =0

Thus,

Vrs =20 - 10 = 10V.

In the mesh consisting of R4, Rz 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 +VRr5 =0

Since Vr3 =5V and Vrs = 10V, this equation becomes
- VR4+5+10=0

Thus,

VR4 = 5+10 = 15V.

In the mesh consisting of V1, R2 and R4, shown in the circuit shown in Figure S2.25, summing
the voltage drops around this mesh in the clockwise direction, we obtain

-V1i+ VR2+VRr4=0

Since V1 =20V and Vrs = 15V, this equation becomes
- 20+ VrR2 415 =

0 Thus,

VRr2=20-15=5V.

21



+ 1ov

R1

MWV
1K
+ VR2 - + 5v -
R2 R3
MW MWV
1k 2.5k

Vv
ZOVC'D VR4 R4 § R5 VRS
- t 5k ) 5/6k

” 4

Figure S2.25

PRrROBLEM 2.26

In the mesh consisting of R1, R3 and R4, upper left in the circuit shown in Figure S2.26,
summing the voltage drops around this mesh in the clockwise direction, we obtain

VR1+VR3-VR4=0

Since Vr1 =5V and VRr3 = 5V, this equation becomes
5+5-Vra=0

Thus,

VRr4=5+5=10V.

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

-V1+ VR4 +Vre =0

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

Thus,

VRre = 20-10 = 10V.

In the mesh consisting of Rs, R2 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

22



-VRr3 + VR2 - 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 Rz, lower right in the circuit shown in Figure S2.26,
summing the voltage drops around this mesh in the clockwise direction, we obtain

-VRrR6 + VR5 + VR7 =0

Since Vre = 10V and Vrs = 5V, this equation becomes

-10+5+VRr7=0
Thus,
VRr7=10-5=5V.
+ 5V - + VR2
R1 R2
'A% A 'A%%
1k . 4
5V R3
+ VR4 § 2k
R4 R;;
AN AN
1k 5k
+ +
+ 5V
20 + . VR6 R6 R7 VR7
('D T 30/13k g 20/7k
o
=0

Figure S2.26
PrRoBLEM 2.27

From Ohm's law, the current Is is given by
1s=Ys =V _ga

Rs5 1kQ

23



From Ohm's law, the current I1 is given by
V-V _16V-6V_10V
— S 5 — —

- =2mA
R1 5k Q 5kQ

I

From KCL, we have
3=Is-l:=6MA-2mA=4mA

The voltage across Rs is
V3=R3lz3=1kQx4mA=4V

From KVL, the voltage across Ra4 is given by
V4=V3+V5=4V+6V=10V

The current through Ra is given by

From KCL, current I2 is given by
=Is+l4=4mMA+2mMA=6mA
PROBLEM 2.28

The voltage across Rs is given by
V2=R3lz3=4kQx2mA=8V

From Ohm's law, current l4 is given by

|, =¥2 =8 = 4ma
! R, 20

From KCL, the current through Rz is given by
=13+ 14=2mA +4 mA=6mA
From KCL, the current through R1 is given by

lt=1Is-12=8mA-6 A =2mA

24



The voltage across R is given by
Vi=Rili=7kQ x2mA =14V

PrROBLEM 2.29

The voltage across R1 is given by
Vi=Rili =5kQ x1mA=5V

From KCL, the current through Rz is given by
R=Is-11=5mA-1mA=4mA

From KVL, V2 is given by
V2=V1-R2l2=5V-05kQx4mA=5V-2V=3V

From Ohm's law, current I3 is given by
Y, 3V

I3= =3mA

R3 1kQ

From Ohm's law, current l4 is given by

R4 3kQ
ProBLEM 2.30
Application of KVVL around the outer loop yields
-2-V1-3=0
Solving for V1, we obtain
Vi=-5V
Application of KVL around the top mesh yields
-V1-4+V2=0
Solving for V2, we obtain

V2=V1+4=-1V

25



Application of KVVL around the center left mesh yields
-V2+5-V3=0

Solving for V3, we obtain

V3=-V2+5=6V

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

Solving for Va4, we obtain

V4=5-4=1V

Application of KVVL around the bottom left mesh yields
-2+V3-Vs=0

Solving for Vs, we obtain

V5=-2+6=4V

ProBLEM 2.31

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

Solving for V1, we obtain

V1=-3V

Application of KVL around the lower left mesh yields
-3+V2-1=0

Solving for V2, we obtain

V2=3+1=4V

Application of KVL around the lower right mesh
yields 1-Vs=0

26



Solving for Vs, we obtain

Vs5=1V

Application of KCL at node a yields
[1=2+2=4A

Application of KCL at node b yields
[4=2+3=5A

ProBLEM 2.32

Resistor R1 is in series to the parallel combination of R2 and Rs. Thus, the equivalent
resistance Req is given by

R RoR3 4000x12000
@= Rut(Re IRe) =Ry g R = 20000 0
48,000,000
=2000 + ——— = 2000 + 3000 =5000Q =5kQ
16,000

Instead of ohms (Q), we can use kilo ohms (kQ) to simplify the algebra:

4k x 12k 48Kk?

RR
R, =R1+(R2||R3) =R1 +——= = 2k + = 2k +—— = 2k + 3k = 5kQ

R+R 4k +12k 16k
2 3

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

RoRs =04 4x12 5,88 _ 5 3=5k0

R+R 4+12 16
2 3

Reg=R1+(R2||R3) =Rz +

ProBLEM 2.33

Resistors R1 and Rz are in parallel, and resistors R3 and Ra are in parallel. The
equivalent resistance is the sum of R1 || R2 and Rz || R4,

RiR2 + RsR4 _10x40 +8><56 _400 +448
Ri+R2  Rs3+Rsa  10+40 8+56 50 64

R
«a =(R1 || R2)+(R3 [|IRa)= =8+7=15kQ

27



ProBLEM 2.34

The equivalent resistance is the sum of R1 and the parallel combination of Rz, R3, and Ra.

1 1 1
R =R +(R||R||R)=R:F — — =5+1 1 1=5+2 1 12
eq 1 2 3 4 - 1+1+1 ot o

R, Rz Ry 30 60 5 60 60 60

=5+@=5+4=9k0
15

ProBLEM 2.35

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

R]0=20x0 = 0-0Q
‘ 20+0 20

The equivalent resistance is the sum of R1 and the parallel combination of R2 and Ra.

RoR3_ _1,,.99x22 _,, 2178 _

R+R. T ££=12+18=30kQ

R
ea = Ri+(R2 || R3) =R1 +5—==

PROBLEM 2.36

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

The equivalent resistance Ro of the parallel connection of Rs and Ra is

R=R|IR= RsRa_ —39x78 _—3042 = 26kQ
b 3 a R3+R 39+ 78 117

a

The equivalent resistance Req of the circuit shown in Figure P2.5 is the sum of Rz, Rb, and R2:
Reg=R1+Rb+R2=10+ 26 + 14 =50 kQ
PrRoBLEM 2.37

The resistors R1 and R2 are connected in parallel. Let Ra be Rz || R2. Then, we have

R =R||R =_R1R2_ =50x75 -50x75 50><3—10><3 30kQ
a 12 R+R ) 50+ 75 125

28



The resistors Rs and R4 are connected in parallel. Let Ro be R3 || Rs. Then, we have

R=R||R=_R3R4_ = 55x66 —5x66 5><66 =5x 6 = 30kQ
b w RAR 55+66 5+6

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

Reqg = Ra+ Rb =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:
Reg =
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 Rz, Rs, and Ro are connected in series, we have

Ra=R7+Rs+ Ro=15+19 + 20 =54 kQ
Let Ro be the equivalent resistance of the parallel connection of Re and Ra. Then we have

R=R||R= ReXRa —_27%x54 _1x54 _54 = 18kQ
b 6 a R-léR 27+54 1+2 3

Let Rc be the sum of R4, Rb, and Rs. Then, we have
Rc=R4+Rv+Rs5=6+18 + 4 =28 kQ.

Let Rd be the equivalent resistance of the parallel connection of Rz and Rc. Then, we have

R:R”R: R3 XRC e 21)(28 3X28 3)(28 — 12kQ
d 3 ¢ R+R 21+28 3+4

The equivalent resistance Req is the sum of R1, Rd, and R2. Thus, we have

Reg=R1+Rd+R2=3+12+5=20kQ

29



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

R=R|R= RsxRs  — 2020 —1x20 —-20 — 10kQ
a 56 R-ER 260+20 1+1 2

Let Ro be the equivalent resistance of the series connection of R4 and Ra. Then, we have
Rb=Ra4+ Ra=10+ 10 =20 kQ.
Let Rc be the equivalent resistance of the parallel connection of Rs and Rb. Then, we have

R=R|R= RsxRp —_20x20 -1x20 =20 = 10kQ)
c 3 b R-gR 2b0+20 1+1 2

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

The equivalent resistance Req 0f the circuit shown in Figure P3.8 is the parallel connection of R1
and Rd. Thus, we get

R=R|R= RiXRd = 20x20 -1x20 =20 = 10kQ
1

" a RHR 20420 1+1 2 o

MATLAB

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

Answer:

Req =
10000
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ProBLEM2.40
1 1 60000

1, 1,1 1 1, 1 . 1 . 1 30+12+15+20

Rz Rs Rs 2000 5000 4000 3000

60000
= =779.2208Q

77

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

7.792207792207792e+02

ProBLEM 2.41

Let R9 = R2|| R3||R4, R10 = Re||R7||Rs, and R11 = Rg + R5 + R10. Then, Req = R1||R1..

1 1
Rg = T = — =-=7  =534.6535Q
T T 1 41 4 1
R2 R R4 1000 2700 2000
R
P S L = 7500
Lo+ 1+ 1 1+ 1 +_1

R R Rs 2000 1500 6000

R11 = Reo + Rs + R10 = 3.7837 kQ

Ri Ry = 2.877215kQ

R1 + R11

Req =

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:
Reqg =
2.877214991375255e+03

PrRoOBLEM 2.42

Let Re = R1||R2, R7 = R3||R4. Then we have

R=_RiRe_ =571.4286 Q
6 R1+ R ,
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RR
R =——~—=1.66667 kQ

7 R+R
3

Reqg = Rs + R7 + Rs = 2.7381 kQ

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

R7=P ([R3,R4])

Reg=R6+R7+R5

2.738095238095238e+03

ProBLEM 2.43

Let R9 = R3||R4, R10 = R5||Rs, R11 = R7||R8, R12 = R2 + R9, R13 = R10 + Ruz1.
Then, Req = R1 + (R12||R13).

R =RsXRa -60kx20k -1200k = 15kQ

9 _R-;RA B0k + 20k 80

R =RsxRe -10kx15k —150k = kO
0 R+R 6' 10k +15k 25

R =RrxRg -20kx30k —600k = 12kQ
1 R-l-7R8 20k + 30k 50

Ri2 = R2 + Ro = 3kQ + 15kQ = 18kQ
R13 = R1o + R11 = 6kQ + 12kQ = 18kQ

Req = R + (Riz||R13) = 6kQ + (18KQ|18KQ) = 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 Re = R4||R5, R7 = R3 + Re, Re = R2||R7. Then, Req = R1 + Rs.
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R =RaxRs _ 2k x3k -6k = 1 2kQ

¢ R+R 2k+3k 5
4 5

R7 = R3 + Re = 1.8kQ + 1.2kQ = 3kQ

R =RaxR7_ = 7kx3k = 21k = 2 1kQ
s RtR ~ Tk+3k 10

Req = Rt + Rs = 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])1])

Answer:

Reqg =
3000

PROBLEM 2.45
Let Rs = Re||R7, R9 = R4 + Rs + Rs. Then, Req = R1||R2||R3||Ro.

R = RexR7 —20k x 80k —1600k = 16kQ
s R+R 20k +80k™ 100

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

R
eq = 1 = 1 = 2.4kQ

L o+l 4 14 1 1 _+ 1+ 1 + 1
Ri R2 R3 Rg 4000 10000 30000 30000

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]) 1)

Reqg =
2400

PROBLEM 2.46
Let Rs = R3||R4, R9 = Re¢||R7, R10 = Rs + Rs + Ra. Then, Req = R1||R2||R1o0.

R= RaxRa 10k x10k =100k = 5k
» R+R ~ 10k+l0k 20

R = RexRz 10k x15k —150k = gkQ
9 R‘ER , 10k +15k 25
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R10 = Rs + Rs + Rg = 5kQ) + 4kQ) + 6kQ = 15kQ

1 30000 ,.30000,30000 15

R= 1 1 _ 30000 30000

+

Rt Rz 1 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,R7]) 1)

Req =
2000

ProBLEM 2.47

The voltage from the voltage source is divided into V1 and V2 in proportion to the
resistance values. Thus, we have

v=__Ri_ _v=_25 29v= 1lo0v=5v
1 R+R s 25+75 4
1 2
v=_Re_yv=_175 »p0v= 320v=15V
) Rii-R2 s 25+75 4

Notice that V2 can also be obtained from V2=Vs—-V1=20-5=15V.
ProBLEM 2.48

The equivalent resistance of the parallel connection of R2 and Rs is given by

R=R|R=  _ReRs =38kx57k -2166k =22.8 kQ
4 2 3 R2+R §8k+57k 95

The voltage V1 across R1 is given by

R
V= _ —-v= __212 p5y=_20.205y =202y =136V
1 Fi + R4 s 27.2+22.8 50 2

The voltage V2 across Rz and Rs is given by

v= R _v= 228 75y = 22875y = 228\ =114V
2 R1+R4 s 27.2+22.8 50 2

Notice that V2 can also be obtained from V2=Vs—-V1=25-13.6=114V.

34

2kQ



ProBLEM 2.49

Let Rs be the equivalent resistance of the parallel connection of R1 and R2. Then, we have

R=_RiR2_ —30kx95k -2850 = 22.8 kQ)
s R+R  30k+095k 125

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

R= _RsR4 — 62kx93k -5766 K = 37.2 kQ
6 R3+R4 62k + 93k 155

The circuit reduces to

+ V1

R5

AN/
Vs 22.8k *
30V, v2 R6
37.2k

b
=0

The voltage V1 across Rs is given by

v= Ri_v= _228_ x30v= 228x30v= 22&fy=114vV
1 -R5+R ] s 22.8+37.2 60 2

The voltage V2 across Re is given by

v= _Re _v= 372  x30v= 3L2x30'= 3liy=186V
2 R5+Re s 22.8+37.2 60 2

Notice that V2 can also be obtained from V2 =Vs—-V1=30-11.4=18.6 V.

ProBLEM 2.50

Let Rs be the combined resistance of the series connection of Rz and Ra. Then, we have

Rs = Rs + R4 = 24 kQ + 60 kQ = 84 kQ.

Let Re be the equivalent resistance of the parallel connection of R2 and Rs. Then, Re is given by

R=R||R=—R2Rs_ =42k x84k 3528 = 28 k)
625 R2+R '5 42k + 84k 126
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The circuit reduces to

R1

WV
22k o+

20V Vil R6
28k

-0

The voltage V1 across Re is given by

v=_Re v= 28 xo0v = 28x20v= 26v=112V
1 Fi+Re S 22+28 50 5

The voltage V1 is split between Rs and R4 in proportion to the resistance values. Applying
the voltage divider rule, we have

v=_Rt v=__60 x112Vv=080x112Vv=8v
2 F§+R4 1 24+60 84

ProBLEM 2.51

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

R =_RaRs_ _22kx99k 2178 = 18 kQ
6 R4+ R ; 22k + 99k 121

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

R= _RoR7 _—33kx88k -2904 | = 24 kQ
8 R2+ R : 33k + 88k 121

The circuit reduces to

R1

NN
6k +

45V R8

vi 24k

"0
The voltage V1 across Rs is given by
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v=_Re v= 24 x45v = 24x45v = T2V =36V
1 R1+ R g S 6+24 30 2

The voltage across R1 is given by

V =—Ri_v=_6 x45v= _6x45v= 18 v =gy
R1 F\;+R8 s 6+24 30 2

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

v= _Re v= _18 x3pv= 18x36V = 81v 7.3636 V
2 R+R 1 70+18 88

The voltage across Rs is given by

v =—Rs__v= __70 _x36V= 70 x36V = 315v 28.6364 V
R3 R3+ R 6 1 70+18

PrRoOBLEM 2.52
Let Re be the equivalent resistance of the parallel connection of Re and R7. Then, we have

R= R6R7 —6X12k:Ek:4kQ
8 R+R , 6+12 18

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

R=_RaRg_ —18x9 | = 162k 6 kQ
10 R+R . 18+9

Let R11 be the equivalent resistance of the series connection of Rs and Rio0. Then, we have
R11 =Rs + R0 =4 kQ + 6 kQ = 10 kQ.
Let R12 be the equivalent resistance of the parallel connection of R2 and Ri1. Then, we have

RR
R = —-iL -40x10 k=400 k=8kO
12 —R + R 40+10 50
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The circuit reduces to

R1

The voltage V1 across Riz2 is given by

R
V=_—2—v=__8xxav= & x24Vv=16V
' 1R+R12 s 4+8 12

The voltage across Ru1 is given by

v =—Ri___v=_4x2v= 4 x24v=8v

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

R
v= —8— y=_6xipv= G x16v=_48Vv=06V
2 TRAR .46 0 °

The voltage across Rs is given by

v =—Rs__v=_4 x16V = 4Ax16V = 32V =64V

R3 R+R 1 4+6 10 5
3 10

The voltage V2 is split between Rs and Rs in proportion to the resistance values. Applying
the voltage divider rule, we obtain

s R+R 2 5+4 9
5 8

v=_Re _v=__4x96V=4x96V=128yv=42667V
3
The voltage across Rs is given by

v =—Rs_v=_5 x96V=25x96Vv=16v=53333V
R5 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

141 4 1 _1.421 41
R4 Rs Re 30 36 45

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

R= _RaRs — 80x20 | = 1600k = 16 kO

o R+R_ 80+20 100

The circuit reduces to

10v© Vi g R9
| 16k

The voltage V1 across R is given by

v=_Re v= 16 x10v= 16x10v= 32V =64V
1 F§+Rg s 9+16 25 5

The voltage across Ru1 is given by

v =R v=_9 xiov= _9x10v= 18v =36V
R1 R1+R9 s  9+16 25 5

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

v=_Ri_v=_12 xg4v=12x64Vv =96V =384V
> R+R_ 1 8+12 20 25

The voltage across Rs is given by
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v =_ R v=_8 x64v=_8x64Vv=864v=256v
R3 R3+R 1 8+12 20 25

PROBLEM 2.54
Let Ro be the equivalent resistance of the parallel connection of Re, R7 and Rs. Then, we have

_l+;+'_l 1 4+ 141
Re R7 Rsg 18 27 54

Let Rio be the equivalent resistance of the series connection of Rs and Re. Then, we have
Ri10 =Rs + Ro = 6 kQ + 9 kQ = 15 kQ.
Let R11 be the equivalent resistance of the parallel connection of R4 and Rio. Then, we have

RR
R =——=-10 —30x15 | = 450 = 10 kO
" |4Q4Rio 30+15 45

Let R12 be the equivalent resistance of the series connection of Rz and R11. Then, we have
R12 = Rs + R11 = 10 kQ + 10 kQ = 20 kQ.

Let R13 be the equivalent resistance of the parallel connection of R2 and Ri2. Then, we have

R
R= —2=-? - 30x20 | =600k =12kQ

13 R+R_ 30+20 50
2 12

The circuit reduces to

R1

AN
éw o
20V g R13
vi | 12k

|

-
~0
The voltage V1 across Ris is given by
R

v= - vy=_12 xo0v= 12x20v =12V
1 lR+I-'\’135 8+12 20

The voltage across Ru1 is given by
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v =—Ri_v=__8 x20v= _8x20v =8V
R1 F\; + F\;-3 S 8+12 20

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

R
v= —H-y=__10 x12v= 10x12v =6V
2 R+ R11 1 10+10 20

3

The voltage across Rs is given by

v =—Rs_v=_10 x12v= 10x12v =6V
R3 SR + Rll 1 10+10 20

The voltage V2 is split between Rs and Ro in proportion to the resistance values. Applying
the voltage divider rule, we obtain

R
V= _diL—V:,_—g X6V = ‘_Q X6V = 18v =3.6V
3 RE,+R9 2 6+9 15 5

The voltage across Rs is given by

v =—Rs_v=_6 xpv= _bxpev= 12 Vv =24V
R5 R5+R9 ) 6+9 15 5

PROBLEM 2.55
Let R7 be the equivalent resistance of the parallel connection of R4, Rs and Re. Then, we have

_1+L+'_l —1+1 +_ 1
Re4 Rs Rs 30 60 80

Let Rs be the equivalent resistance of the series connection of R1 and R2. Then, we have
Ro=R1+ R2=10kQ + 30 kQ =40 kQ.
Let R1o be the equivalent resistance of the parallel connection of Rz and Re. Then, we have

R =_RsRg_ -10x40 k = 400k = 8 kQ
10 R3+ R . 10+40 50

Ru1o is in series with R7. The circuit reduces to
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30V C,) § R7
= V2 16k

-
=0

The voltage V2 across Ry is given by

v= _Ri__v=__16 x30v = 16x30v =20V
2 Rlo + R7 5 8+16 24

The voltage across Ruo is given by

R

v =——y= 8 x30V = —8x30VvV=10V
R10 Rl +R7 s 8+16 24

0

The voltage Vrio is split between R1 and R2 in proportion to the resistance values. Applying the
voltage divider rule, we obtain

v=v+ Rz v =20+_—_30 x10Vv=20+30x10Vv =275V

¥ |§ +R , R0 10+30 40

ProBLEM 2.56

Let R7 be the equivalent resistance of the parallel connection of R2 + R4 and Rs + Rs. Then
we have

5k x 5k _25k2

R=(R+R)|(R+R)=5k|5k =
4 NG +5k 10k

=2.5kQ

7 2

The voltage Vs is divided across R1, R7, and Re in proportion to the resistance values.
The voltage across R7 is given by

Rz 2.5 2.5

_—

VR7= F§'+R-|7-F'Q 6‘Vs =1+ 25+1.5 x10V = 5x10V=5V

The voltage across R is given by

R1 1 1
VR1=" |3'+R-;-F\'> 6Vs =1+ 2.5+1.5 x10V = 5x10V = 2V
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The voltage across Rs is given by

Re 15 15
VRe = IiQ+R-I7-R 6Vs =1+ 25+1.5 x10V = § x10V =3V

The voltage Vr7 is divided across R2 and R4 in proportion to the resistance values. Thus, we have

v =R v =1 x5v:_51x5v:1v

R2 R+R wrr 1+4
2 4

v =—Rs v -4 x5v:$x5v:4v

re R+R g 1+4
2 4
The voltage Vr7 is divided across Rs and Rs in proportion to the resistance values. Thus, we have

/I =R v =_3 x5v=3x5vV=3V

R3 R+R rr 3+2 5
3 5
V =_Rs _v =_2x5v=2x5v=2v
R5 R;R5 R7 3+2 5

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

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

The voltage Vab is the difference of Va and Vb, that is,

Vab =Va—Vb =7V -5V =2V.

PROBLEM 2.57

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

R=R|R= R2xXRs -5kOx5kQ -25k () =2.5kQ
723 R‘ZR 53|(Q+5|(Q 10

R=R|R= -RexRe -2k Qx8KQ 16k () =1.6kQ
856 . 6R+R 2k Q +8kQ 10
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The equivalent resistance seen from the voltage source is
Reg=R1+R7+R4+Rs=05kQ +25kQ +0.4kQ + 1.6 kQ=5kQ

From Ohm’s law, the current 1 is given by
vV 10V

="s=""_"=2mA
Req 5kQ

|1

The voltage drop across R1 is 11R1 = 2mAx0.5kQ = 1V. The voltage V1 is given by
V1=Vs-11R1=10V-1V=9V.

Since R2 = Rs, I2 = I3 = 11/2 = 1mA. The voltage drop across R7 is 11xR7 = 2mAx2.5kQ =
5V. We can get the same voltage drop from I2R2 = I3R3 = 5V. The voltage V2 is given by

V2=V1-5V=9V-5V=4V.

The voltage drop across Ra is 11xR4 = 2mAx0.4kQ = 0.8V. The voltage Vs is given by
V3=V2-0.8V =4V -0.8V =3.2V.

The current through Rs is given by

la= V73=3.2_V= 1.6mA

Rs 2kQ

The current through Re is given by
V 3.2V
Is= _3=3_:0.4mA

Re 8kQ
ProBLEM 2.58

From the current divider rule, the current Ir1 is given by

R

| =—%+-] =-3_x10mA=6mA

RLOR+R S 243
1 2

Similarly, the current Irz is given by

| =—Ri_| =2 x10mA=4mA
R2 R1+R2 S 2+3
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ProBLEM 2.59

From the current divider rule, the current Ir1 is given by

L 1 1
R1 2 7
k=1 ,1, L1s=1,1 1x26mA=6 _4 3 x26mA=12mA
R1 R2 R3 23 4 12 12 12

Similarly, the currents Ir2 and Irs are given respectively by

i 1 1
R2 3 3
lR2=1 +_L_+;Is:l+;‘+l‘x26mA:__+_§_+§_><26mA:8mA
Ri Rz Rs3 234 12 12 12
1 1
R3 4 4
lR3= 1 +_L.+lls:;‘+l‘+_l><26mA: ‘+_4_ +_§‘><26mA:6mA
Ri Rz R3 23 4 12 12 12

ProBLEM 2.60

Let Re be the equivalent resistance of the parallel connection of R2 and Rs. Then, Re is given by

R =_R2R3_ —30k x60k —1800 k = 20kQ
6 R2+R . 30k + 60k 90

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

R =_R4Rs_ 90k x180k —180 k = g0KkQ
7 R4+ R ; 90k +180k 3

Let Rs be the equivalent resistance of the series connection of Re and R7. Then, Rs is given by
Rs = Re + R7 = 80 kQ

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

= R ) =80 »4gpA=384mA

m TRiR S
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20+80
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|, =— R =20 x 48mA = 9.6mA
" R+R_° 20480

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

Rs =—60 . 96mA=6.4mA

2 "R R 'rs = 30+60
2 3

_ R __30 _
lss "R+ R lag =30+60 x 9.6mA=3.2mA
2 3

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

R 180 _
., "R |y =gond=x 9.6mA = 6.4mA
| Re | __90 _, 96mA=32mA

RS :T{+ R_'* ~90+180

ProBLEM 2.61

R||IR= R3xR4 —4k Ox6kQ —24 1 O = 2.4kQ
3 4 R+3Rﬂka+6kQ 10

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

The current from the current source, Is =2 mA, is split between l1 and I2 based on the current

divider rule.
Rs 3kQ

li=Isx R + R5 =2mA x 7k Q + 3kQ = 0.6mA

_ _Ri_ _ _kQ
|2—|Sx R _1|_ RS' =2mA x 7k Q + 3kG™ 1.4mA

The currents Iz and l4 are found by applying the current divider rule on Rs and Ra.

R4 6kQ
13 =1 BT D =14mAx — =0.84mA
e R3 + R4 20 + 6kQ
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R3 4kQ

14 =1 x5 T 5 =14mAx — =0.56mA
£ Rs+ R4 2K Q +6kQ

The voltages V1 and V2 are found by applying Ohm’s law.

V1 = I1xR1 = 0.6mAXx7kQ = 4.2V

V2 = I3xR3 = 0.84mAx4kQ = 3.36V

PROBLEM 2.62

Let Ra be the equivalent resistance of the series connection of Rz and R3. Then, we have
Ra=R2+R3s=2kQ +5kQ =7kQ

Application of current divider rule yields
Ra 7

li=1sxR+R = 20mA x 3+7 = 14mA

lo=1lgx

Ri_ _ _3 _

R+ R =20mA X3+ 7 = 6mA
1 a

ProBLEM 2.63

Let Ra be the equivalent resistance of the parallel connection of R2 and R3. Then, we have

R= R2xRs — 20x20k = 10kQ
a R +2R 29+20

Application of voltage divider rule yields

R

—a 10

Vi=Vsx F\; +R =50Vx 15+10 =20V

Application of Ohm's law vyields

=Yr="Noima

R2 20kQ

vV 20V
= 1= =

R3 20kQ

1mA

I3
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From KCL, we have
li=h+Iz=1mA+1mA=2mA
PRrRoBLEM 2.64

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

R =_ReR7_ -9kx18k —18k = gkQ
8 R6+R . 9k +18k 3

Let Ro be the equivalent resistance of the series connection of Rs and Rs. Then, Rq is given by
Ro = Rs + Rs = 10 kQQ

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

R = 1 — = —1 - :uZSKQ
1,1, 1 1,1 4 1 4

Rs R4 Ro 20k 20k 10k

Let R11 be the equivalent resistance of the series connection of Rz and Rio. Then, Ri1 is given by
R11 = R2 + R10 =10 kQ

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

R

| = —4—) =—10 x50mA =20mA
R1 R + Rll S 15410

R

_ 15 _
i =T _ x 50mA = 30mA
1

1_ —
R”™ s = 15+10
1

Notice that Ir2 = Ir11 = 30 mA.

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

1 1
—R_ ] = 20__ 1
|R3=_1+1 +_1 R11 _1+_1+_1x30mA:4x30mA:7.5mA
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R3

R4

Ro

20 20 10
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1 1
| = R4 | =_ 20___ 1
Mo 1 .1 .1 R 1,1, 1x30mA=4x30mA =7.5mA
R R R
3 4 9 20 20 10
Y ik 2
lRo=1 41 41 F1 _1 . 1 ,_1 x30mA=4x30mA=15mA
R3 R4 Ro 20k 20k 10k

Notice that Irs = Irg = 15 mA.

The current Ire is split into Irs and Ir7 according to the current divider rule. Thus, we have

| =_Rr | —_18K xi15mA=2x15mA=10mA
R6 R+R RO 9k +18k 3
| =—Re | - 9% x15mA=1x15mA=5mA
RY R+R RO 9k +18k 3

ProBLEM 2.65

Let Ra be the equivalent resistance of the parallel connection of R1 and R2. Then, we have

R= RixRz -90x180 —1x180 = g0Q)

a FHIR2 90+180 1+2

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

R= RaxRs _-100x150 —2x150 = 00
> R+R _ 100+150 2+3

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

i Re 120
|3 - I S X_R+ R - 96mA X360+120 - 24mA
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From Ohm's law, the voltage across Rz is given by
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V1= Rsl3 =360 Q x 0.0024 A =0.864 V

Application of voltage divider rule yields

—_Ro 60
V2=Vix R+R =0.864Vx 60+60 =0.432V

Application of Ohm's law yields

|= Vi-Vo —0.864-0.432 _0.432_ 4 gmA
1

R1 90 90
|2_V -V 0.864-0.432 0.432
1= = =2.4mA
R2180180
|4_V_2:O.432 =4.32mA
R4 100
V _0.432
Is= —2=—=2.88mA
Rs 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 =
60
Rc =
120
I3 =
0.002400000000000
vVl =
0.864000000000000
V2 =
0.432000000000000
Il =
0.004800000000000
12 =
0.002400000000000

I4



0.004320000000000
" 3.002880000000000
PROBLEM 2.66
Let Ra be the equivalent resistance of the series connection of Rs and Re. Then, we have
Ra=Rs+Rs=10Q+5Q=15Q

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

R= Ra4xRa _10x15 _-150 = 6O
» RFR  10+15 25

Let Rc be the equivalent resistance of the series connection of R3 and Rb. Then, we have
Re=R3+Rh=10Q+6Q=16Q
Let Rd be the equivalent resistance of the parallel connection of R2 and Rc. Then, we have

R= R2xRp —20x16

¢ RFR 20416 36 9

Let Re be the equivalent resistance of the series connection of R1 and Rd. Then, we have
Re=R1+Rda=4Q +8.8889 Q =12.8889 Q

Application of Ohm's law yields

| =Vs = __100 =79786 A

V1=Ril1 =4 x7.9786 = 31.0345 V
From KVL, we have
V2 =Vs-V1=100 - 31.0345 = 68.9655 V

Application of Ohm's law yields

| =Y2 -68.9695V = 34483 A

2 R 20Q
2

From KCL, we have
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I3=11-12=7.9786 - 3.4483 = 4.3103 A

From Ohm's law, we have

V3 =Rsl3 =10 x 4.3103 = 43.1034 V

From KVL, we have

V4 =V2-V3=068.9655 - 43.1034 = 25.8621 V

Application of Ohm's law yields

| =V4 -25.8621V - 5 5850
YR 10Q

| =Y4 =25.8621V oy 75417
° R 150

a

Vs =Rsls =10 x 1.7241 = 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,Ral])
Rc=R3+Rb

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

I1=Vs/Re

V1=R1*I1

V2=Vs-V1

I2=V2/R2

I3=11-1I2

V3=R3*I3

V4=V2-V3

I4=V4 /R4

I5=V4/Ra

V5=R5*I5

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

Answers:
Ra =

15
Rb =

5.999999999999999

Rc =

16
Rd
.888888888888889

I oo |

Re
12.888888888888889



7.758620689655173
V1l =
31.034482758620690
V2 =
68.965517241379303
I2 =
3.448275862068965
I3 =
4.310344827586207
V3 =
43.103448275862071
V4 =
25.862068965517231
I4 =
2.586206896551723
I5 =
1.724137931034482
V5 =
17.241379310344819
Ve =
8.620689655172409
SV =
-3.552713678800501e-15
SI =

-1.998401444325282e-15

ProBLEM 2.67

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

R_4><12 _48 ~30
. 4+12° 16

Let Ro be the equivalent resistance of the parallel connection of R2=4 Q and R3 + R4 + Rs = 12
Q. Then, we have

4x12 48

b 4+12'16‘3Q

Let Rc be the equivalent resistance of the series connection of R1, Ra, and Ro. Then, we have
Re=R1+Ra+Rb=4Q+3Q+3Q=10Q

The current through R1 is

V 40V
lhi=" .= =4A
Rc 10Q
Application of current divider rule yields
4 16
| =4Ax =—A=1A
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ProBLEM 2.68

Resistors R1, R2, and R3 are connected in delta. These three resistors can be transformed to
wye configuration with resistors Ra, Rb, and Rc using

R1R3 R1R2 R2 R3
Ra= R1+R 2+R3 ,Rb=R+R +R3,Rc =R1+R2+F€
1 2

3

: |
oA

N

R1 |
Nis ‘ d, °
R2 { \
ANV
b c /

Substituting the values, we obtain
RiR3 3x5 15

Ra= R+R+R = 3+2+5 =17 = 1.5kQ
1 2 3

RiR2 3x2 6

Ro = R+R+R
1 2 3

3+2+5 =10 = 0.6kQ

R2R3 2x5 10

Rc = 1R+I§+R3 3+2+45 =10 = 1kQ

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

(R +R)I|(R +R )=1]}4= x4 -4 -08kQ
b c 1+4 5

The equivalent resistance Req is the sum of Raand (Rb + R4) || (Re + Rs):

Reg=Ra+0.8=15+0.8=23KkQ.

MATLAB
>> [Ra,Rb,Rc]=D2Y ([3000,2000,5000]
) Ra =
1500
Rb =
600
Rc =
1000
>> Reg=Ra+P ([Rb+400,Rc+3000])
Reg =
2300
PSpice
% R1 R3
3k 5k
v Vs J R2 J
+
i AV
& N
R4 R5
0.4k 3k
-
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Simulation Settings - bias1

| General | Analysiz | Configuration Files | Options | Data Callection |I Frabe Windaw |

Analysis ype: Cutput File Options

|EEEPmM v|

[]Include detailed bias paint information for nonlinear controlled
gources and zemiconductors [[OF]

Options:

B anetal Setiraes [ ] Perform Senzitivity analysis [.SEMS)
[ 1T emperature [Sweep] Clatput wariablefs] |

[ ]5ave Bias Point

[ ] Laad Bias Paint Calculate gmall-zignal DC gain [ TF]

From lnput zource nanme: |‘v"s |

To Qutput variable: |\:"[H ]| |

Co Il e )l o

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

KEREX 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.

' 147 BuA
"""""" 287 .0uA =
R1 R3
3k 5k
Vs R2 T
W D ANA—
s " W 86.96uA
_____ 86.96u2
347 SuA R5
0.4k 3k
_L_
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The current through the voltage source is 434.8A. The input resistance is given by the ratio of
the test voltage 1V to the current. Thus, we have

v

. :—434,8x10-e:2'2999k0

ProBLEM 2.69

The wye-connected resistors Ra, Rb, and Rc can be transformed to delta connected resistors R1,
R2, and Ras.

R=RaRo+RoRe+RaRe — 14.4x21.6+ 21.6x12.96+14.4x12.96 = gokQ)
' R

c 12.96
R= RaRo+RoRc+RaRe = 14.4x21.6+ 21.6x12.96+14.4x12.96 = 54kQ)
2
Ra 14.4

R=RaRb+RhRe+RaRe — 14.4%21.6+ 21.6x12.96+14.4x12.96 - 36kQ
3
Rb 21.6

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

R =RdRetReRi+RyRt _ 9x16.2+16.2x13.5+ 9x13.5 _ 3610
4
Rf 135

R 5: Rd Re ‘+ Re R f‘+ RdR_f = 0%x16.2+16.2x13.5+ 9x13.5 = 54kQ
Rd 9

R :Bd Re‘+ Re R f‘+ Rd.Rf :-9x16.2+16.2>(13.5+ 9x13.5 = 30kQ
6
Re 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 Rs, R7, and Ra is given by

R= _ 1 =
¢ 1

1 =1 -36-12Q
1,1 3 3

+

Rs R7 R7 36 36 36 36

The equivalent resistance of the parallel connection of Rz, Rs, and Rs is given by

R2 Rs Rs 54 54 54 54
Resistors Rg and Rn are connected in series. The equivalent resistance of Rg and Rn is given by
Ri=Rg+ Rh=12 + 18 = 30 kQ.

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

R = Tlr—f—- = 1‘ :_l._:§X22:12k()
S

] 5

1 1,1 T.1.1
Rt Ri Rse 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])

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

Answer:

Reqg =
1.2000e+04

é Ra
14.4k

~ e Wy

PSpice

R3
36k

Rd
9k

n_/VV\,_

16.2k

R5 Rf
54k 13.5k

2
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Simulation Settings - bias1

| General | Analysiz | Configuration Files | Options | Data Callection H Frabe Windaw |

Analysis ype: Cutput File Options

|EEEPmHt v|

gources and zemiconductors [[OF]

[]Include detailed bias paint information for nonlinear controlled

Options:

FEE [ ] Perform Senzitivity analysis [.SEMS)
[ 1T emperature [Sweep] Cuatput wariablefz) |

[ ]5ave Bias Point

[[]Load Bias Paint Calculate emall-zignal OC gain [ TF]

From lnput zource nanme: |‘v"s

To Qutput variable: |\:"[Hf]
T
View Simulation Output File.
el 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
y |
% R
R1
R3
Rb
Rc
R2
AN
b c b
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The wye-connected resistors Ra, Rb, and Rc can be transformed to delta connected resistors R1,
R2, and Rs.

R :B@Bb-l-_Rb,Bgﬂa,Bgz 3X4+4X2+3X2k:&k: 13kQ

! Re 2 2

R=RaRo+RyRe+RaRe = 3x4+4x2+3x2 | = 26k = §.6667 kQ
2
Ra 3 3

R=RaRotRoRe+RaRe —_3x4+4x2+3x2 | = 26 = 6 5kQ)
3
R 4 4

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

Rd

2k

v C4> § R1 § R2 § Re Vo
= 13k 26k/3 5k

= =
~o

Notice that
R3 || Rd = 1.5294 kQ, Rz || Re = 3.1707 kQ

Application of voltage divider rule yields

R2||Re 3.1707
Vo= Vs X% 3|d?2e||R +R R =9Vx 15294+ 3.1707 = 6.0714V

ProBLEM 2.71

Resistors R1, Rz, and Rz are connected in delta. These three resistors can be transformed to
wye configuration with resistors Ra, Rb, and Rc using
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RiRs —BiR2__ Ry

—— e F—,

Ra= R+R +R ,Rb= R+R +R ,Rc= R+R +R
1 2 3 1 2 3 1 2 3

’ |
/\ Ra

N

R1 \I
/ R3
X “n
Rb
N L, Re
R2
AN\
b c

b c

Substituting the values, we obtain

R1R3 4x3 12 4
Ra = lR+R2+R . =4+243 =9 =3 kQ=1.3333kQ

_RRy__4x2 8
Rp = lR+R+R , = 4+2+3 =9k Q =0.8889kQ

(o]

__R2R3._. - ZX3.
Re = 1R+R2+R \ = 4+42+3

1o

9kQ=0.6667 kQ

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

Ra
(413)k

Rb Rc
Vs 8/9)k 6/9)k
1oV (8/9) (6/9)
+ +
V3
V1 R4 R5 V2
2k 6k
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Let
R10 = Rb + Rsa = 2.8889 kQ
R11 = Rc + Rs = 6.6667 kQ

xR

R
Riz=Riwo||Ri1 = ""1=20115kQ

RlO + Rll

V3 = voltage across Rio and Ru1.

Application of voltage divider rule yields
R
12 2.0115
V3=Vsx Ra+ R , ~9Vx 1.3333+2.0115 = 7.2222V

v=Vx Ra =72000yx_2  =pv

1 3 R 2.8889
10

V=yx XR8=7202vx_6  —g5y
, 3R 6.6667

11

PRrROBLEM 2.72

Resistors R1, R2, and Rs are connected in delta. These three resistors can be transformed to
wye configuration with resistors Ra, Rb, and Rc using

— RiRs __RiRo __RoRs
Rai=R+R +R,Rv=R+R +R,Rc= R+R +R
1 2 3 1 2 3 1 ‘2 3
Ra
R1
R3
Rb
Rc
R2
AN
b c b c

Substituting the values, we obtain
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—_ 5x2 1

Ra = R*R¥R ="54242 = 9k Q=1.1111kQ
__RiRy 5x 2 10
Ro =" RHR#R =5+7+2= 9kQ=11111kQ

_RoRs 2x2 14

Rc = R+R+R  =5+2+2 =9k Q = 0.4444kQ
1 2 3

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

Vi

Ra
(10/9)k

R4
g K Rb
Rc

(10/9)k

ANV v3

(419)k

Vs § R6 § R7
10V C*«) 2k 3k

0

This circuit can be redrawn as

Rg

$'A%%
5.1111k

Rf
A v2

g

1.1111k
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Notice that
Rg = R4+ Ra=5.1111 kQ
Rd = Rs =3 kQ

e=Rs =2 kQ
Rf=Rb=1.1111 kQ
Ri = R7 + Rc = 3.4444 kQ

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

R =RdRe #ReRf +RqRr _3x2+2x1.1101+ 3x1.1111 | — 10 4kQ
H Rt 1.1111

_Rd Re+ReRt + RdRf . 3x2+2x1.1111+ 3x1.1111
Rd 3

R k = 3.8519kQ

21

RiRe+ReRf+RdRf  3x2+2x1.1111+ 3x1.1111
31 B Re - 2

R k =5.7778kQ

The circuit with R11, Re1, and Ras1 is shown below.

Rg

WV

5.1111k

R31

V2
5.7778k

lOVC § R11 R21 % § Ri
g 10.4k 3.4444k

3.8519k

-
=0

Let Rs1 = Rg || R31 and Rs2 = Ri || R21. Then, we have

R =& XR31 :51111X57778 k = 2.712kQ
51 R+R , 51111+57778
g
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R =RixR21 -3.4444x3.8519 i = 1.8184kQ
52 R+ R21 3.4444+ 3.8519

Application of voltage divider rule yields

R
2 1.8184

Vo = Vs x F§l'+ R;Sz =10V x 2.712+1.8184 = 4.0137V

Application of voltage divider rule yields

Ra 1.1111
V1=V + (Vs =V2 )X=—— = 4.0137V + 5.9863V x =5.3151V
R4a+ R 51111
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