Fundamentals of Electric Circuits 6th edition
Alexander Solutions Manual

SKU: 9780078028229-SOLUTIONS

Fundamentals of Electric Circuits 6th edition Alexander Solutions Manual


https://ravanbooks.com/books/9780078028229-solutions

Solution 2.1
Design a problem, complete with a solution, to help students to better understand Ohm’s
Law. Use at least two resistors and one voltage source. Hint, you could use both

resistors at once or one at a time, it is up to you. Be creative.

Although there is no correct way to work this problem, this is an example based on the
same kind of problem asked in the third edition.

Problem
The voltage across a 5-kQ resistor is 16 V. Find the current through the resistor.

Solution

iR i=v/R = (16/5) mA = 3.2mA

<
1l
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Solution 2.2

p= vR - R =v¥p = 14400/60 = 240 ohms
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Solution 2.3

For silicon, p=6.4x10>Q-m. A=zr>. Hence,
R _pL_ pL 2 _pL_ 6.4x10° x4x10~°

. = =0.033953
A zr TR x240

r=184.3 mm
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Solution 2.4

(a) i = 40/100
(b) 1 = 40/250

400 mA
160 mA
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Solution 2.5

n=9%l=7b=n+l-1=15
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Solution 2.6

n=38 [=8 b=n+l-1-=

|>—i
)]
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Solution 2.7

6 branches and 4 nodes

Copyright © 2017 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the
prior written consent of McGraw-Hill Education.

Fundamentals of Electric Circuits 6th edition Alexander Solutions Manual


https://ravanbooks.com/books/9780078028229-solutions

Solution 2.8

Design a problem, complete with a solution, to help other students to better understand
Kirchhoff’s Current Law. Design the problem by specifying values of ia, ip, and ic, shown in
Fig. 2.72, and asking them to solve for values of i1, 12, and i3. Be careful specify realistic

currents.

Although there is no correct way to work this problem, this is one of the many possible solutions.
Note that the solution process must follow the same basic steps.

Problem
Use KCL to obtain currents i1, i2, and i3 in the circuit shown in Fig. 2.72 given that i, = 2 amps,

ip =3 amps, and ic =4 amps.

Solution

a ib b
LA A
la iz iny
c
i3
4
ic
d Nl
At node a, —la—i2—ip=0o0ri =—2 -3 =-5 amps
At node b, ib+1i1+ic=0o0ri; =-3—4=-7 amps
At node c, i2+1i3—11=0o0riz=-7+5=-2 amps

We can use node d as a check, ia —i3 —ic =2 + 2 —4 = 0 which is as expected.

Copyright © 2017 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior
written consent of McGraw-Hill Education.

Fundamentals of Electric Circuits 6th edition Alexander Solutions Manual


https://ravanbooks.com/books/9780078028229-solutions

Solution 2.9

Find i, 1,, and i, inFig. 2.73.

-2 A

Figure 2.73
For Prob. 2.9.

Solution
Step 1. We can apply Kirchhoff’s current law to solve for the unknown currents.
Summing all of the currents flowing out of nodes A, B, and C we get,

atA, 1+(-6)+1;=0;

atB, —(-6)+i2+2=0;and

atC, (-2)+i3-2=0.

Step 2. We now can solve for the unknown currents, i1 = —1 + 6 = 5 amps;
12 =—6-2=-8 amps; and i3 =2 + 2 =4 amps.
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Solution 2.10

At node 1, —8-11-6=0o0ri; =-8-6=-14 A

At node 2, —(-8)+i1+i2—4=0o0riz =-8-1+4 =-8+14+4 =10 A
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Solution 2.11

-V, +1+45=0 — V, =6
-54+24+V,=0 — V,=3V
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Solution 2.12

+ 30v -

- S0v + + 20v - + w2 -

V' ¢

B —
I Y S

+ + +
40v |::| loop 1 Vi |::| loop 3 |::| V3

Ve V¢

Forloop 1, —40-50+20+v; = Qorv; =40+50-20=70V
Forloop2, -20+430-v2 =0 orv2=30-20=10V

Forloop3, —vi+v2+v3 = 0orv3=70-10=60V
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Solution 2.13

2A

I TA L4
4A
I T l

l3A 113

At node 2,

3+7+1,=0 —— I,=-10A
At node 1,

I, +1,=2 —— I,=2-1,=12A
At node 4,

2=1,44 ——> I,=2-4=-2A
At node 3,

7+l,=1; —— I1;=7-2=5A
Hence,

I,=12A, 1,=-10A, I;=5A, I,=-2A
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Solution 2.14

+ + -
3V \ Vi I V2
- I3 - + 2V - +
- + V3 - + +
4V
I Nz R SV
ST -
For mesh 1,
V,+2+5=0 —— V,=7V
For mesh 2,
+H4+V;+V, =0 —— V;=-4-7=-1IV
For mesh 3,
-3+V,-V;=0 — V,=V;+3=-8V
For mesh 4,
V,-V,-2=0 —— V,=-V,-2=6V
Thus,
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Solution 2.15

Calculate v and ix in the circuit of Fig. 2.79.

120 + 16V -
N\
+ v -
b
+
3 ix
10V 4V
Figure 2.79

For Prob. 2.15.

Solution
Forloop 1, -10+v+4=0, v=6V

Forloop 2, -4 + 16 + 3ix =0, ix= -4 A
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Solution 2.16

Determine V, in the circuit in Fig. 2.80.

16 Q 14 Q
AA . MA____
+
10V v, 25V
.
Figure 2.80

For Prob. 2.16.

Solution

Apply KVL,

10+ (16+14)I+25=00r 30 = 10-25 =—or I=-15/30 =-500 mA
Also,

-10+16I1+V,=00rV,=10-16(-0.5)=10+8 =18 V
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Problem 2.17

Obtain v through v3 in the circuit in Fig. 2.81.

Copyright® The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Yo _

VWWA

+

- +
v3 C_r 10V

U

24V<t> .

MW

S
12V
Figure 2.81
For Prob. 2.17.

Copyright © 2017 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the
prior written consent of McGraw-Hill Education.

Fundamentals of Electric Circuits 6th edition Alexander Solutions Manual


https://ravanbooks.com/books/9780078028229-solutions

Solution 2.18

Find 7 and V in the circuit of Fig. 2.82.

Figure 2.82
For Prob. 2.18.

Solution.

Step 1. We can make use of both Kirchhoff’s KVL and KCL. KVL tells us that the
voltage across all the elements of this circuit is the same in every case. Ohm’s
Law tells us that the current in each resistor is equal to V/R. Finally we can use

KCL to find 1.

Applying KCL and summing all the current flowing out of the top node and
setting it to zero we get, =3 + [V/20] + [V/10] + 4 + [V/20] — [-2] = 0.

Finally at the node to the left of I we can write the following node equation which
will give us I, =3 + [V/20] + [V/10] + I = 0.

Step 2. [0.05+0.1+0.05]V =0.2V =3-4-2 =-3 or V=-15 volts.

I=3-V[0.05+0.1] = 3-[-15]0.15 = 5.25 amps.
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Solution 2.19
Applying KVL around the loop, we obtain
—(-8)-12+10+3i=0 — i=-2A
Power dissipated by the resistor:
Py = i’R =4(3) = 12W
Power supplied by the sources:
pizv = 12 ((-2)) = -24W
piov = 10 (—(-2)) = 20W

psv = (-8)(-2) = 16W
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Solution 2.20

Determine i, in the circuit of Fig. 2.84.

i 220
—>
M

54V Sio

Figure 2.84
For Prob. 2.20

Solution
Applying KVL around the loop,

=54 +22i, +5i, =0 —> i, =4A
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Solution 2.21

Applying KVL,
15+ (145+2)I +2Vx =0
But Vs =5I,
-15 +8I + 101 =0, 1=5/6
Vx =51=25/6 =4.167 V
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Solution 2.22

Find V, in the circuit in Fig. 2.86 and the power absorbed by the dependent source.

10Q
AN

+ Vo _

§ 10Q 25A T 2V,

Vi

1

Figure 2.86
For Prob. 2.22

Solution

At the node, KCL requires that [-V,/10]+[-25]+[-2V,] =0 or 2.1V, =-25

or V, =-11.905 V

The current through the controlled source isi =2V =-23.81 A

and the voltage across itis Vi = (10+10) ip (where 10 =—V/10) = 20(11.905/10) = 23.81
V.

Hence,
Pdependent source = Vl(—l) = 2381X(—(—2381)) =566.9 W

Checking, (25-23.81)*(10+10) + (23.81)(=25) + 566.9 = 28.322 — 595.2 + 566.9 = 0.022
which is equal zero since we are using four places of accuracy!
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Solution 2.23

In the circuit shown in Fig. 2.87, determine vx and the power absorbed by the 60-C2
resistor.

60 amp § 100 é«m §609

Figure 2.87
For Prob. 2.23.

Step 1. Although we could directly use Kirchhoff’s current law to solve this, it will be
easier if we reduce the circuit first.

The reduced circuit looks like this,

60 amp (D 100 S ®

R1 =40x60/(40+60)

R,=6+R;
R3 = 15x30/(15+30)
R4 =20+R3

Rs = R2R4/(R2+R4)
Letting V1o = vx + Vrs and using Kirchhoff’s current law, we get
60 + V10/10 + V10/(5+R5) =0

60 + V10/10 + V10/20=0
V1o =-60x20/3 =400 volts
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We could have also used current division to find the current through the 5 Q resistor,
however, i5 = V1o /(5+R5s) and vx = 5i5

Calculating the power delivered to the 60-ohm resistor requires that we find the voltage
across the resistor. Vgrs = V1o — vx; using voltage division we get Vgo = [VRs
/(6+R1)]R1. Finally Pso = (V60)*/60.

Step 2.
R1 =40x60/(40+60) = 2400/100 = 24;
R2 =6 + R =6+24 = 30;
R3 = 15x30/(15430) 450/45 = 10;
R4 =20+R3 =20+10 =30;
Rs5 = R2R4/(R2+R4) = 30x30/(30+30) = 15.

Now, we have 60 + (V10/10) + (V10/(20)) = 0 or V19 = —-60x20/3 = —-400 and

i10 =—400/20 = -20 and
vx = 515 = 5(-20) = -100 volts.

VRrs = Vi — vx =—400 — (-100) = -300; using voltage division we get
Voo = [Vrs /(6+R1)]R1. = [-300/30]24 = —240. Finally,

Poo = (V60)*/60 = (-240)%/60 = 960 watts.
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Solution 2.24

V
(a) lo= ———
R +R,

_ O(.VS R3R4
Rl +R2 R3 +R4

Vo =-alo (R3||R4) =

v, — oR,R,
Vs (R, +R,)R,+R,)

(b) If Ri =R2 =R3=R4 =R,
Vo|_ @ R_a 10 4 o-40
V¢l 2R 2 4
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Solution 2.25
Vo=5x102%x10x 10° =50V

Using current division,
5
Ioo =———(0.01x50) = 0.1 A
5+20

V20 =20x0.1kV=2KkV

p20 =120 V20 = 0.2 kW
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Solution 2.26

For the circuit in Fig. 2.90, i, =5 A. Calculate ix and the total power absorbed by the
entire circuit.

Figure 2.90
For Prob. 2.26.

Solution

Step 1. V4o = 40i, and we can combine the four resistors in parallel to find the equivalent
resistance and we get (1/Req) = (1/20) + (1/10) + (1/5) + (1/40).

This leads to ix = V4o/Req and P = (ix)*(25+Req).

Step 2. Vao = 40x5 =200 volts and (1/Req) = (1/20) + (1/10) + (1/5) + (1/40) =0.05 +
0.1 +0.2+0.025 =0.375 or Req =2.667 Q and ix = 200/Req = 75 amps.

P = (75)*(25+2.667) = 155.62 kW.
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Solution 2.27

Calculate I, in the circuit of Fig. 2.91.

8Q

10V Lo §3§2 §6Q

Figure 2.91
For Prob. 2.27.

Solution

The 3-ohm resistor is in parallel with the c-ohm resistor and can be replaced by a
[(3x6)/(3+6)] = 2-ohm resistor. Therefore,

I, = 10/(8+2) = 1 A.
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Solution 2.28

Design a problem, using Fig. 2.92, to help other students better understand series and parallel
circuits.

Although there is no correct way to work this problem, this is an example based on the same
kind of problem asked in the third edition.

Problem

Find v1, v2, and v3 in the circuit in Fig. 2.92.
R,
AWV

+ oy -

+ +

v, @ vy % R, vy % R,

Solution

We first combine the two resistors in parallel
15[10= 6 Q

We now apply voltage division,

vie % 40)= 28V
14+6

V2 =V3 = L(40)= 12V
14+6

Hence, vi=28V,va=12V,v; =12V
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Solution 2.29

All resistors (R) in Fig. 2.93 are 10 Q each. Find Req.

R
W\
R
Rq —* W\
R
W\
Figure 2.93

For Prob. 2.29.
Solution
Step 1. All we need to do is to combine all the resistors in series and in parallel.

R+R/\R+R R+R+R

Re =
! R(R) N R(R) N R(R +R)
R+R R+R R+R+R
will look at a simpler approach after we get the answer.

(R(R) j( R(R) . R(R +R))

which can be derived by inspection. We

5[(5+6.667)] 58.335 _350

Step 2. Req = =
5+5+6.667 16.667
10 Q
MN
10 Q
Reg — M
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Checking we get,
R1 =10(20)/(10+20) = 6.667 Q.

R2

Req ’

= o e = 66670

We get Ry = 10(10)/(10+10) = 5 Q.

Req .

Finally we get (noting that 10 in parallel with 10 gives us 5 Q,

Req =5(11.667)/(5+11.667) = 3.5 Q.
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Solution 2.30

Find R4 for the circuit in Fig. 2.94.

250 180 Q
MN AN § 00
Reyy — § 60 Q
Figure 2.94

For Prob. 2.30.
Solution

We start by combining the 180-ohm resistor with the 60-ohm resistor which in turn is in
parallel with the 60-ohm resistor or = [60(180+60)/(60+180+60)] = 48.

Thus,
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Solution 2.31

R, :3+2//4//1:3+;:3.5714

1/2+1/4+1
i1 =200/3.5714 =56 A
vi=0.5714xi; =32 Vand i, =32/4=8 A

i4=32/1=32A;i5=32/2=16 A;and i3 =32+16 =48 A
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Solution 2.32

Find i1 through i4 in the circuit in Fig. 2.96.

60 Q is i 2000

MW— =AW\

40Q 50 Q
17

20

Figure 2.96
For Prob. 2.32.

Solution

We first combine resistors in parallel.

40x60 50x200 _ 400

=24 Qand 50[200=

40[60 =

Using current division principle,

i, +i, = 242:‘40 (-16) = —6A.i, +i, :%(—16) —-10A

i =296 48Aand i, = (<6)= -1.2 A
250 250

0

40
~10)= -6Aand i, =——(-10)= -4 A
100( ) ! 100( )

13:

Copyright © 2017 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the
prior written consent of McGraw-Hill Education.

Fundamentals of Electric Circuits 6th edition Alexander Solutions Manual


https://ravanbooks.com/books/9780078028229-solutions

Solution 2.33

Combining the conductance leads to the equivalent circuit below

i 48 i
+ # +
%A V218 4s 9A v 18 28
6x3

65|38 = 5 =25 and25+28 =4S
Using current division,

i:%(9): 6A,v=3(1)=3V
I+
2
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Solution 2.34

Using series/parallel resistance combination, find the equivalent resistance seen by the
source in the circuit of Fig. 2.98. Find the overall absorbed power by the resistor
network.

50 0 70 Q 150 Q
Wy Wy W
600 V C) % 4000 < ana =m0
130 Q 500
Wy W
Figure 2.98

For Prob. 2.34.
Step 1. Let R1 =400(150+200+50)/(400+150+200+50) and R> =
400(70+R 1+130)/(400+70+R 1+130). Thus, the resistance seen by the source is
equal to Req = 50+R> and total power delivered to the circuit = (600)*/Req.

Step 2. R =400x400/800 =200 and R> = 400x400/800 = 200 and
Req = 504200 =250 Q.

P =360,000/250 = 1.44 kW.
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Solution 2.35

200V G

Combining the resistors that are in parallel,

70p0= %0 010 20fs= 22240
25

200 _

S 21+4

vi=21i=168V,vo=4i=32V
= Lo 24A = "=16A
70 20

At node a, KCL must be satisfied
=iz +Ie—>24=16+1,— [,=08 A

Hence,
Vo =32 Vand I, = 800 mA
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Solution 2.36
20//(30+50) = 16, 24 + 16 =40, 60//20 = 15
Req = 80+(15+25)40 = 80+20 = 100 Q
1i=20/100=0.2 A

If 11 is the current through the 24-Q2 resistor and 1, is the current through the 50-Q
resistor, using current division gives

11 = [40/(40+40)]0.2 = 0.1 and 1, = [20/(20+80)]0.1 = 0.02 A or

Vo = 3010 = 30x0.02 = 600 mV.

Copyright © 2017 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the
prior written consent of McGraw-Hill Education.

Fundamentals of Electric Circuits 6th edition Alexander Solutions Manual


https://ravanbooks.com/books/9780078028229-solutions

Solution 2.37

Given the circuit in Fig. 2.101 and that the resistance, Req, looking into the circuit from
the left is equal to 100 Q, determine the value of R;.

R; R:
Wg
=S w
Figure 2.101
For Prob. 2.37.

Step 1. First we calculate Req in terms of Ri. Then we set Req to 100 ohms and solve for
Ri.

Req =Ri1 + Ri(R1+R1)/(R1+R1+R1) = Ri[1+1(2)/3]

Step 2. 100 =R1(3+2)/3 or R1 =60 Q.
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Solution 2.38

20//80 = 80x20/100 =16, 6//12=6x12/18 =4
The circuit is reduced to that shown below.

§ 15Q §16Q

Req

(4 + 16)//60 = 20x60/80 = 15
Req = 2.5+15||15 = 2.5+7.5 = 10 Q and

1o =35/10=3.5A.
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Solution 2.39

Evaluate Req looking into each set of terminals for each of the circuits shown in
Fig. 2.103. 3KO

-
?69 2kQ 6 kQQ
o M\ M
3Q
MA §
6 kQ
§6Q §3Q
- —
(a) (b)

Figure 2.103
For Prob. 2.39.

Step 1. We need to remember that two resistors are in parallel if they are connected
together at both the top and bottom and two resistors are connected in series if
they are connected only at one end with nothing else connected at that point.
With that in mind we can calculate each of the equivalent resistances.

3(6+[ 336 D 2k[3k+[6kX6k j]
(3+6) (6k + 6k)
(a) Reqa = and (b) Reqb =

3464 X6 2k 43k 4| OKXOK
(3+6)

(6k +6k)
Step 2. (2) Rega =3x8/11=2.182 Q and (b) Reg = 1.5 kQ.
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Solution 2.40

Req = 8+4|(2+6[3)=8+2=10Q

=2 D54
R 10

€q
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Solution 2.41
Let Ro = combination of three 12€2 resistors in parallel

L=i+i+i —» R,=4
R, 12 12 12

0

R, =30+60[(10+R, +R)=30+60[(14+R)

60(14+R)
74+ R

50=30+ — > 74+R=42+3R

orR=16 Q
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Solution 2.42

4Q

(@) Rap= SH(S +20[30) = 5”(8 +12)=2 220 =

(b) Rap=2+ 4”(5 + 3)”8 +5)10f4 =2+ 44 +5]2.857 =242+ 18181 = 5.818Q
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Solution 2.43

@ Ru=35P20+1040=220,40 4. s_ 120
25 50

-1
(b) 60|20[30 = (i Ly ij -9 100
60 20 30 6

80+ 20

Rap = 80(10+10) = =16 Q
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Solution 2.44

For the circuits in Fig. 2.108, obtain the equivalent resistance at terminals a-b.

200

< 300 Zs0

Figure 2.108
For Prob. 2.44

Solution

Step 1. First we note that the 20 Q and 30 Q resistors are in parallel and can be replaced
by a [(20x30)/(20+30)] resistor which in now in series with the 8 Q resistor which
gives R1. Now we R in parallel with the 30 Q which gives us Rap =
[(R1x30)/(R1+30)].

Step 2. R = (600/50) + 8 =12 + 8 =20 Q and

Rab =20x30/(20+30) = 12 Q.
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Solution 2.45

(a) 10//40 =8, 20//30 =12, 8//12=4.8

R, =5+50+48=59.80

a

(b) 12 and 60 ohm resistors are in parallel. Hence, 12//60 = 10 ohm. This 10 ohm
and 20 ohm are in series to give 30 ohm. This is in parallel with 30 ohm to give
30//30 = 15 ohm. And 25//(15+10) = 12.5. Thus,

R, =5+128+15=32.50Q
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Solution 2.46

Find I in the circuit of Fig. 2.110.

72 Q 80 Q
Ay W
I
24 Q 36 Q 200
140V M\ W\ M\ 10Q
14 Q 36 Q
M\ WA
36 Q
M\
Figure 2.110
For Prob. 2.46.
Solution
Step 1. First we need to determine the total resistance that the source sees.
Req = poree + 200+ 10 + =i + 14 and I = 140/Rey.
Step 2. Req = 18+16+10+12+14 =70 Q and [ = 140/70 = 2 amps.

Req = 12 + 5[[20 + [1/((1/15)+(1/15)+(1/15))] + 5 + 24|8
—12+4+5+5+6=32Q

I =80/32 =25 A
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Solution 2.47

slo= 22 _ 40
25
6[3= 3 _sa
9
100 8Q
—VW\—a b
40 20

Rpr=10+4+2+8=24Q
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Solution 2.48

_ RR,+R,R;+R;R; 100+100+100

a R. 30

@ R, 10
Ri=Rp=Rc=30Q

(b) R, - 30x20 +30x50 + 20x50 _ 3100 10330

30 30

R, =10 1550, R =060
20 50

Ra= 103.3Q, Ry, =155Q,R: =62 Q
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Solution 2.49

Transform the circuits in Fig. 2.113 from Ato Y.

60 Q 75Q
a b a b
60 Q 60 Q 150 Q 25Q
c c
(a) (b)

Figure 2.113
For Prob. 2.49.

G0x60

Step 1. (a) Ran = S0re0%en Run = Ren and
15075 25x75 150%25
(b) Ran = 1504754325 Ron = 1504754325 Ren = 150475425
Step 2. (a) Ran = 20 Q: Rbn = ch al’ld

(b) Ran = 11250/250 = 45 Q; Rpn = 1875/250 = 7.5 Q; and
Ren =3750/250 = 15 Q.

Ran Rbn ch
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Solution 2.50

Design a problem to help other students better understand wye-delta transformations using

Fig. 2.114.

Although there is no correct way to work this problem, this is an example based on the same
kind of problem asked in the third edition.

Problem

What value of R in the circuit of Fig. 2.114 would cause the current source to deliver 800 mW to

the resistors.

Solution

Using R, = 3Ry = 3R, we obtain the equivalent circuit shown below:

30mA

.

3R
3R

3R|R =

3R||GR + R

—

P=TR

R= 889 Q

3RxR 3
4R

R

#)30mA$ 3R % 3R/2
R

3RX§R

j:3R||%R -2 -R

3R+§R
2

800 x 10° = (30 x 10%)*R
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Solution 2.51

(@) 30[30=15Q and 30]20 = 30x20/(50) =122
Rap = 15(12+12) = 15x24/(39) =9.231 Q

a - a
200

300 3OQ§;(?Q —> §159
200

b b

(b)  Converting the T-sub network into its equivalent Anetwork gives

Rav = 10x20 + 20x5 + 5x10/(5) = 350/(5) =70 Q
Rye =350/(10) = 35Q2, Ra'c' =350/(20) =17.5Q

12Q

12Q

Also 30|70 = 30x70/(100) = 21Q and 35/(15) = 35x15/(50) = 10.5

Rab =25 + 17.5|(21+10.5) =25+17.531.5
Rab =36.25Q

30 Q

25Q
25Q = AN —
a m a—VVv

15 17.5 5
o Q —p Q % 3 Q%
b

15Q
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Solution 2.52
Converting the wye-subnetwork to delta-subnetwork, we obtain the circuit below.

3Q 9Q
BEWAVAVAN /N

\

302 §9Q9Q

30 W
3Q

30 6Q
_ /NW /N

W

3//1 =3x1/4 =0.75, 2//1 =2x1/3 =0.6667. Combining these resistances leads to the
circuit below.

30
VAVAVAN
2250 90
= 50 =
JAVAVAN
230 = 20
30
JAVAVAN

We now convert the wye-subnetwork to the delta-subnetwork.
Ra =[(2.25x3+2.25x3+2.25x2.25)/3] = 6.188 Q
Rp =R =18.562/2.25 =8.25 Q

This leads to the circuit below.

30
VAVAVAN
N =90
8.25 § 8.25 >
20 =20
VAVAVAN
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R = 9||6.188+8.25||2 = 3.667+1.6098 = 5.277

Req = 3+3+8.25||5.277 = 9.218 Q.
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Solution 2.53

(a) Converting one A to T yields the equivalent circuit below:

30 Q

a’

a ¢’
80 Q
b
Rup=  40XI0 o g 10850 oo 40500
40+10+50 100 100
Rup =20 + 80 + 20 + (30 +4)]|(60 +5) =120 + 34|65
Rap =142.32Q

(b) We combine the resistor in series and in parallel.

30((30+30) = =200

30x60
0

We convert the balanced As to Ts as shown below:

30Q 30Q a

b ,\/\/\/309

Rab =10 + (10+10)[(10+20+10) +10 = 20 + 20[40
Rab =33.33Q
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Solution 2.54

Consider the circuit in Fig. 2.118. Find the equivalent resistance at terminals:
(a) a-b, (b) c-d.

100 450 Q
a ® M AN oc
3oosz§ § 300 Q
450 Q
b ® AN MAN—=o4d

Figure 2.118
For Prob. 2.54.

300x(450+300+450) ARy = 300(450+300+450) 60

Step 1. Rab = 10+ nd Req =
300+450+300+450 300+450+300+450

Step 2. Rap = 10+240 = 250 € and Rcq = 240+60 = 300 Q.

Copyright © 2017 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the
prior written consent of McGraw-Hill Education.

Fundamentals of Electric Circuits 6th edition Alexander Solutions Manual


https://ravanbooks.com/books/9780078028229-solutions

Solution 2.55

Calculate /, in the circuit of Fig. 2.119.

100 V

Figure 2.119
For Prob. 2.55.

Solution

Step 1. First we convert the T to A.

2.1 kQ

100 V

Req
Req

Next we let R; =400; R, = 800; and R3z =200. Now we can calculate the values
of the delta circuit. Let Ryum = 400x800+800x200+200x400 and then we get Rap

2.8k LQR—“?_DD +—RE"-""'FE]
ac+700 Rp.+i7k

= RnumRS; Rpe = Rnumml; Rac = Ruum/R2. Flnally Req = 2 o4 Bgcroe | Bpaok and

T TRgo+von Ry +utk

Io = IOO/Req

Step 2. Rnum = 400x800+800x200+200x400 = 560,000 and then we get Rap =
560,000/200 = 2,800; Ry = 560,000/400 = 1,400; Rac = 560,000/800 = 700.

Rgo700 Ryp2.1k ] _ [?DDI?I}D 1.4k2.1k

Let Racy = L?Mwuu Rpo+2.1k 700 +700 1.4k+2.1k] = 350+ 840 =1190.
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2.8x[1150] _ 3.332k
2.8k +11590 3.95

=835.1 Q and I, = 100/835.1 = 119.75 mA.

Req =

Checking with PSpice we get,

R7 é é R6
400 700

Y% 200
100Vde—— )i Yy
. R11
§ § R10
800~ R8 1700
400
F Y ’ ! WATAVL
e R4
=0
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Solution 2.56

We need to find Req and apply voltage division. We first transform the Y network to A.

30 Q 30 Q
WA~
37.5Q b
VWV
30Q 20Q
C

15x10 +10x12 +12x15 450

Rab = =37.5Q

12 12
Rac = 450/(10) = 45Q, Roe =450/(15) = 30Q2

Combining the resistors in parallel,
30]20 = (600/50) = 12 Q,
37.5||30 = (37.5x30/67.5) = 16.667 Q
35|[45 = (35x45/80) = 19.688 Q
Req = 19.688|(12 + 16.667) = 11.672Q
By voltage division,

vV = ﬂloo = 4218V
11.672+16 -
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Solution 2.57

Find Req and 7 in the circuit of Fig. 2.121.

1 10Q 25Q

Wy

wo = =m
il

S0V D 100 §

Figure 2.121
For Prob. 2.57.

Solution

10x10+10x10+10x10 _ 300
10 10
Rac =216/(8) =27€2, Roe =36 Q
Ry = 40x20+20x80 +80x40 _ 5600
40
Rer = 5600/(80) = 70 Q, Rar = 5600/(20) = 280 Q

Rab =

=30 Q

=140 Q
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Combining resistors in parallel,

3030 = 0 _ 150, 30140 = 229 _ 547060
60 170

10280 = 280 _ g 65500
290

A —
10Q

10Q
6.4557 Q
15Q 10.6329 Q 5.3165Q
=> .

24.706 Q2 >70 O

9.6552 Q 9.6552 70 Q
o30S 40 (4570
30+15+24.706  69.706
30x24706 6379
69.706
= 227005 5516500
69.706

R, =10+6.4557+(10.6329+9.6552)|(5.3165 + 70)
=16.4557+20.2881] 75.3165 = 16.4557 + 1528.03/95.605

Req = 32.44 Q and I = 50/(Req) = 1.5413 A

Checking with PSpice we get,

R1 R2
1.541A] W
10 Rsé 25 é R6
10 5
v R7
50Vdc —— Iy .
§ § R10
10 R8 20
R4
At
80
1o§ § R11
R5 R9 15
Ay
L 25
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Solution 2.58

The 150 W light bulb in Fig. 2.122 is rated at 110 volts. Calculate the value of Vi to
make the light bulb operate at its rated conditions.

i,

150 Watt

100 Q

A
VWY

50 Q

Vs

Figure 2.112
For Prob. 2.58.

Solution

Step 1. First we need to calculate the value of the resistance of the lightbulb. 150 =
(110)*/R or R = (110)%/150. Now we have an equivalent circuit as shown below.

R
M\

. 100 Q § 00
Vs \- M

Next we note that Vr = 110 volts. The equivalent parallel resistance is equal to
100R/(100+R) = Req. Now we have a simple voltage divider or
110 = Vs[Req/(Req+50)] and Vs = 110(Req+50)/Req

Step 2. R =80.667 and Req = 8066.7/180.667 = 44.65. This leads to,

Vs =110(94.65)/44.65 = 233.2 volts.
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Solution 2.59

An enterprising young man travels to Europe carrying three lightbulbs he had purchased
in North America. The lightbulbs he has are a 100 watt lightbulb, a 60 watt lightbulb,
and a 40 watt lightbulb. Each lightbulb is rated at 110 volts. He wishes to connect these
to a 220 volt system that is found in Europe. For reasons we are not sure of, he connects
the 40 watt lightbulb in series with a parallel combination of the 60 watt lightbulb and the
100 watt lightbulb as shown Fig. 2.123. How much power is actually being delivered to
each lightbulb? What does he see when he first turns on the lightbulbs?

Is there a better way to connect these lightbulbs in order to have them work more
effectively?

D >

40 Wat 100 Watt
—

D

60 Watt

|

Figure 2.123
For Prob. 2.59.

Solution

Step 1.

Step 2.

Using p = v¥/R, we can calculate the resistance of each bulb.

Ruow = (110)%/40
Reow = (110)%/60
Rioow = (110)*/100

The total resistance of the series parallel combination of the bulbs is
Rrot = Raow + RioowReow/(R 100w + Reow).

We can now calculate the voltage across each bulb and then calculate the power
delivered to each. Vaow = (220/Rtot)R4ow and the voltage across the other two,
Vo0, will equal 220 — Vaow. Paow = (Vaow)*/Raow, Psow = (Veojj100)*/Reow, and
P1oow = (V0)j100)*/R 100w

Raow = (110)*/40 = 12,100/40 = 302.5 Q
Reow = (110)*/60 = 12,100/60 = 201.7 Q
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Rioow = (110)%/100 = 12,100/100 = 121 Q

Rrot =302.5 + 121x201.7/(1214201.7) = 302.5 + 24,406/322.7 = 302.5+75.63 =
378.1 Q.

Vaow = (220/Rtot)Raow = 0.5819x302.5 = 176 volts and the voltage across the
other two, V1oojs0, will equal 220 — Vaow = 44 volts. Piow = (Vaow)*/Raow =
30976/302.5 = 102.4 watts, Peow = (V6o||100)2/R60w =1936/201.7 = 9.6 watts, and
Pioow = (Veoj100)*/Rioow = 1936/121 = 16 watts.

Clearly when he flips the switch to light the bulbs the 40 watt bulb will flash bright as it
burns out! Not a good thing to do!

Is there a better way to connect them? There are two other possibilities. However what
if we place the bulb with the lowest resistance in series with a parallel combination of the
other two what happens? Logic would dictate that this might give the best result. So, let
us try the 100 watt bulb in series with the parallel combination of the other two as shown
below.

D) o

100 Watt 4? Watlt

(D

60 Watt

|

Now we get, Rtot = 121 + 302.5x201.7/(302.5+201.7) = 121 + 61,014/504.2 =
121+121.01 = 242 Q. Without going further we can see that this will work since the
resistances are essentially equal which means that each bulb will work as if they were
individually connected to a 110 volt system.

Vioow = (220/R10t)121 = 110 and the voltage across the other two, Voo, will equal 220
— Vioow = 110. Pioow = (Vioow)*/121 = 100 watts, Psow = (V6o||40)2/201.7 = 60 watts,
and Psow = (Veojp0)*/302.5 = 40 watts. This will work!

Answer: Psow = 102.4 W (means that this immediately burns out), Peow = 9.6 W,

Pioow = 16 W. The best way to wire the bulbs is to connect the 100 W bulb in series with
a parallel combination of the 60 W bulb and the 40 W bulb.
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Solution 2.60

If the three bulbs of Prob. 2.59 are connected in parallel to the 120-V source, calculate
the current through each bulb.

Solution

Using p = v¥/R, we can calculate the resistance of each bulb.
R3ow = (120)%/30 = 14,400/30 = 480 Q

Ruow = (120)%/40 = 14,400/40 = 360 Q

Rsow = (120)%/50 = 14,400/50 = 288 Q

The current flowing through each bulb is 120/R.

30 = 120/480 = 250 mA.

0 = 120/360 = 333.3 mA.

130 = 120/288 = 416.7 mA.

Unlike the light bulbs in 2.59, the lights will glow brightly!
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Solution 2.61

There are three possibilities, but they must also satisfy the current range of 1.2 + 0.06 =
1.26 and 1.2 - 0.06 = 1.14.

(a) Use R1 and Ra:
R =R,|R, =80[90 = 42.35Q

p=i’R =70W
i2 =70/42.35 = 1.6529 or i = 1.2857 (which is outside our range)
cost = $0.60 + $0.90 = $1.50

(b) Use R1 and R3:
R =R,|R, =80[100=44.44 O

i2=70/44.44 = 1.5752 ori = 1.2551 (which is within our range),
cost =$1.35

(©) Use R2 and R3:
R = R,||R; =90[100 = 47.37Q

i2=70/47.37 = 1.4777 or i = 1.2156 (which is within our range),
cost = $1.65

Note that cases (b) and (c) satisfy the current range criteria and (b) is the cheaper of the
two, hence the correct choice is:

R1 and R3
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Solution 2.62
pa=110x8 =880 W, pp=110x2=220W

Energy cost = $0.06 x 365 x10 x (880 + 220)/1000 = $240.90
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Solution 2.63

Use eq. (2.61),

-3

R, = I R - 2x107x100
-1, 5-2x107°

In:I—Im:4.998A

p= IR =(4.998)*(0.04) =0.9992 =1 W

=0.04Q
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Solution 2.64

The potentiometer (adjustable resistor) R, in Fig. 2.126 is to be designed to adjust
current /, from 10 mA to 1 A. Calculate the values of R and R, to achieve this.

b @

—_—

ov () % li*

Figure 2.126
For Prob. 2.64.

Solution

Step 1. Even though there are an infinite number of combinations that can meet these
requirements, we will focus on making the potentiometer the most sensitive.

First we will determine the value of R by setting the potentiometer equal to zero.

ix = 110/R =1 A. Next we set the potentiometer to its maximum value or

0.01 = 110/(R+Rx) or Rx = (110/0.01) — R. We now have enough equations to solve for
R and Rx.

Step 2.

R =110  and Rx = 11,000 — 110 = 10.89 k€.
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Solution 2.65

Design a circuit that uses a d’ Arsonval meter (with an internal resistance of 2 kQ that
requires a current of 5 mA to cause the meter to deflect full scale) to build a voltmeter to
read values of voltages up to 100 volts.

Solution.

Step 1. Since 100 volts across the meter will cause the current through the meter to be
100/2,000 = 0.05 amps, a way must be found to limit the current to 0.005 amps.
Clearly adding a resistance in series with the meter will accomplish that. The
value of the resistance can be found by solving for 100/Rto = 0.005 amps where
R1ot = 2,000 + Rs.

Step 2. Rtot = 100/0.005 =20 kQ. Rs =20,000 — 2,000 =18 kQ. So, our circuit consists
of the meter in series with an 18 kQ resistor.
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Solution 2.66

20 kQ/V = sensitivity = IL

fs

ie., I = ikQ/V =50 pA
20

Vv
The intended resistance Rm = —= =10(20kQ2/ V) = 200kQ

fs

@ R, =2r_r =29V 50010- 800 kO

i 50pA
(b) p=1IR, =(50 uA)>(800 kQ) = 2 mW
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Solution 2.67
(a) By current division,

i0=5/(5+5)(2mA) = 1 mA
Vo=(@4kQ)io=4x10°x10°=4V

(b)  4k|6k = 2.4kQ. By current division,
2 5(2mA) =119 mA

=
O 1424+
vy = (2.4 kQ)(1.19 mA) = 2.857 V

©  %error= 2 "Y0) x 100% = 1143 4100 228.57%
Vo
(d)  4k[36 kQ =3.6 kQ. By current division,
i, = ;(ZmA) =1.042mA
1+3.6+5
v, (3.6kQ)(1.042mA) = 3.75V
% error = |~—01x100% = %:100 —6.25%
Vo
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Solution 2.68

(@  40=2460Q

i= % _100maA
16+ 24
b i=—t _9756mA
16 +1+24
(c) %error=%xl()0%=2.44%
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Solution 2.69

A voltmeter is used to measure V, in the circuit in Fig. 2.129. The voltmeter model
consists of an ideal voltmeter in parallel with a 250-kQ resistor. Let Vs, =95 V,

R =25kQ, and R = 40 kQ. Calculate V, with and without the voltmeter when

(a) R2=5kQ (b) R, =25kQ

(c) R2 =250kQ

R;

Vs +

Figure 2.129
For Prob. 2.69

Solution

{15:'?{&5 } {15:'?{&5

\z50k+Ho- _ \zsok+Hg-
Step 1. Vo = V;- IEDRAg 9 ZEDR Ry and
R +R +———— Bak+ _—————
1 "gcok+Ro z50R+Hg
Ry

R
Vo = L'; == 95 2 .
R +R,+R, 65k +ER,

2s0kRg

Step 2. (a) Vo =95 ﬁ = 95(4.902/69.902) = 6.662 volts and

zsofk+Hg

Vo =95—=—=95(5k/70k) = 6.786 volts

RE
65k+Ry
zzoit Ry

(b) Vo = 95ﬁ = 95(22.727/87.727) = 24.61 volts and

=0k +Rqg

Vo=95—2_ = 95(25/90) = 26.39 volts
ESk+R

zs0k Ry
(©) Vo = 95?+HT =95(125/190) = 62.5 volts and
zz0k+Hg
Vo =95 —=2_ = 95(250/315) = 75.4 volts
65k +R,
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Solution 2.70

(a) Using voltage division,

12
v, =2 (25)=15V
12+8
10
- % (25 =10v
Y =041 P 1Y

Vop =V =V, =15-10=5V

(b) C
+ 8k )
25V
- _
T 12kQ 10kQ

Va=0; vac =—(8/(8+12))25 =-10V; vep = (15/(15+10))25 = 15V.
Vab = Vac + Vcb =—10+ 15=ﬂ.

Vp = —Vap ==3V.
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Solution 2.71

Figure 2.131 represents a model of a solar photovoltaic panel. Given that Vy =95V,
R; = 25 Q, ir= 2 A, findRL.

yie
459 Ry

Figure 2.131
For Prob. 2.71.

Step 1. Vs =iL(R1+RL) or RL = (95/2) - 25

Step 2. RL=475-25=225Q
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Solution 2.72

Converting the delta subnetwork into wye gives the circuit below.

1
N\
3
1 —>
N\ N\
@71/3
lel
1
10V AVAVA'
1 1 1. 1 14
Z =—+1+)//(1+)=—+=()=1Q
in ( 3)( 3) 3 2(3)
Z 1
V =—"-10)=—(010)=5V
’ 1+Zm( ) 1+1( )=V
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Solution 2.73

By the current division principle, the current through the ammeter will be one-half its
previous value when

R =20+ R«
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Solution 2.74
With the switch in high position,
6=(0.01 +R3+0.02) x5 —> R3=1.17Q
At the medium position,
6=(0.01+R2+R3+0.02) x3—» R>+R3=1.97
orR2=197-1.17=0.8Q
At the low position,

6= (0.01+R;1+R2+R3+0.02) x 1—> R1+R2 +R3 =597
R1=597-197=4Q
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Solution 2.75

Find Rab in the four-way power divider circuit in Fig. 2.135. Assume each
R=4Q.

Figure 2.135
For Prob. 2.75.

Step 1. There are two delta circuits that can be converted to a wye connected circuit.
This then allows us to combine resistances together in series and in parallel. This will
yield a new circuit with one remaining delta connected circuit that can be converted to a
wye connected circuit which then can be reduced to Rap.

R
RA3 NV
R R/3 /N\P
NV VAVAVAN R/3
AR M r
§ R R
R/3 NVA
R R/3 /N$
VAVAVAN N\
1y R

R/3 A
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Step 2. Converting delta-subnetworks to wye-subnetworks and combining resistances
leads to the circuit below.

B

ie
R, (sR/3@R/3) _ 1, T\ _
3 + (aR/3)+(aR/3) R(a ts ) =R

With this combination, the circuit is further reduced to that shown below.

Again we convert the delta to a wye connected circuit and the values of the wye
resistances are all equal to R/3 and combining all the series and parallel resistors gives us
R in series with R. Thus,

Rib=R+R=4+4=8Q
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Solution 2.76

Zpr=1+1=2Q
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Solution 2.77

(@  5Q=10]10=20[20/20[20

i.e., four 20 Q resistors in parallel.

(b)  311.8=300+ 10+ 1.8 =300 + 20[20+1.8

i.e., one 300Q2 resistor in series with 1.8C) resistor and a parallel combination of two
20Q2 resistors.

(c)  40kQ = 12kQ + 28kQ = (24]24k) + (56k[56k)

i.e., Two 24kQ resistors in parallel connected in series with two 56kQ resistors in
parallel.

(d) 52.32kQ = 28k+24k+300+20 = 56k||56k+24k+300+20

i.e., A series combination of a 20QQ resistor, 300QQ resistor, 24kQ resistor, and a
parallel combination of two 56kQ resistors.
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Solution 2.78

The equivalent circuit is shown below:

+
V
S Vo (1-o)R

1-a)R 1-
I-o) Vg = o

Vs

""Ryd-0R 5 2-a
&_ |
VS 2—a
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Solution 2.79
Since p = v2/R, the resistance of the sharpener is

R = v¥(p) = 6%/(240 x 10) = 150Q
I = p/(v) = 240 mW/(6V) = 40 mA

Since R and R are in series, I flows through both.

IRx:Vx:9'6:3V
Rx =3/(I) = 3/(40 mA) = 3000/(40) =75 Q
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Solution 2.80

The amplifier can be modeled as a voltage source and the loudspeaker as a resistor:

Vv
R, v R;
Case 1 Case 2
V? R R 10
Hence p=—, .2 —> p,=—tp,=—(12)=30W
R p R, R, 4
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Solution 2.81

For a specific application, the circuit shown in Fig. 2.140 was designed so that
I =83.33 mA and that R;, = 5 kQ. What are the values of R; and R2?

R;

° AMA——Es
1 amp §5k§2 R, — §10k£2 §Rz §10k9
®
Figure 2.140
For Prob. 2.81.
Solution
Step 1. Calculate R, in terms of Ry and R>. Next calculate the value of 11 in

terms of R; and R».

R, +10k
R,10k
R, +10k

division entering Riy has to equal 500 mA. Again using current division, the
current through R =250 mA. Finally we can use current division to obtain Iy..

101((111 + RolOK ]

Rin = = 5k and since Rin = 5k, the current by current

10k +R, +

I = 0.25xR2/(R2+10k) = 0.08333 A.
Step 2. First we can calculate R2. 0.25R2 = 0.08333(R> + 10,000) or

(0.25-0.08333)R> = 833.3 or R> = 833.3/0.16667 = 5,000 = 5 kQ.

5kx10k
IOk[RI +51<+101<) 10k (R, +3.3333k)

Next 5k = — or
5k10k 10k +R, +3.3333k

Sk +10k
Sk(R1+13.3333k) = 10k(R1+3.3333) or R1+13.3333 = 2R + 6.6666 or

10k +R, +

R1 =13.3333k-6.6666k = 6.6667k = 6.667 kQ.
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Solution 2.82

The pin diagram of a resistance array is shown in Fig. 2.141. Find the equivalent
resistance between the following:

(a) 1and?2 (b) 1and3 (c) 1and 4
4 3
1 ]
é 40 Q é 40 Q
—AAAA—
30Q
) § 30Q
— WW—
750 § 30Q
O] ||
1 2

Figure 2.141
For Prob. 2.82.

Solution

Step 1. Each pair of contacts will connect a specific circuit where we can use the variety
of wye-delta, series, and paralleling of resistances to obtain the desired results.

(a) 30Q

30 Q

75Q

Riz
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(b)

300 40 Q

300
300 <« 3y,

%759
1

(c) 4
40Q
30Q

30Q

%759
1

Step 2. (a) Ri12 =75 + 30x60/(304+60) = 75420 = 95 Q

R14 =>
30Q

(b) R13 = 75 + [30x60/(30+60)] + 40 = 135 Q

(c)R1a=40+75=105 Q
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Solution 2.83

Two delicate devices are rated as shown in Fig. 2.142. Find the values of the resistors
R1 and R> needed to power the devices using a 36-V battery.

60-mA, 2-Q fuse

0

36 V,720 mW

Device 2

36V —

R, Device 1
12 V,75 mW

Figure 2.142
For Prob. 2.83.

Solution

The voltage across the fuse should be negligible when compared with 24 V (this can be
checked later when we check to see if the fuse rating is exceeded in the final circuit). We
can calculate the current through the devices.

L= 2V s ma

vV, 12V
IZ - & — 720—I71W — 20mA

v, 36

Ifuse i2=20 mA
ir1
N Ri i; = 6.25 mA
36V =

R;

Let R3 represent the resistance of the first device, we can solve for its value from
knowing the voltage across it and the current through it.

R3 =12/0.00625 = 1,920 Q
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This is an interesting problem in that it essentially has two unknowns, R1 and R> but only
one condition that need to be met and that is that the voltage across R3 must equal 12
volts. Since the circuit is powered by a battery we could choose the value of R, which
draws the least current, R» = co. Thus we can calculate the value of R that gives 12 volts
across Rj.

12 = (36/(R1 + 1920))1920 or R1 = (36/12)1920 — 1920 = 3.84 kQ2
This value of R; means that we only have a total of 26.25 mA flowing out of the battery

through the fuse which means it will not open and produces a voltage drop across it of
0.0525 mV. This is indeed negligible when compared with the 36-volt source.
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Saturday, December 20, 2014

CHAPTER 2
P.P.2.1 i= V/R = 110/15 = 7.333 A
P.P.2.2 (a) v=1R = 3 mA[10 kohms] = 30

(b) G = 1/R = 1/10 kohms = 100 uS

(©) p =vi =230 volts[3 mA] = 90 mW

P.P.2.3 p = vi which leads to i = p/v =[30 cos? (t) mW]/[15cos(t) mA]

or i= 2cos(t) mA

R =v/i = 15cos(t)V/2cos(t)mA = 7.5 kQ

P.P.24 5 branches and 3 nodes. The 1 ohm and 2 ohm resistors are in parallel.
The 4 ohm resistor and the 10 volt source are also in parallel.

P.P.2.5 Applying KVL to the loop we get:
—32 + 41— (-8) + 2i = 0 which leads to i = 24/6 = 4A

vi=4 =16V and v» =-2i =8V

P.P.2.6 Applying KVL to the loop we get:
=70+ 101+ 2vx+51=0
But, vx = 101 and vo = —5i. Hence,
=70 + 101 + 201 + 51 =0 whichleadsto1=2 A.

Thus, vx = 20V andvp = =10 V
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P.P.2.7 Applying KCL, 0=—15+1io + [i0/3] + [vo/12], but io = vo/2

Which leads to: 15 = (vo/2) + (vo/6) + (vo/12) = vo((6+2+1)/12) thus, vo = 20 V and
io = 10A

P.P.2.8 i is 40
+ V1 - + Vs -
10V -
6V
Loop 1 80 | Loop 2 +
&
At the top node, O=—-i1+x+izorij=i2+13 (D)
For loop 1 -10+Vy +V2 =0
or Vi =10 -V, (2)
For loop 2 -V2+4+V3 -6 =0
or Vi =V, + 6 3)

Using (1) and Ohm’s law, we get

(V1/2) = (V2/8) + (V3/4)
and now using (2) and (3) in the above yields

[(10 — V2)/2] = (V2/8) + (V2 + 6)/4
or [7/8]V2=14/40r V. =4V

Vi=10-V2=6V,Vi=4+6=10V, i = (10-4)/2 =3 A,
i,=4/8=500mA, is=2.5 A

Rq — 60 120 10Q
3Q 6 Q
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Combining the 8-ohm, 10-ohm, and 6-ohm resistors in series gives 8+10+6 = 24.
But, 12 in parallel with 24 produces [12x24]/[12+424] = 288/36 = 8 ohms.

So that the equivalent circuit is shown below.

40 40
3Q

Thus, Req =4 + [6x12]/[6+12] +3 =11 Q

20 Q
P.P.2.10 /\/\/\/_
16 Q2 5Q
180
Req " 10
9Q
2Q

Combining the 9 ohm resistor and the 18 ohm resistor yields [9x18]/[9+18] = 6 ohms.
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Combining the 5 ohm and the 20 ohm resistors in parallel produces [5x20/(5+20)] =4
ohms We now have the following circuit:

16 Q 4Q
20
The 4 ohm and 1 ohm resistors can be combined into a 5 ohm resistor in parallel with a
20 ohm resistor. This will result in [5x20/(5+20)] = 4 ohms and the circuit shown below:

16 Q 40
4/\/\6/:?/\/\/%
2Q

The 4 ohm and 2 ohm resistors are in series and can be replaced by a 6 ohm resistor.
This gives a 6 ohm resistor in parallel with a 6 ohm resistor, [6x6/(6+6)] = 3 ohms. We
now have a 3 ohm resistor in series with a 16 ohm resistor or 3 + 16 = 19 ohms.
Therefore:

Req = 19 ohms
P.P. 2.11
75 5S 75 =7+5=12S
G 128
“ Geq —»
165 8S 16||8 = 16+8 = 24S 24 S

12 S in series with 24 S = {12x24/(12424)] =8 or: Geq= 8 S
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P.P.2.12
12 Q

iTW\/_

+ Vi - :
12 + Vi —

NN~ — A\

6Q + 40 +
30V <t> 30V C*)
10Q 40Q §V2 $Q va

6][12 = [6x12/(6+12)] =4 ohm and 10||40 = [10x40/(10+40)] = 8 ohm.
Using voltage division we get:

vi = [4/(4+8)] (30) = 10 volts, v2 = [8/12] (30) = 20 volts

i1 =vi/12=10/12 =833.3 mA, iz = v2/40 = 20/40 = 500 mA

P1 =vi11 =10x10/12 =8.333 watts, P> = v2 12 =20x0.5 = 10 watts

P.P.2.13
3k Q i1 iz
«— —
+ +
12k Q
30mA .
ok O Vi 15k 60k Q<V2 12k Q 30mA

Using current division, i1 =1i2 = (30 mA)(12 kohm/(12 kohm + 12 kohm)) = 15mA

(a) vi = (9 kohm)(15 mA) = 135 volts
v2 = (12 kohm)(15 mA) = 180 volts

(b) For the 9k ohm resistor, P1 = vi x i1 = 135x15x107° = 2.025 w
For the 60k ohm resistor, P2 = (v2)* /60k = 540 mw

(©) The total power supplied by the current source is equal to:
P =v;x30mA = 180x30x10° =54 W
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P.P.2.14

Ra = [R1 R2+R2R3 +R3 Ri]J/R1 = [10x20 + 20x40 + 40x10]/10 = 140 ohms

Rp = [R1 R2+ R2R3+ R3R;]/R2 = 1400/20 = 70 ohms

Rc = [R1R2 + R2R3 + R3 Ri])/ Rz = 1400/40

P.P.2.15

i
- 6 QQ
240V 48 QO ZOQ
60 Q 100
b

35 ohms

We first find the equivalent resistance, R. We convert the delta
sub-network to a wye connected form as shown below:

6Q

Ran = 40x60/[40 + 60 + 100] = 12 ohms, Ryn = 40x100/200 = 20 ohms
Ren = 60x100/200 = 30 ohms.

Thus, Rap = 6 + [(48 + 12)[|(20 + 20)] + 30 = 6 + 60x40/(60 + 40) + 30
6 +24 + 30 = 60 ohms.

i =240/ Rap = 240/60 = 4 amps

P.P.2.16

P.P.2.17
(a)

(b)
(©

For the parallel case, v = vo = 115volts.
p = vi= i = p/v = 40/115 = 347.8 mA

For the series case, v = vo/N = 115/6 = 19.167 volts
i = p/v = 40/19.167 = 2.087 amps

We use equation (2.61)
Ri = 50x107/ (1-10) = 0.05/999 = 50 mQ (shunt)

Rz = 50x107%/(100x10° - 10%) = 50/99 = 505 mQ (shunt)

R3 = 50x10°%/(10x103-107) = 50/9 = 5.556 Q (shunt)
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