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With its objective to present circuit analysis in a manner that is clearer, more interesting, and easier to 
understand than other texts, Fundamentals of Electric Circuits by Charles Alexander and Matthew Sadiku 

has become the student choice for introductory electric circuits courses. 

Building on the success of the previous editions, the fifth edition features the latest updates and advances in the 
field, while continuing to present material with an unmatched pedagogy and communication style.

Pedagogical Features

■  Problem-Solving Methodology. A six-step method for solving circuits problems is introduced in Chapter 1 and 
used consistently throughout the book to help students develop a systems approach to problem solving that 
leads to better understanding and fewer mistakes in mathematics and theory.

■  Matched Example Problems and Extended Examples. Each illustrative example is immediately followed by a 
practice problem and answer to test understanding of the preceding example. one extended example per 
chapter shows an example problem worked using a detailed outline of the six-step method so students can 
see how to practice this technique. Students follow the example step-by-step to solve the practice problem 
without having to flip pages or search the end of the book for answers.

■  Comprehensive Coverage of Material. not only is Fundamentals the most comprehensive text in terms of 
material, but it is also self-contained in regards to mathematics and theory, which means that when students 
have questions regarding the mathematics or theory they are using to solve problems, they can find answers to 
their questions in the text itself. they will not need to seek out other references. 

■  Computer tools. PSpice® for Windows is used throughout the text with discussions and examples at the end of 
each appropriate chapter. MAtLAB® is also used in the book as a computational tool.

■  new to the fifth edition is the addition of 120 national instruments Multisim™ circuit files. Solutions for almost 
all of the problems solved using PSpice are also available to the instructor in Multisim. 

■  We continue to make available KCidE for Circuits (a Knowledge Capturing integrated design Environment for 
Circuits).

■   An icon is used to identify homework problems that either should be solved or are more easily solved using 
PSpice, Multisim, and/or KCidE. Likewise, we use another icon to identify problems that should be solved or are 
more easily solved using MAtLAB.

Teaching Resources

McGraw-hill Connect® Engineering is a web-based assignment and assessment platform that gives students the 
means to better connect with their coursework, with their instructors, and with the important concepts that they 
will need to know for success now and in the future. Contact your McGraw-hill sales representative or visit www.
connect.mcgraw-hill.com for more details.

the text also features a website of student and instructor resources. Check it out at www.mhhe.com/alexander.
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Chapter 1, Solution 1 
 
(a) q = 6.482x1017

 x [-1.602x10-19
 C] = –103.84 mC 

 
(b) q = 1. 24x1018

 x [-1.602x10-19
 C] = –198.65 mC 

 
(c) q = 2.46x1019

 x [-1.602x10-19
 C] = –3.941 C 

 
(d) q = 1.628x1020

 x [-1.602x10-19
 C] = –26.08 C 

 



Chapter 1, Solution 2 
 

 
(a) i = dq/dt = 3 mA 
(b)   i = dq/dt = (16t + 4) A 
(c) i = dq/dt = (-3e-t  + 10e-2t) nA 
(d) i=dq/dt = 1200 120 cos t  pA 
(e) i =dq/dt =   e t tt4 80 50 1000 50( cos sin ) A

 
 
 



Chapter 1, Solution 3 
 

(a) C  1)(3t   q(0)i(t)dt  q(t)  

(b) mC  5t)(t 2   q(v)dt s)(2tq(t)  

(c)  q(t) 20 cos 10t / 6 q(0) (2sin(10 / 6) 1) Ct         

 

(d) 

C 40t) sin 0.12t(0.16cos40e 30t- 




   t)cos 40-t40sin30(
1600900

e10
q(0)t40sin10eq(t)

-30t
30t-

 



Chapter 1, Solution 4 
 
   q = it  = 7.4 x 20  = 148 C 
 
 



Chapter 1, Solution 5 
 

10 2

0

101
25 C

02 4

t
q idt tdt      

 



Chapter 1, Solution 6 
 

(a) At t = 1ms, 
2

30

dt

dq
i  15 A 

 

(b) At t = 6ms, 
dt

dq
i  0 A 

 

(c) At t = 10ms, 



4

30

dt

dq
i  –7.5 A 



Chapter 1, Solution 7 
 














8t6        25A,

6t2      25A,-

2t0        A,25

dt

dq
i  

 
which is sketched below: 
 

 



Chapter 1, Solution 8 
 

C 15 ɛ110
2

110idtq 


   

 



Chapter 1, Solution 9 
 

(a) C 10 
1

0
dt 10idtq  

 

(b) 

C5.2255.715

15
2

15
10110idtq

3

0









 

   

 

(c)  C 30  101010idtq
5

0
 



Chapter 1, Solution 10 
 
 

q = it = 10x103x15x10-6 =  150 mC 
 



Chapter 1, Solution 11 
 
 

 q= it = 90 x10-3 x 12 x 60 x 60 = 3.888 kC 
 
 E = pt = ivt = qv = 3888 x1.5 = 5.832 kJ 

  
 



Chapter 1, Solution 12 
 

For 0 < t < 6s, assuming q(0) = 0,  
 

q t idt q tdt t
t t

( ) ( ) .     0 3 0 15
0

2

0

 

At t=6, q(6) = 1.5(6)2 = 54 
For 6 < t < 10s, 
 

q t idt q dt t
t t

( ) ( )      6 18 54 18 5
6 6

4

66

 

At t=10, q(10) = 180 – 54 = 126 
For 10<t<15s, 
 

q t idt q dt t
t t

( ) ( ) ( )        10 12 126 12 246
10 10

 

 
At t=15, q(15) = -12x15 + 246 = 66 
For 15<t<20s, 
 

q t dt q
t

( ) ( )   0 15
15

 

Thus, 
 

q t

t

t

t
( )

.

,




 











15

18 54

12 246

66

2   C,   0 <  t <  6s

  C,   6 <  t <  10s

 C,   10 <  t <  15s

 C   15 < t < 20s

 

 
The plot of the charge is shown below. 
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Chapter 1, Solution 13 
 
 (a)  i = [dq/dt] = 20ˊcos(4ˊt) mA 
 
p = vi = 60ˊcos2(4ˊt) mW 

 
At t=0.3s, 

p = vi = 60ˊcos2(4ˊ0.3) mW = 123.37 mW 
 

(b)  W =  
 

W = 30ˊ[0.6+(1/(8ˊ))[sin(8ˊ0.6)–sin(0)]] = 58.76 mJ 
 



Chapter 1, Solution 14 
 

(a)       2e2102.02et02.0dte-10.02idtq 0.5-1

0

0.5t-1

0

0.5t-    = 4.261 mC 

 
(b)   p(t) = v(t)i(t) 
        p(1) = 10cos(2)x0.02(1–e–0.5) = (–4.161)(0.007869) 
 

= –32.74 mW 



Chapter 1, Solution 15 
 

(a)  

 


  

1e003.0

e
2

006.0
dt0.006eidtq

4-

2

0

2t2

0

2t-

 

   2.945 mC 
 

(b)   2t-2t- e12.0)10(e012.0
dt

di10
v   V this leads to p(t) = v(t)i(t) = 

(-0.12e-2t)(0.006e-2t) = –720e–4t µW 
 

(c)  
3

0

64t-3

0

4t- 10e
4

720
dt e-0.72pdtw   




 = –180 µJ 



Chapter 1, Solution 16 
 
 (a) 

30  mA,  0 < t <2
( )

120-30t  mA, 2 < t<4

t
i t


 


 

 
5 V,  0 < t <2

( )
-5 V, 2 < t<4

v t


 


 

 
150  mW,  0 < t <2

( )
-600+150t  mW, 2 < t<4

t
p t


 


 

 
which is sketched below. 

 
                                   p(mW)   
 
                              300 
 
 
 
 
 
                                    4          t  (s)                   
 
 
                             -300 

1 2

 
 
 

(b) From the graph of p, 

 
4

0

0 JW pdt   

 
 



Chapter 1, Solution 17 
 

 p = 0   -205 + 60 + 45 + 30 + p3 = 0 
 
p3 = 205 – 135 = 70 W 
 
Thus element 3 receives 70 W. 



Chapter 1, Solution 18 
 

p1 = 30(-10) = -300 W 
p2 = 10(10) = 100 W 
p3 = 20(14) = 280 W 
p4 = 8(-4) = -32 W 
p5 = 12(-4) = -48 W 



Chapter 1, Solution 19 
 

I = 8 –2 = 6 A 
 

Calculating the power absorbed by each element means we need to find vi for 
each element. 
 

p8 amp source = –8x9 = –72 W 
pelement with 9 volts across it = 2x9 = 18 W 
pelement with 3 bolts across it = 3x6 = 18 W 

p6 volt source = 6x6 = 36 W 
 

One check we can use is that the sum of the power absorbed must equal zero 
which is what it does. 

 



Chapter 1, Solution 20 
 

p30 volt source = 30x(–6) = –180 W 
p12 volt element = 12x6 = 72 W 

p28 volt e.ement with 2 amps flowing through it = 28x2 = 56 W 
p28 volt element with 1 amp flowing through it = 28x1 = 28 W 

pthe 5Io dependent source = 5x2x(–3) = –30 W 
 

Since the total power absorbed by all the elements in the circuit must equal zero, 
or 0 = –180+72+56+28–30+pinto the element with Vo or 
 

pinto the element with Vo = 180–72–56–28+30 = 54 W 
 

Since pinto the element with Vo = Vox3 = 54 W or Vo = 18 V. 
 



Chapter 1, Solution 21 
 

60
0.5 A

120

p
p vi i

v
      

q =  it  = 0.5x24x60x60 =  43.2 kC 
18 236.24 10 2.696 10  electronseN qx x x   

 
 



Chapter 1, Solution 22 
 
q = it = 40x103x1.7x10–3 = 68 C 



Chapter 1, Solution 23 
 
W = pt  = 1.8x(15/60) x30 kWh =  13.5kWh 
C = 10cents x13.5 = $1.35 
 



Chapter 1, Solution 24 
 

W = pt = 60 x24 Wh = 0.96 kWh = 1.44 kWh 
 

C = 8.2 centsx0.96  = 11.808 cents 
 
 



Chapter 1, Solution 25 
 

cents/kWh  2.830hr 
60

3.5
 kW  1.5 Cost  = 21.52 cents 



Chapter 1, Solution 26 
 

(a) 



10h

hA8.0
i 80 mA 

(b) p = vi = 6  0.08 = 0.48 W 
(c) w = pt = 0.48  10 Wh = 0.0048 kWh 



Chapter 1, Solution 27 
 

  



kC 43.2  36004 3  T33dt idt   q

3600  4 4h   TLet     (a)
T

0

 

 
 

 

kJ 475.2

.
.

.
)((



















 



 

3600162503600403
3600

250
103

dt
3600

t50
103vidtpdtW   b)

36004

0

2

0

T

0

t
t

T

 

 

cents 1.188

(





cent 9kWh
3600

475.2
 Cost

Ws)(J     kWs, 475.2W       c)
 



Chapter 1, Solution 28 
 

120

60

V

P
i   (a)    

 
= 500 mA 

 
 

525.6 $0.095Cost

kWh6.525 Wh2436506pt   Wb)(




 

= $49.93 
 



Chapter 1, Solution 29 
 

cents 39.6

.















3.3  cents 12Cost

kWh 3.30.92.4

hr
60

30
kW 1.8hr

60

45)1540(20
kW21ptw

 

 



Chapter 1, Solution 30 
 
Monthly charge = $6 
 
First 250 kWh @ $0.02/kWh = $5 
 
Remaining 2,436–250 kWh = 2,186 kWh @ $0.07/kWh= $153.02 
   

Total  = $164.02 
 

 



Chapter 1, Solution 31 
 

Total energy consumed = 365(120x4 + 60x8)  W 
  Cost = $0.12x365x960/1000 = $42.05 

 
 
 



Chapter 1, Solution 32 
 

i = 20 µA 
 
q = 15 C 
 
t = q/i = 15/(20x10-6) = 750x103 hrs 
 



Chapter 1, Solution 33 
 

C 61032000idtq
dt

dq
i 3    

 



Chapter 1, Solution 34 
 

(a)   Energy  =   = 200 x 6 + 800 x 2  + 200 x 10  + 1200 x 4  + 200 x 2 pt
                  = 10 kWh 
 
(b)   Average power = 10,000/24  = 416.7 W 

 
 
 
 
 



Chapter 1, Solution 35 
 

 
energy = (5x5 + 4x5 + 3x5 + 8x5 + 4x10)/60 = 2.333 MWhr 
 
 



Chapter 1, Solution 36 
 

days 6,667
,

(

A 4








day / 24h

h000160

0.001A

160Ah
    tb)

40

hA160
i     (a)

 

 



Chapter 1, Solution 37 
 
W = pt = vit = 12x 40x 60x60  = 1.728  MJ 
 

 



Chapter 1, Solution 38 
 

P = 10 hp = 7460 W 
 
W = pt = 7460  30  60 J = 13.43  106 J 
 



Chapter 1, Solution 39 
 

W = pt = 600x4  = 2.4 kWh 
C = 10cents x2.4  = 24 cents 

 
 



Chapter 2, Solution 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-k resistor is 16 V. Find the current through the resistor. 
 
Solution 
 
 

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



Chapter 2, Solution 2 
 
p  =   v2/R        R  = v2/p  =  14400/60  =  240 ohms 



Chapter 2, Solution 3 
 
For silicon,  26.4 10x  -m.   2A r .  Hence, 

 
2 2

2
2

6.4 10 4 10
0.033953

240

L L L x x x
R r

A r R x

  
  



       

  
r = 184.3 mm 



Chapter 2, Solution 4 
 

(a) i  =  40/100  =  400 mA 
(b) i  =  40/250  =  160 mA 



Chapter 2, Solution 5 
 

n  =  9; l  =  7; b  =  n + l – 1  =  15 



Chapter 2, Solution 6 
 

n  =  12;    l  =  8;    b  =  n + l –1  =  19 



Chapter 2, Solution 7 
 

6 branches and 4 nodes 
 





Chapter 2, Solution 9 
 

At A,   1+6–i1 = 0 or i1 = 1+6 = 7 A 
  
 
At B,    –6+i2+7 = 0 or i2 = 6–7 = –1 A 
 
 
At C,   2+i3–7 = 0 or i3 = 7–2 = 5 A 
  

 
 



Chapter 2, Solution 10 
 
 

2

1 

–8A 

i2i1 

4A
 
 
 
 3
 
 
 –6A
 
  
 At node 1, –8–i1–6 = 0 or i1 = –8–6 = –14 A 
 
 At node 2,  –(–8)+i1+i2–4 = 0 or i2 = –8–i1+4 = –8+14+4 = 10 A 

 



Chapter 2, Solution 11 
 

1 11 5 0 6 VV V       

2 25 2 0 3 VV V       

 
 
 



Chapter 2, Solution 12 
 
 +  30v –  
 
 
 

loop 2  
+  v 

 
 
 
 
 
 
  
 For loop 1,  –40 –50 +20 + v1  =  0 or v1 = 40+50–20 = 70 V   
   

For loop 2, –20 +30 –v2  =  0  or v2 = 30–20 = 10 V 
  
 
 For loop 3,  –v1 +v2 +v3  =  0 or v3 = 70–10 = 60 V   
 
 

 

+ 
v1 

– 

2  – +  20v – –  50v +    

+ 
v3 

– 

+ 
loop 1 40v loop 3 

-   







Chapter 2, Solution 15 
 

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

Figure 2.79   
For Prob. 2.15. 

 
 
Solution 
 
 
 

For loop 1,  –10 + v +4 = 0,   v = 6 V 
 
For loop 2,  –4 + 16 + 3ix  =0,   ix =          –4 A 

 
 
 

+ – 16 V 

+ 

10 V 
3 ix 

+ 

4 V 

_ 

v – 

12  

ix 

+ 
+ 

_ _ 



Chapter 2, Solution 16 
 
 

Determine Vo  in the circuit in Fig. 2.80. 
 

16  14   
 
 
 
 
 
 
 
 
 
 

Figure 2.80   
For Prob. 2.16. 

 
 
Solution 
 
 

Apply KVL, 
 –10 + (16+14)I + 25 = 0 or 30I = 10–25 = – or  I = –15/30 = –500 mA 
Also, 
 –10 + 16I + Vo = 0 or Vo = 10 – 16(–0.5) = 10+8 = 18 V 
   

 
 
 

+ 
_ 

+ 

_ 

·

+ 10 V V 25 V _ o 

·



Chapter 2, Solution 17 
 

Applying KVL around the entire outside loop we get, 
 
 –24 + v1 + 10 + 12 = 0 or v1 = 2V 
 
Applying KVL around the loop containing v2, the 10-volt source, and the 
12-volt source we get, 
 
 v2 + 10 + 12 = 0 or v2 = –22V 
 
Applying KVL around the loop containing v3 and the 10-volt source we 
get, 
 
 –v3 + 10 = 0 or v3 = 10V 
 
 



Chapter 2, Solution 18 
 
 
 
 Applying KVL,  
 
  -30 -10 +8 + I(3+5) = 0 
 
  8I = 32               I = 4A 
 
  -Vab + 5I + 8 = 0              Vab = 28V 
   
 
  



Chapter 2, Solution 19 
 

Applying KVL around the loop, we obtain 
 
  –(–8) – 12 + 10 + 3i = 0             i = –2A 
 
 Power dissipated by the resistor: 
 
  p

3  = i2R = 4(3) = 12W 

 
 Power supplied by the sources: 
 
  p12V = 12 ((–2)) = –24W 
 
  p10V = 10 (–(–2)) = 20W 
 

 p8V = (–8)(–2) =  16W 
 
 
 

 
 
 
  



Chapter 2, Solution 20 
 

Determine io in the circuit of Fig. 2.84. 
 

22 i o 

 
 
 
 
 
 
 
 
Figure 2.84 
For Prob. 2.20 
 

Solution 
 
Applying KVL around the loop, 

 
–54 + 22io + 5io = 0             io = 4A 

 
 
 

 
 
 
  

 
+ +    5i54V o   – 



Chapter 2, Solution 21 
 
Applying KVL, 
 -15 + (1+5+2)I  + 2 Vx  = 0 
But  Vx = 5I, 
 -15 +8I + 10I =0,        I = 5/6 
 Vx  = 5I = 25/6  = 4.167 V 
 
 



Chapter 2, Solution 22 
 

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

 
 10  V1  

 
 
 
 
 
 
 
Figure 2.86 

+              Vo 
25A 10  2Vo 

For Prob. 2.22 
 
Solution 

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

or Vo = –11.905 V 
 
The current through the controlled source is i = 2V0 = –23.81 A 
and the voltage across it is V1 = (10+10) i0 (where i0 = –V0/10) = 20(11.905/10) 
= 23.81 V. 
 
Hence, 
 pdependent source = V1(–i) = 23.81x(–(–23.81)) = 566.9 W 
 
Checking,  (25–23.81)2(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! 



 
Chapter 2, Solution 23 
 

8//12 = 4.8,  3//6 = 2,  (4 + 2)//(1.2 + 4.8) = 6//6 = 3 
The circuit is reduced to that shown below. 
 

      ix   1  
 
 
          +     vx      –  
 
 
  20A        2      3  
 
 
 

 
Applying current division, 
 

ix = [2/(2+1+3)]20 = 6.667 and vx = 1x6.667 = 6.667 V 
 

i A A v ix x
 

 
2

2 1 3
6 2 1 2( ) , Vx   

The current through the 1.2-  resistor is 0.5ix = 3.333 A.  The voltage across the 
12-  resistor is 3.333 x 4.8 = 16V.  Hence the power absorbed by the 12-ohm 
resistor is equal to 



 
(16)2/12 = 21.33 W 

 
 
 
 
 
 
 
 



Chapter 2, Solution 24 
 

(a)       I0 = 
21 RR

Vs


 

 

   0V I0  43 RR  = 
43

43

21

s

RR

RR

RR

V







  

 

     4321

430

RRRR
RR

Vs
V







 

 
(b) If R1 = R2 = R3

 = R4 = R, 
 

10
42

R

R2V

V

S

0 





     = 40 



Chapter 2, Solution 25  
 

V0 = 5 x 10-3 x 10 x 103 = 50V 
 

Using current division, 
 

  I20 


 )5001.0(
205

5
x  0.1 A 

 
  V20 = 20 x 0.1 kV = 2 kV 
 
  p20 = I20 V20 = 0.2 kW 
 



Chapter 2, Problem 26. 
 

For the circuit in Fig. 2.90, io = 3 A.  Calculate ix and the total power absorbed by 
the entire circuit. 

 
 

io  10  ix 
 
 
 8  4 
 
 
 

Figure 2.90   
For Prob. 2.26. 
 

Solution 
 
If    i16= io = 3A, then  v = 16x3 = 48 V and i8 = 48/8 = 6A; i4 = 48/4 = 12A; and 
i2 = 48/2 = 24A. 
 
Thus, 

ix = i8 + i4 + i2 + i16 = 6 + 12 + 24 + 3 = 45 A 

 
p = (45)210 + (6)28 + (12)24 + (24)22 + (3)216 = 20,250 + 288 + 576 +1152 + 144 
 

= 20250 + 2106 = 22.356 kW. 
 

 
 

2  16  



Chapter 2, Problem 27. 
 

Calculate Io in the circuit of Fig. 2.91. 
 

8   
 

  
Io +  3  6 10V   

 
 

 
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, 
 

Io = 10/(8+2) = 1 A. 
 



Chapter 2, Solution 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. 
 

 
 
Solution 
 

We first combine the two resistors in parallel 
 
  1015  6  

 
We now apply voltage division, 

 

  v1 = 


)40(
614

14
 28 V 

 

  v2 = v3 = 


)40(
614

6
 12 V 

 
Hence,  v1 = 28 V, v2 = 12 V, vs = 12 V 
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All resistors in Fig. 2.93 are 5  each.  Find  Req. 
 
 
 
 
 
 
 
 
  

Req 

Figure 2.93   
For Prob. 2.29. 

 
Solution 
 
 

Req = 5 + 5||[5+5||(5+5)] = 5 + 5||[5+(5x10/(5+10))] = 5+5||(5+3.333) = 5 + 
41.66/13.333  

 
= 8.125 Ý 

 
 
 



Chapter 2, Problem 30. 
 

Find Req for the circuit in Fig. 2.94. 
 
 
 
 

25  180  
 
 
 
 
 
 
 
 

 
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, 

Req = 25+48 = 73 Ý. 
 

60 

60  

Req 
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1
3 2 // 4 //1 3 3.5714

1/ 2 1/ 4 1eqR     
 

 

 
i1 = 200/3.5714 = 56 A 

 
v1 = 0.5714xi1 = 32 V and i2 = 32/4 = 8 A 

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

 
 
 

 
 







Chapter 2, Solution 34 
 
 160//(60 + 80 + 20)= 80 , 
 160//(28+80 + 52) = 80  
 
 Req = 20+80 = 100 Ý 
 
 I = 200/100 = 2 A or p = VI = 200x2 = 400 W. 
 
 
 
 
 





Chapter 2, Solution 36 
 
 
 20//(30+50) = 16,  24 + 16 = 40,   60//20  =  15 
 Req = 80+(15+25)40 = 80+20 = 100 Ý 
 
 i = 20/100 = 0.2 A 
 

If i1 is the current through the 24- resistor and io is the current through the 50- 
resistor, using current division gives 

 
 i1 = [40/(40+40)]0.2 = 0.1 and io = [20/(20+80)]0.1 = 0.02 A or 
 

vo = 30io = 30x0.02 = 600 mV. 
 



Chapter 2, Solution 37 
 
 
Applying KVL, 
 -20 + 10 +  10I – 30 = 0,    I = 4 
 

10
10 2.5 RI R

I
      

 



Chapter 2, Solution 38 
 

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

 
 
 
 
 
 
 
 
 
 

 
 

 (4 + 16)//60 = 20x60/80  = 15 
 

Req = 2.5+15||15 = 2.5+7.5 = 10 Ý and 
 

io = 35/10 = 3.5 A. 
 

 
 

2.5  4  

60  

15  16  

Req 



Chapter 2, Solution 39 
 
(a)   We note that the top 2k-ohm resistor is actually in parallel with the first 1k-ohm 
resistor.  This can be replaced (2/3)k-ohm resistor.  This is now in series with the second 
2k-ohm resistor which produces a 2.667k-ohm resistor which is now in parallel with the 
second 1k-ohm resistor.  This now leads to, 
 
 
 

Req = [(1x2.667)/3.667]k = 727.3 ɋ. 
 

 
(b)   We note that the two 12k-ohm resistors are in parallel producing a 6k-ohm resistor.  
This is in series with the 6k-ohm resistor which results in a 12k-ohm resistor which is in 
parallel with the 4k-ohm resistor producing, 
 

Req = [(4x12)/16]k = 3 kɋ. 
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Req =  28)362(48 10  

  I = 
10

15

R

15

eq

 1.5 A 

 



Chapter 2, Solution 41 
 

Let R0 = combination of three 12 resistors in parallel 
   

  
12

1

12

1

12

1

R

1

o

                 Ro = 4 

 
  )R14(6030)RR10(6030R 0eq   

 

  
R74

)R14(60
3050               74 + R = 42 + 3R 






 
  or R = 16  
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 (a)     Rab = 
25

20x5
)128(5)30208(5  4  

 

 (b)     Rab =  8181.122857.2544241058)35(42  5.818  
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 (a)     Rab =  84
50

400

25

20x5
4010205  12  

 

(b) 302060  





 



10
6

60

30

1

20

1

60

1
1

 

 

Rab = )1010(80  



100

2080
 16  

 



Chapter 2, Solution 44  
 

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

 
 
 5  20  

a  
 

2  3  
 

b  
 
 
Figure 2.108 
For Prob. 2.44 
 

Solution 
 

First we note that the 5 Ý and 20 Ý resistors are in parallel and can be replaced by 
a 4 Ý [(5x20)/(5+20)] resistor which in now in series with the 2 Ý resistor and 
can be replaced by a 6 Ý resistor in parallel with the 3 Ý resistor thus, 
 

Rab = [(6x3)/(6+3)] = 2 Ý. 
 
 



Chapter 2, Solution 45   
 
 

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

Rab    5 50 4 8 59 8. .   
 
 
(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, 
 

Rab    5 12 8 15 32 5. .   
 
 
 
 
 
 
 
 
 
 



Chapter 2, Solution 46 
 

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

 
I  = 80/32  = 2.5 A 
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 205   4
25

20x5
 

 

  6 3   2
9

3x6
 

 
 

10  8 
a b 

 
 

2  4  
 
 
 
 
  Rab = 10 + 4 + 2 + 8 = 24  
 



Chapter 2, Solution 48 
 

 (a) Ra = 30
10

100100100

R

RRRRRR

3

133221 





 

   Ra = Rb = Rc = 30  
 

(b) 


 3.103
30

3100

30

50x2050x3020x30
R a  

,155
20

3100
R b    62

50

3100
R c  

Ra =  103.3 , Rb = 155 , Rc = 62  
 

 



Chapter 2, Solution 49 
 

 (a) R1 = 


4
36

12*12

RRR

RR

cba

ca  

 
R1 = R2 = R3 = 4  

 
 
 

(b) 


 18
103060

30x60
R1  

 6
100

10x60
R 2  

 3
100

10x30
R 3  

 
R1 = 18, R2 = 6, R3 = 3 









 
R = 9||6.188+8.25||2 = 3.667+1.6098 = 5.277 
 
Req = 3+3+8.25||5.277 = 9.218 Ý. 

 





Chapter 2, Solution 54 
 

(a)  Rab       50 100 150 100 150 50 100 400 130/ /( ) / /   
 
(b)  Rab       60 100 150 100 150 60 100 400 140/ /( ) / /   

 
 









 )145964.0()368.7977.3(829.14R eq   

         5964.14346.11829.5  12.21  

 i = 20/(Req) = 1.64 A 
  
 





Chapter 2, Solution 59 
 

Three light bulbs are connected in series to a 120-V source as shown in Fig. 
2.123.  Find the current I through each of the bulbs.  Each bulb is rated at 120 
volts.  How much power is each bulb absorbing?  Do they generate much light? 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.123 
For Prob. 2.59. 
 

Solution 
 

Using p = v2/R, we can calculate the resistance of each bulb. 
 
R30W = (120)2/30 = 14,400/30 = 480 Ý 
 
R40W = (120)2/40 = 14,400/40 = 360 Ý 
 
R50W = (120)2/50 = 14,400/50 = 288 Ý 
 
The total resistance of the three bulbs in series is 480+360+288 = 1128 Ý. 
 
The current flowing through each bulb is 120/1128 = 0.10638 A. 
 
p30 = (0.10638)2480 = 0.011317x480 = 5.432 W. 
 
p40 = (0.10638)2360 = 0.011317x360 = 4.074 W. 
 
p50 = (0.10638)2288 = 0.011317x288 = 3.259 W. 
 
Clearly these values are well below the rated powers of each light bulb so we 
would not expect very much light from any of them.  To work properly, they need 
to be connected in parallel. 

 
 



Chapter 2, Solution 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 = v2/R, we can calculate the resistance of each bulb. 
 
R30W = (120)2/30 = 14,400/30 = 480 Ý 
 
R40W = (120)2/40 = 14,400/40 = 360 Ý 
 
R50W = (120)2/50 = 14,400/50 = 288 Ý 
 
The current flowing through each bulb is 120/R. 
 
i30 = 120/480 = 250 mA. 
 
i40 = 120/360 = 333.3 mA. 
 
i30 = 120/288 = 416.7 mA. 
 
Unlike the light bulbs in 2.59, the lights will glow brightly! 

 
 



Chapter 2, Solution 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 R2: 
R =  35.429080RR 21  

p = i2R = 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 =  44.4410080RR 31  

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

(c) Use R2 and R3: 
R =  37.4710090RR 32  

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 
 
 



Chapter 2, Solution 62 
 

 pA = 110x8 = 880 W,      pB = 110x2 = 220 W 
 
Energy cost = $0.06 x 365 x10 x (880 + 220)/1000 = $240.90 
 

 
 
 
 



Chapter 2, Solution 63 
 

  Use eq. (2.61), 
 

  Rn = 



 



04.0
10x25

100x10x2
R

II

I
3

3

m
m

m  

  In = I - Im = 4.998 A 
  p =  9992.0)04.0()998.4(RI 22

n   1 W 
 
 



Chapter 2, Solution 64 
 

  When Rx = 0, A10ix       R = 11
10

110  

  When Rx is maximum, ix = 1A     110
1

110
RR  x

  i.e., Rx = 110 - R = 99  
 Thus, R =  11 ,  Rx =   99  
   
 



Chapter 2, Solution 65 
 

  k1
mA10

50
R

I

V
R m

fs

fs
n  4 k 

 
 



Chapter 2, Solution 66 
 

 20 k/V = sensitivity = 
fsI

1
 

  i.e., Ifs = A50V/k
20

1
  

The intended resistance Rm =  k200)V/k20(10
I

V

fs

fs  

(a) 


 k200
A50

V50
R

i

V
R m

fs

fs
n  800 k 

(b) p =   2 mW  )k800()A50(RI 2
n

2
fs

 
 



Chapter 2, Solution 67 
 

 (a) By current division, 
 
   i0 = 5/(5 + 5) (2 mA) = 1 mA 
   V0 = (4 k) i0 = 4 x 103 x 10-3 = 4 V 
 

(b) .k4.2k6k4   By current division, 

mA19.1)mA2(
54.21

5
i '

0 


  

 )mA19.1)(k4.2(v'
0  2.857 V 

 

(c) % error = 
0

'
00

v

vv 
 x 100% = 100x

4

143.1
28.57% 

(d) .k6.3k36k4   By current division, 

mA042.1)mA2(
56.31

5
i '

0 


  

V75.3)mA042.1)(k6.3(v'
0   

% error = 


4

100x25.0
%100x

v

vv

0

'
0 6.25% 
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 (a)  602440  

   i = 
 2416

4
100 mA 

(b) 



24116

4
i '  97.56 mA 

(c) % error = 


%100x
1.0

09756.01.0
2.44% 

 
 





Chapter 2, Solution 70 
 
 

(a)  Using voltage division, 

 v Va  


12

12 8
25 15( )  

 v Vb  


10

10 15
25 10( )  

v v v Vab a b    15 10 5  
 
 
(b)                                                                   c 
 
 
    +            8k                           15k  
 25 V 
  –               a        b 
 
              12k                       10k  
 
            
   

  va = 0;   vac = –(8/(8+12))25 = –10V; vcb =   (15/(15+10))25 = 15V. 
 
  vab = vac + vcb = –10 + 15 = 5V. 
 
  vb = –vab = –5V. 
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Vs RL

R1

+
�

iL
 
 
 
 
 

 
Given that vs = 30 V, R1 = 20 , IL = 1 A,  find RL. 
 

 

v i R R R
v

i
Rs L L L

s

L

        ( )1 1
30

1
20 10  
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Converting the delta subnetwork into wye gives the circuit below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 1 1 1 1 4(1 ) //(1 ) ( ) 1 
3 3 3 3 2 3inZ          

  

 1(10) (10) 5 V
1 1 1

in
o

in

Z
V

Z
  
 

 

 
 

1 

ӎ 

1 ӎ 

ӎ Zin 1 + 
10 V _ 



Chapter 2, Solution 73 
 
  By the current division principle, the current through the ammeter will be 

one-half its previous value when 
 
 R = 20 + Rx 
 65 = 20 + Rx         Rx = 45  
 
 



Chapter 2, Solution 74 
 

  With the switch in high position, 
 
  6 = (0.01 + R3 + 0.02) x 5       R3 = 1.17  
 
  At the medium position, 
 
  6 = (0.01 + R2 + R3 + 0.02) x 3          R2 + R3 = 1.97 

 = 5.97 

 
  or R2 = 1.97 - 1.17 = 0.8  
 
  At the low position, 
    
  6 =  (0.01 + R1 + R2 + R3 + 0.02) x 1              R1 + R2 + R3

  R1 = 5.97 - 1.97 = 4  
 
 





 1

Chapter 2, Solution 76 
 
 
 Zab= 1 + 1 = 2  



Chapter 2, Solution 77 
 

 (a) 5  = 202020201010   

   i.e., four 20  resistors in parallel. 
 
  (b) 311.8 = 300 + 10 + 1.8 = 300 + 8.12020   

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

(c) 40k = 12k + 28k = )5656()2424( kkk   

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

 
(a) 42.32k = 42l + 320 

 = 24k + 28k = 320 
 = 24k = 20300k56k56   

i.e., A series combination of a 20 resistor, 300 resistor, 
24k resistor, and a parallel combination of two 56k 
resistors. 

 



Chapter 2, Solution 78 
 

  The equivalent circuit is shown below: 
 

R  
 
 + 
 
 
 
 

  V0 = SS V
2

1
V

R)1(R

R)1(








 

 





2

1

V

V

S

0  

 
 

-
+VS 

V0 

-
(1-)R 
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  Since p = v2/R, the resistance of the sharpener is  
  R = v2/(p) = 62/(240 x 10-3) = 150 
  I = p/(v) = 240 mW/(6V) = 40 mA 
 
  Since R and Rx are in series, I flows through both. 
 
  IRx = Vx = 9 - 6 = 3 V 
  Rx = 3/(I) = 3/(40 mA) = 3000/(40) = 75  
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 The amplifier can be modeled as a voltage source and the loudspeaker as a resistor: 
 
 
 
 
 
 
 
 

Hence ,
R

V
p

2

  
2

1

1

2

R

R

p

p
          )12(

4

10
p

R

R
p 1

2

1
2  30 W 

 
 

-
+V R1 

Case 1 

-
+V R2 

Case 2 



Chapter 2, Solution 81 
 
Let R1 and R2 be in k. 
 
  5RRR 21eq        (1) 

  
12

2

S

0

RR5

R5

V

V


     (2) 

 

From (1) and (2), 
40

R5
05.0 1     2 = 

2

2
2 R5

R5
R5


  or  R2 = 3.333 k 

From (1), 40 = R1 + 2    R1 = 38 k 
 
Thus, 
 

R1 = 38 k, R2 = 3.333 k 
 
 







Chapter 3, Solution 1 
 

Using Fig. 3.50, design a problem to help other students to better understand 
nodal analysis.   

R R1 2 
 
 
 
 
 
 
 
 

Figure 3.50 
For Prob. 3.1 and Prob. 3.39. 

 
Solution 
 

Given R1 = 4 kÝ, R2 = 2 kÝ, and R3 = 2 kÝ, determine the value of Ix using 
nodal analysis. 
 
Let the node voltage in the top middle of the circuit be designated as Vx. 
 
[(Vx–12)/4k] + [(Vx–0)/2k] + [(Vx–9)/2k] = 0 or (multiply this by 4 k) 
 
(1+2+2)Vx = 12+18 = 30 or Vx = 30/5 = 6 volts and 
 

Ix = 6/(2k) = 3 mA. 
 

12 V 

 
+ 
 

Ix 
 

+ 
9 V  R3



Chapter 3, Solution 2 
 
At node 1, 
 

  
2

vv
6

5

v

10

v 2111 



        60 = - 8v1 + 5v2  (1) 

 
At node 2, 

  
2

vv
63

4

v 212 
               36 = - 2v1 + 3v2  (2) 

 
Solving (1) and (2), 
    
  v1 = 0 V, v2 = 12 V 



Chapter 3, Solution 3 
 
 Applying KCL to the upper node, 
 

  
60

v
20

30

v

20

v

10

v
8 0oo0  = 0 or v0 = –60 V 

 

i1 =  
10

v0  –6 A , i2 = 
20

v0  –3 A, 

i3 = 
30

v0  –2 A, i4 = 
60

v0  1 A. 
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  Apply KCL to the top node. 
 

  
k4

v

k5

v20

k2

v30 000 





        v0 = 20 V 
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 0V2.0
20

0V

10

0V
2 x

xx 





  

 
 0.35Vx = 2  or  Vx = 5.714 V. 
 
Substituting into the original equation for a check we get, 

 
0.5714 + 0.2857 + 1.1428 = 1.9999 checks! 

 





Chapter 3, Solution 9 
 
Let V1 be the unknown node voltage to the right of the 250-ɋ resistor.  Let the ground 
reference be placed at the bottom of the 50-ɋ resistor.  This leads to the following nodal 
equation: 
 

  
0I300V5V1572V3

getwegsimplifyin

0
150

0I60V
50

0V
250

24V

b111

b111












 

  

But  
250

V24
I 1
b


 .  Substituting this into the nodal equation leads to 

 
    or V08.100V2.24 1  1 = 4.165 V. 
 
Thus,  Ib = (24 – 4.165)/250 = 79.34 mA. 
 
 



Chapter 3, Solution 10 
  

v1 v2 v3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
At node 1. [(v1–0)/8] + [(v1–v3)/1] + 4 = 0 
 
At node 2. –4 + [(v2–0)/2] + 2io = 0 
 
At node 3. –2io + [(v3–0)/4] + [(v3–v1)/1] = 0 
 
Finally, we need a constraint equation, io = v1/8 
 
This produces, 

1.125v1 – v3 = 4      (1) 
 
0.25v1 + 0.5v2 = 4      (2) 
 
–1.25v1 + 1.25v3 = 0 or v1 = v3     (3) 

 
Substituting (3) into (1) we get (1.125–1)v1 = 4 or v1 = 4/0.125 = 32 volts.  This leads to, 
 

io = 32/8 = 4 amps. 
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Calculate v1 and v2 in the circuit of Fig. 3.62 using nodal analysis. 

 
 
 
 
 
 
 
 
 
 

10 V 

15 A 

Figure 3.62 
For Prob. 3.13. 

Solution 

At node number 2, [((v2 + 10) – 0)/10] + [(v2–0)/4] – 15 = 0  or  

(0.1+0.25)v2 = 0.35v2 = –1+15 = 14 or 

v2 = 40 volts. 

 

Next, I = [(v2 + 10) – 0]/10 = (40 + 10)/10 = 5 amps  and  

 

v1 = 8x5 = 40 volts. 

 





 
(1) + 3(2) = –4vo + 21vo = 700 + 150 or 17vo = 850 or 

 
vo = 50 V. 

hecking, we get v1 = (175+vo)/3 = 75 V.   

At node 1, 

75–100)/1] + [(75–50)/2] + 12.5 = –25 + 12.5 + 12.5 = 0! 
 

At node o,  

[(50–75)/2] + [(50–0)/4] + [(50+50)/8] – 12.5 = –12.5 + 12.5 + 12.5 – 12.5 = 0! 

 

4

 
C
 

 
[(
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At node 1, 
 

321
12131 4716

482
35 VVV

VVVVV






   (1) 

At node 2, 
 

321
32221 270

428
VVV

VVVVV






  (2) 

At node 3, 
 

321
32313 724360

428

12
3 VVV

VVVVV









   (3) 

From (1) to (3), 
 

BAV

V

V

V
























































36

0

16

724

271

417

3

2

1

 

Using MATLAB, 
 

V 267.12  V, 933.4  V, 10

267.12

933.4

10

321
1 
















  VVVBAV  
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At node 1,  
8

vv
3

4

v

2

v12 0110 



   24 = 7v1 - v2  (1) 

 

At node 2,  3 + 
1

v5v

8

vv 2221 



 

  
But, v1 = 12 - v1 
 
 
Hence,  24 + v1 - v2 = 8 (v2 + 60 + 5v1) = 4 V 
 
  456 = 41v1 - 9v2      (2) 
 
Solving (1) and (2), 
 
 v1 = - 10.91 V,  v2 = - 100.36 V 
 
 







    1.1250         0         0   -0.1250 
         0    0.7500   -0.2500         0 
         0   -0.2500    0.7500         0 
   -0.1250         0         0    1.1250 
 
>> I=[4,-4,-2,2]' 
 
I = 
 
     4 
    -4 
    -2 
     2 
 
>> V=inv(Y)*I 
 
V = 
 
    3.8000 
   -7.0000 
   -5.0000 
    2.2000 
 
 
Vo = V1 – V4 = 3.8 – 2.2 = 1.6 V. 
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At node 1, 
 

321
21311 24745

510
3

20

15
VVV

VVVVV









   (1) 

At node 2, 

55

4

5
32221 VVVIVV o 







        (2) 

But  
10

31 VV
Io


 .  Hence, (2) becomes 

321 31570 VVV           (3) 

At node 3, 

321
32331 V11V6V3700

5

VV

15

V10

10

VV
3 








       (4) 

Putting (1), (3), and (4) in matrix form produces 
 

BAV

70

0

45

V

V

V

1163

3157

247

3

2

1






















































 

Using MATLAB leads to 

  


















 

89.2

78.2

19.7

BAV 1

Thus, 
  V1 = –7.19V; V2 = –2.78V; V3 = 2.89V. 
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At node 1, 

42121141 45025 VVVVVVVV    (1) 
At node 2, 

32132221 4700)(42 VVVVVVVV    (2) 

At node 3, 

4324332 546)(46 VVVVVVV     (3) 

At node 4, 

43144143 5232 VVVVVVVV     (4) 

In matrix form, (1) to (4) become 

  BAV

V

V

V

V

































































2

6

0

5

5101

1540

0471

1014

4

3

2

1

Using MATLAB, 
 



















 

7076.0

309.2

209.1

7708.0

1BAV  

i.e. 
V 7076.0  V, 309.2  V, 209.1  V, 7708.0 4321  VVVV  

 
 
 





















Z = 
 
     7     0    -1 
    -2     6     6 
     0    -1     0 
>> V=[–27.5,50,10]' 
 
V = 
   –27.5 
    50 
    10 
>> I=inv(Z)*V 
 
I = 
   –1.3750 
   –10.0000 
    17.8750 

 
 Io = I1 – I2 = –5 – 1.375 = –6.375 A. 
 
Check using the super mesh (equation (3)):   
 

–2I2 + 6 I3 + 6I4 = 2.75 – 60 + 107.25 = 50! 
 









38

210

872

316

3 




  

 

At node 0, i + i2 = i3 or i = i3 – i2 = 
234

2403823








=  1.188 A 
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Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition.  
 
Problem 

 
Determine the mesh currents in the circuit of Fig. 3.88. 

 

 
 
Figure 3.88 
 

Solution 
 
For mesh 1, 
     (1) 2121 3050120305012 IIII 
For mesh 2, 
  (2) 321312 40100308040301008 IIIIII 
For mesh 3, 
     (3) 3223 50406040506 IIII 
Putting eqs. (1) to (3) in matrix form, we get 
 

BAI

I

I

I























































6

8

12

50400

4010030

03050

3

2

1

 

Using Matlab, 
 

 

 















 

44.0

40.0

48.0
1BAI

 
i.e.   I1 = 480 mA,  I2 = 400 mA,  I3 = 440 mA 
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For loop 1, 

12811081112)(8312 2121211  iiiiiii   (1) 
For loop 2, 

0214826)(8 21212  oo viiviii  

But  , 13ivo 

21121 706148 iiiii        (2) 
Substituting (2) into (1), 

1739.012877 222  iii A and  217.17 21  ii  A   

 
 
 
 








 111 420
4

20
IV

V
I 10 V 

 
 )(2 212 IIV 4.933 V 

 
Also, 




 23
3

2 812
8

12
IV

V
I   12.267 V. 
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Applying mesh analysis leads to; 

–12 + 4kI1 – 3kI2 – 1kI3 = 0            (1) 

–3kI1 + 7kI2 – 4kI4 = 0 
–3kI1 + 7kI2 = –12             (2) 

–1kI1 + 15kI3 – 8kI4  – 6kI5 = 0 
–1kI1 + 15kI3 – 6k =  –24   (3) 
   I4 =  –3mA    (4) 
–6kI3 – 8kI4 + 16kI5 = 0 
–6kI3 + 16kI5 = –24    (5) 

Putting these in matrix form (having substituted I4 = 3mA in the above), 
 



































































24

24

12

12

I

I

I

I

k

16600

61501

0073

0134

5

3

2

1

 

 
ZI = V 

 
Using MATLAB, 
 
 

>> Z = [4,-3,-1,0;-3,7,0,0;-1,0,15,-6;0,0,-6,16] 
 
Z = 
 
     4    -3    -1     0 
    -3     7     0     0 
    -1     0    15    -6 
     0     0    -6    16 
 
>> V = [12,-12,-24,-24]' 
 
V = 
 
    12 
   -12 
   -24 
   -24 
 

We obtain, 
 

>> I = inv(Z)*V 
 



I = 
1.6196 mA 
–1.0202 mA 
–2.461 mA 

3 mA 
–2.423 mA 
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Let the mesh currents be in mA.  For mesh 1, 

2121 22021012 IIII      (1) 
For mesh 2, 

     (2) 321312 3100310 IIIIII 
For mesh 3, 

3223 2120212 IIII      (3) 

Putting (1) to (3) in matrix form leads to 
 
 

BAI

I

I

I























































12

10

2

210

131

012

3

2

1

 

Using MATLAB, 
 

mA 25.10,mA 5.8  ,mA 25.5

25.10

5.8

25.5

321
1 
















  IIIBAI  

 
I1 = 5.25 mA, I2 = 8.5 mA, and I3 = 10.25 mA. 
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Assume R is in kilo-ohms. 
V306090V90V,V60mA15xk4V 212   

Current through R is 

R)15(
R3

3
30RiVi

R3

3
i R1,oR 




  

This leads to   R = 90/15 = 6 kÝ. 
 
 
 
 
 



















     0 
     9 
     6 
    10 
 
>> I=inv(Z)*V 
 
I = 
 
    2.1701 
    1.9912 
    1.8119 
    2.0942 
    2.2489 
 
Thus, 
 I  = [2.17, 1.9912, 1.8119, 2.094, 2.249] A. 
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The mesh equations are obtained as follows. 
 

      1 2 3 412 24 30 4 6 2 0I I I I  

or  
30I1 – 4I2 – 6I3 – 2I4 = –12   (1) 

      1 2 4 524 40 4 30 2 6 0I I I I  

or 
–4I1 + 30I2 – 2I4 – 6I5 = –16   (2)   
 
–6I1 + 18I3 – 4I4 = 30    (3) 
 
–2I1 – 2I2 – 4I3 + 12I4 –4I5 = 0   (4) 
 
–6I2 – 4I4 + 18I5 = –32    (5) 
 
 

Putting (1) to (5) in matrix form 
 




























































32

0

30

16

12

I

184060

412422

041806

620304

026430

 

 
 

ZI = V 
 
 
Using MATLAB, 
 

>> Z = [30,-4,-6,-2,0; 
-4,30,0,-2,-6; 
-6,0,18,-4,0; 
-2,-2,-4,12,-4; 
0,-6,0,-4,18] 

 
Z = 
 
    30    -4    -6    -2     0 
    -4    30     0    -2    -6 
    -6     0    18    -4     0 
    -2    -2    -4    12    -4 



     0    -6     0    -4    18 
 
>> V = [-12,-16,30,0,-32]' 
 
V = 
 
   -12 
   -16 
    30 
     0 
   -32 

 
>> I = inv(Z)*V 
 
I = 

 
-0.2779 A 
-1.0488 A 
1.4682 A 
-0.4761 A 
-2.2332 A 

 
 





   







































15

0

5

V

5.05.00

5.095.025.0

325.335.0

 
 
Now we can use MATLAB to solve for V. 
 

 
>> Y=[0.35,-3.25,3;-0.25,0.95,-0.5;0,-0.5,0.5] 
 
Y = 
 
    0.3500   -3.2500    3.0000 
   -0.2500    0.9500   -0.5000 
         0   -0.5000    0.5000 
 
>> I=[–5,0,15]' 
 
I = 
 
    –5 
     0 
     15 
 
>> V=inv(Y)*I 
 
V = 
 
–410.5262 
–194.7368 
–164.7368 
 
 
Vo = V2 – V3 = –77.89 + 65.89 = –30 V. 
 
 

Let us now do a quick check at node 1. 
 
  –3(–30) + 0.1(–410.5) + 0.25(–410.5+194.74) + 5 = 

90–41.05–102.62+48.68+5 = 0.01; essentially zero considering the 
accuracy we are using.  The answer checks. 

 





 
 

































04.2

7

25/243

34
V

19.01.0

1.0125.0
 

 
Using MATLAB, we get, 
 

>> Y=[0.125,-0.1;-0.1,0.19] 
 
Y = 
 
    0.1250   -0.1000 
   -0.1000    0.1900 
 
>> I=[7,-2.04]' 
 
I = 
 
    7.0000 
   -2.0400 
 
>> V=inv(Y)*I 
 
V = 
 
   81.8909 
   32.3636 

Thus, Vo = 32.36 V. 
We can perform a simple check at node Vo, 
 
  3 + 0.1(32.36–81.89) + 0.05(32.36) + 0.04(32.36–24) = 
  3 – 4.953 + 1.618 + 0.3344 = – 0.0004; answer checks! 
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Assume that all conductances are in mS, all currents are in mA, and all voltages are in 
volts. 
 
 G11 = (1/2) + (1/4) + (1/1) = 1.75,  G22 = (1/4) + (1/4) + (1/2) = 1, 
 G33 = (1/1) + (1/4) = 1.25,  G12 = -1/4 = -0.25,  G13 = -1/1 = -1, 
 G21 = -0.25,  G23 = -1/4 = -0.25,  G31 = -1,  G32 = -0.25 
 
 i1 = 20,  i2 = 5, and i3 = 10 – 5 = 5 
 
The node-voltage equations are: 
 





















































5

5

20

25.125.01

25.0125.0

125.075.1

3

2

1

v
v
v

 

 
 
 
 



Chapter 3, Solution 70 
 
 




















7I4

20I4
V

50

03

x

x  

 
With two equations and three unknowns, we need a constraint equation, 

 
Ix = 2V1, thus the matrix equation becomes, 
 



















7

20
V

58

05
 

 
This results in V1 = 20/(–5) = –4 V  and  
V2 = [–8(–4) – 7]/5 = [32 – 7]/5  = 5 V. 
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




































0

15

30

I

915

174

549

 

 
 We can now use MATLAB solve for our currents. 
 
 

>> R=[9,–4,–5;–4,7,–1;–5,–1,9] 
 
R = 
 
     9    –4    –5 
    –4     7    –1 
    –5    –1     9 
 
>> V=[30,–15,0]' 
 
V = 
 
    30 
    –15 
     0 
 
>> I=inv(R)*V 
 
I = 
 
    6.255 A 
    1.9599 A 
    3.694 A 
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R11 = 5 + 2 = 7,  R22 = 2 + 4 = 6,  R33 = 1 + 4 = 5,  R44 = 1 + 4 = 5, 
R12 = -2,  R13 = 0 = R14,  R21 = -2,  R23 = -4,  R24 = 0,  R31 = 0, 

  

 

R32 = -4,  R34 = -1,  R41 = 0 = R42,  R43 = -1, we note that Rij = Rji for
all i not equal to j. 
 
v1 = 8,  v2 = 4,  v3 = -10,  and  v4 = -4 

 
Hence the mesh-current equations are: 
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R11 = 2 + 3 +4 = 9,  R22 = 3 + 5 = 8,  R33 = 1+1 + 4 = 6,  R44 = 1 + 1 = 2,   
 

 

R12 = -3,  R13 = -4,  R14 = 0,  R23 = 0,  R24 = 0,  R34 = -1
 
v1 = 6,  v2 = 4,  v3 = 2,  and  v4 = -3

 
Hence, 
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R11 = R1 + R4 + R6,  R22 = R2 + R4 + R5,  R33 = R6 + R7 + R8, 
, R44 = R3 + R5 + R8,  R12 = -R4,  R13 = -R6,  R14 = 0,  R23 = 0

R24 = -R5,  R34 = -R8,  again, we note that Rij = Rji for all i not equal to j.  
 
 

 

 The input voltage vector is =  
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* Schematics Netlist * 
 
R_R4         $N_0002 $N_0001  30   
R_R2         $N_0001 $N_0003  10   
R_R1         $N_0005 $N_0004  30   
R_R3         $N_0003 $N_0004  10   
R_R5         $N_0006 $N_0004  30   
V_V4         $N_0003 0 120V 
v_V3         $N_0005 $N_0001 0 
v_V2         0 $N_0006 0 
v_V1         0 $N_0002 0 

i3

i2i1

 
Clearly, i1 = –3 amps,  i2 = 0 amps, and i3 = 3 amps, which agrees with the answers in 
Problem 3.44. 
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* Schematics Netlist * 
 
I_I2         0 $N_0001 DC 4A   
R_R1         $N_0002 $N_0001  0.25   
R_R3         $N_0003 $N_0001  1   
R_R2         $N_0002 $N_0003  1   
F_F1         $N_0002 $N_0001 VF_F1 3 
VF_F1        $N_0003 $N_0004 0V 
R_R4         0 $N_0002  0.5   
R_R6         0 $N_0001  0.5   
I_I1         0 $N_0002 DC 2A   
R_R5         0 $N_0004  0.25   
 

 
 
Clearly,  v1 = 625 mVolts,  v2 = 375 mVolts,  and  v3 = 1.625 volts,  which agrees with 
the solution obtained in Problem 3.27. 
 



 1
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As a check we can write the nodal equations, 
 






















2

5
V

2.12.1

2.07.1
 

 
Solving this leads to V1 = 3.111 V and V2 = 1.4444 V.  The answer checks! 
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The schematic is shown below.  When the circuit is saved and simulated the node 
voltages are displayed on the pseudocomponents as shown.  Thus, 
 

 ,V15 V,5.4    V,3 321  VVV  

 

.  
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The schematic is shown below.  When the circuit is saved and simulated, we obtain the 
node voltages as displayed.  Thus, 
 

Va = –10.556 volts; Vb = 20.56 volts; Vc = 1.3889 volts; and Vd = –43.75 volts. 
 
 

R1

20

R2

8

R3
10

R4
5

R5
4

R6
4 R7

16
R8
8

V1
90VdcV2

60Vdc

20.56 V 

1.3889 V 

–43.75 V 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

–10.556 V  
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* Schematics Netlist * 
 
H_H1         $N_0002 $N_0003 VH_H1 6 
VH_H1        0 $N_0001 0V 
I_I1         $N_0004 $N_0005 DC 8A   
V_V1         $N_0002 0 20V 
R_R4         0 $N_0003  4   
R_R1         $N_0005 $N_0003  10   
R_R2         $N_0003 $N_0002  12   
R_R5         0 $N_0004  1   
R_R3         $N_0004 $N_0001  2   
 
 

 
Clearly,  v1 = 84 volts,  v2 = 4 volts,  v3 = 20 volts,  and  v4 = -5.333 volts 
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Clearly, v1 = 26.67 volts,  v2 = 6.667 volts,  v3 = 173.33 volts,  and  v4 = –46.67 volts 
which agrees with the results of Example 3.4. 
 
 
This is the netlist for this circuit. 
 
* Schematics Netlist * 
 
R_R1         0 $N_0001  2   
R_R2         $N_0003 $N_0002  6   
R_R3         0 $N_0002  4   
R_R4         0 $N_0004  1   
R_R5         $N_0001 $N_0004  3   
I_I1         0 $N_0003 DC 10A   
V_V1         $N_0001 $N_0003 20V 
E_E1         $N_0002 $N_0004 $N_0001 $N_0004 3 
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This network corresponds to the Netlist. This network corresponds to the Netlist. 
  

+   v0   – +   v

4 4 

3 k3 k

0   – 

 

2 k 

4 k 8 k 

6 k 

2i0 

+

4A 

–
+100V 

2 30 3v
1 

0
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 The circuit is shown below. 
 

20  70   
 
 
 
 
 
 
 
 
 
 

When the circuit is saved and simulated, we obtain  v2 = –12.5 volts 

0

2 A 30  
–
+

1 2 3 

20 V 50  
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  From the output loop,  v0 = 50i0x20x103 = 106i0  (1) 
 
  From the input loop,  15x10-3 + 4000i0 – v0/100 = 0 (2) 
 
  From (1) and (2) we get,  i0 = 2.5 A  and  v0 = 2.5 volt. 
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The amplifier acts as a source. 
 
     Rs 

   
        + 
       Vs           RL 

              - 
 
 
 
For maximum power transfer, 
 
   9sL RR  
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  Let v1 be the potential across the 2 k-ohm resistor with plus being on top.  Then, 
 

Since i = [(0.047–v1)/1k] 
[(v1–0.047)/1k] – 400[(0.047–v1)/1k] + [(v1–0)/2k] = 0 or  
 
401[(v1–0.047)]  + 0.5v1 = 0 or 401.5v1 = 401x0.047 or 
v1 = 0.04694 volts and i = (0.047–0.04694)/1k = 60 nA 
 

Thus, 
v0 = –5000x400x60x10-9 = –120 mV. 

 
 



Chapter 3, Solution 87 
 

v1 = 500(vs)/(500 + 2000) = vs/5 
 
v0 = -400(60v1)/(400 + 2000) = -40v1 = -40(vs/5) = -8vs, 
 
Therefore,  v0/vs = –8 
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 Let v1 be the potential at the top end of the 100-ohm resistor. 
 
   (vs – v1)/200 = v1/100 + (v1 – 10-3v0)/2000  (1) 
 
 For the right loop, v0 = -40i0(10,000) = -40(v1 – 10-3)10,000/2000, 
 
   or,  v0 = -200v1 + 0.2v0 = -4x10-3v0   (2) 
 
 Substituting (2) into (1) gives, (vs + 0.004v1)/2 = -0.004v0 + (-0.004v1 – 0.001v0)/20 

 
 
 This leads to 0.125v0 = 10vs  or  (v0/vs) = 10/0.125 = –80
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Consider the circuit below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For the left loop,  applying KVL gives 
  

–2.25 – 0.7 + 105IB + VBE = 0 but VBE = 0.7 V means 105IB = 2.25 or  

 

 
IB = 22.5 µA. 

 
 
For the right loop, –VCE + 15 – ICx103 = 0.  Addition ally, IC = ɓIB = 100x22.5x10–6 =
2.25 mA.  Therefore, 
 

VCE = 15–2.25x10–3x103 = 12.75 V. 

+ 
_ 

1 k 

+ _ 

2.25 V 

0.7 V 100 k 

C 15 V 
| | 

+ IC 

_ 
VCE 

E 
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For loop 1,  -vs + 10k(IB) + VBE + IE (500) = 0 = -vs + 0.7 + 10,000IB + 500(1 + )IB 

 
which leads to  vs + 0.7 = 10,000IB + 500(151)IB = 85,500IB 
 
But,  v0 = 500IE = 500x151IB = 4  which leads to  IB = 5.298x10-5 
 
  Therefore,  vs = 0.7 + 85,500IB = 5.23 volts 
 
 

+  
V0 
–

1 k 

500  
-
+ 

18V -
+  

vs i1 

i2I10 k B +  
VCE +  
–VBE 

–

IE 
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  We first determine the Thevenin equivalent for the input circuit. 

   RTh = 6||2 = 6x2/8 = 1.5 k and VTh = 2(3)/(2+6) = 0.75 volts 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For loop 1,  -0.75 + 1.5kIB + VBE + 400IE = 0 = -0.75 + 0.7 + 1500IB + 400(1 + )IB 

  

 
   IB = 0.05/81,900 = 0.61 A 
 
  v0 = 400IE = 400(1 + )IB = 49 mV 
 
For loop 2,  -400IE – VCE – 5kIC + 9 = 0, but, IC = IB  and  IE = (1 + )IB

 
  VCE = 9 – 5kIB – 400(1 + )IB = 9 – 0.659 = 8.641 volts 
 
 

+  
V0 
–

5 k 

400  
-
+ 

9 V -
+  

I

 i1 

i2

C 

I1.5 k B +  
VCE +  
–VBE 

–0.75 V 

IE 
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Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 
 
Problem 
Find IB and VC for the circuit in Fig. 3.128. Let  = 100, VBE = 0.7V. 

 

 
 
Figure 3.128 

 
Solution 
 
 

I 5 k 
 1

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  I1 = IB + IC = (1 + )IB  and  IE = IB + IC = I1  
 

+  
V0 
–

4 k 
-
+ 

12V 

10 k 

V

+  
VCE 
–

+  
VBE 

–

IB 

IE 

C 

IC 



 Applying KVL around the outer loop, 
 
  4kIE  + VBE + 10kIB + 5kI1 = 12 
 
  12 – 0.7 = 5k(1 + )IB + 10kIB + 4k(1 + )IB = 919kIB 
 
  IB = 11.3/919k = 12.296 A 
 
Also, 12 = 5kI1 + VC  which leads to  VC = 12 – 5k(101)IB = 5.791 volts 
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From (b),  -v1 + 2i – 3v0 + v2 = 0  which leads  to  i = (v1 + 3v0 – v2)/2 

2 

2 

 
At node 1 in (a),  ((24 – v1)/4) = (v1/2) + ((v1 +3v0 – v2)/2) + ((v1 – v2)/1), where v0 = v
 
  or  24 = 9v1  which leads to  v1 = 2.667 volts 
 
At node 2,  ((v1 – v2)/1) + ((v1 + 3v0 – v2)/2) = (v2/8) + v2/4,  v0 = v
 
  v2 = 4v1 = 10.66 volts 
 
Now we can solve for the currents,  i1 = v1/2 = 1.333 A,  i2 = 1.333 A, and 
 
     i3 = 2.6667 A. 
 

 

+  
v0 
–

i3v1 v2i 

(b) (a)

2  3v0 

+

–
+24V 

+

1  

3v4  0 

i i 2  1 i2 +  +  
2  8  v1 v2 4  

– –



Chapter 4, Solution 1. 
 

25 5  i
 
 
 
 
 
 
 
 

 20)1525(40 ,  i = [30/(5+20)] = 1.2 and io = i20/40 =  600 mA. 

 
Since the resistance remains the same we get can use linearity to find the new 
value of the voltage source = (30/0.6)5 = 250 V. 

 
 

30V 

 
+ 
 40 

io

15  



4.2  Using Fig. 4.70, design a problem to help other students better understand linearity. 
 
 
Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 
 
Problem 
 
Find vo in the circuit of Fig. 4.70. If the source current is reduced to 1 A, what is vo? 

 
 
 
 
 
 
 

 
 
 
Figure 4.70 

 
 
Solution 
 

,3)24(6    A
2

1
ii 21   

,
4

1
i

2

1
i 1o     oo i2v  0.5V 

5  4  
 
 
 
 
 
 
 
 
If is = 1A, then vo = 0.5V 
 
 

i1 io

6  2  

i2 

1 A 8  
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R  
 
 

3R 
 
 io 
 
 
 
 
 
 
 
 
 
(a) We transform the Y sub-circuit to the equivalent  . 
 

,R
4

3

R4

R3
R3R

2

  R
2

3
R

4

3
R

4

3
  

2

v
v s

o   independent of R 

io = vo/(R) 
 
When vs = 1V, vo = 0.5V, io = 0.5A 
 
(b) When vs = 10V, vo = 5V, io = 5A 
(c) When vs = 10V and R = 10,  

vo =  5V, io =  10/(10) =  500mA 
 

(b)

1 V 

 
+ 
 

3R 1.5R 

(a) 

Vs 

 
+ 
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3R 3R + 

vo 
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If Io = 1, the voltage across the 6 resistor is 6V so that the current through the 3 
resistor is 2A. 
 
 

2  2  
 
 
 
 
 
 
 
 
 

 263 , vo = 3(4) = 12V, .A3
4

v
i o

1   

Hence  Is = 3 + 3 = 6A 
 
If  Is = 6A  Io = 1 
 Is = 9A        Io = 9/6 = 1.5A 
 
 

2A 

3  4 6  Is

1A 3A 

(a) 

i1 

4  2  Is 

3A
+ 

v1 

 

(b) 
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2  3  v
 
 
 
 
 
 
 
 
 
 

If vo = 1V,  V21
3

1
V1 






  
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10
v
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2
2V 1s 
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If vs = 
3

10
          vo = 1 

Then vs = 15                vo = 15x
10

3
 4.5V 

 

1

Vs 

 
+ 
 6 

vo

6  6  
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Due to linearity, from the first experiment, 

  
1
3o sV V  

 
Applying this to other experiments, we obtain: 
 

 
                            Experiment  Vs  Vo 
 
 2  48  16 V 
                                     3                    1 V 0.333 V  
                                     4 -6 V -2V  
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If  Vo = 1V, then the current through the 2- and  4- resistors is  ½ = 0.5.  The voltage 
across the 3- resistor is ½ (4 + 2) = 3 V.  The total current through the 1- resistor is 
0.5 +3/3 = 1.5 A.  Hence the source voltage 
                        1 1.5 3 4.5 Vsv x
If    4.5 1sv V 

Then   
14 4 0.8889  V

4.5sv x    = 888.9 mV. 

 
 
 



 1

Chapter 4, Solution 8. 
 
Let  Vo = V1 + V2, where V1 and V2 are due to 9-V and 3-V sources respectively.  To 
find V1, consider the circuit below. 
 
 
 

V 1 

 
 
 
 
 
 
 
 
 
 
 

1 1 1
1

9 27/13 2.0769
3 9 1
V V V V
      

 
To find V2, consider the circuit below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 2 2
2

3 27/13 2.0769
9 3 1
V V V V
      

 
Vo = V1 + V2 = 4.1538  V 

 

3  3 V 9  

V1 

+ 
_ 

+ 
_ 

3  

9 V 

9  1  
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Given that I = 4 amps when Vs = 40 volts and Is = 4 amps and I = 1 amp when Vs = 20 volts and 
Is = 0, determine the value of I when Vs = 60 volts and Is = –2 amps. 

  
 
 
 
 
 
 
 
 
 
At first this appears to be a difficult problem.  However, if you take it one step at a time then it is 
not as hard as it seems.  The important thing to keep in mind is that it is linear! 
 
If I = 1 amp when Vs = 20 and Is = 0 then I = 2 amps when Vs = 40 volts and Is = 0 (linearity).  
This means that I is equal to 2 amps (4–2) when Is = 4 amps and Vs = 0 (superposition).  Thus, 
 

I = (60/20)1 + (–2/4)2 = 3–1 = 2 amps. 
 
 
 
 
 
  

VS 

 
+ 
 

IS I  
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Using Fig. 4.78, design a problem to help other students better understand superposition.  Note, 
the letter k is a gain you can specify to make the problem easier to solve but must not be zero. 
 
Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 
 
Problem 
 
For the circuit in Fig. 4.78, find the terminal voltage Vab using superposition. 

 

 
Figure 4.78 
For Prob. 4.10. 

 
Solution 
 
Let  vab  =  vab1 + vab2  where vab1 and vab2 are due to the 4-V and the 2-A sources respectively.  
 
 
 3v 3vab1 ab2

10  10  
 
 
 
 
 
 
 
 
 
For vab1, consider Fig. (a).  Applying KVL gives, 
 

- vab1 – 3 vab1 + 10x0 + 4  =  0,  which leads to vab1  =  1 V 
 
For vab2, consider Fig. (b).  Applying KVL gives, 
 

(a) 

+  

+ 

vab1 

 

4V 

 
+ 
 

(b) 

+  

+ 

vab2 2 A

 



–vab2 – 3vab2 + 10x2  =  0,  which leads to vab2  =  5 
 

vab  =  1 + 5  =  6 V 
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Let   vo = v1 + v2, where v1 and v2 are due to the 6-A and 80-V sources respectively.  To
find v

 
1, consider the circuit below. 

 
 
 
 
 
 
 
 
 
  vb 

 
 
 
 
 
 
 
 
 
 
At node a, 

 


    6 240
40 10

a a b
a

v v v v v5 4 b   (1) 

 
At node b, 
 –I1 – 4I1 + (vb – 0)/20 = 0 or vb = 100I1  
 

But    1 10
av vi 

 b

 

   which leads to 100(va–vb)10 = vb or vb = 0.9091va  (2) 

 
Substituting (2) into (1), 
 

5va – 3.636va = 240 or va = 175.95 and vb = 159.96
 
However, v1 = va – vb = 15.99 V. 
 
To find v2, consider the circuit below. 
 
 
 
 
 

40  6 A 

+ _ 

4 i1 

V1   

I 20  10  1 
va 



 
 

io  10  20  vc  
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      0 V  

 2
0 0 10

50 50 5
cvi  
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1

 

  2 210 2 Vv i 
 

vo = v1 + v2  =15.99 + 2 = 17.99 V and io = vo/10= 1.799 A. 
 
 

40  30 V 

+ _ 

4 io 

v2 
¤ £ 

– 
+ 



Chapter 4, Solution 12. 
 
Let  vo  =  vo1 + vo2 + vo3,  where vo1, vo2, and vo3 are due to the 2-A, 12-V, and 19-V sources
respectively.  For v

 
o1, consider the circuit below. 

 
 
 
 
 
 
 
 
 
 
 

6||3  =  2 ohms,  4||12  =  3 ohms.  Hence, 
 

io  =  2/2  =  1, vo1  =  5io  =  5 V 
 
For vo2, consider the circuit below. 
 
 
 
 
 
 
 
 
 

3||8  =  24/11,  v1  =  [(24/11)/(6 + 24/11)]12  =  16/5 
 

vo2  =  (5/8)v1  =  (5/8)(16/5)  =  2 V 
 
For vo3, consider the circuit shown below. 
 
 
 
 
 
 
 
 
 

7||12  =  (84/19) ohms,  v2  =  [(84/19)/(4 + 84/19)]19  =  9.975 
 

v  =  (-5/7)v2  =  -7.125 
 

vo  =  5 + 2 – 7.125  =  -125 mV 

2A 2A 

+  vo1   

5  

12   6  

4 

  3  

io 
5 

+  v    o1

5 

6  5  4  6  5  

3  12V 

 
+ 
 

  12 
+  vo2   +  

12V 

 
+ 
 

v1  



3  

+  v    o2

  3 

4  5  5  4 

3    12   

+  vo3   

  6 19V 

 
+ 
 19V 

 
+ 
 

+   

v2  



12 
+  vo3   

2



Chapter 4, Solution 13. 
 
Let   ,  where  v1 2ov v v v   3 1,  v2, and v3 are due to the independent sources.  To 

find v1, consider the circuit below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1
105 2 4.3478

10 8 5
v x x 

 
 

To find  v2, consider the circuit below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2
85 4 6.9565

8 10 5
v x x 

 
 

To find v3, consider the circuit below. 
 
 
 
 

10  

8  

+ 
5  2 A v1 

_ 

4 A 

8  

10  
5  

+ 

v2 

_ 



 
 
 

10  5  v

8  

+ 

+  – 

12 V 

 
 
 
 
 3 

 _ 
 
 
 
 
 
 

       
3

512 2.6087
5 10 8

v  

 

1 2 3 8.6956 Vov v v v     =8.696V. 

 
 
 



Chapter 4, Solution 14. 
 
Let  vo  = vo1 + vo2 + vo3,  where vo1, vo2 , and vo3, are due to the 20-V, 1-A, and 2-A sources 
respectively.  For vo1, consider the circuit below. 
 6  
 
 

4  2   
 
 
 
 
 
 

6||(4 + 2)  =  3 ohms, vo1  =  (½)20  =  10 V 
 
For vo2, consider the circuit below. 
 
 
 
 
 
 
 
 
 
 
 

3||6  =  2 ohms, vo2  =  [2/(4 + 2 + 2)]4  =  1 V 
 
For vo3, consider the circuit below. 
 
 
 
 
 
 
 
 
 
 
 
 
 

6||(4 + 2)  =  3, vo3  =  (-1)3  =  –3 
 
vo  =  10 + 1 – 3  =  8 V 

20V 

 
+ 
 

+   

vo1  3 



6  6 

1A   

+   

vo2  



3  

4  2  
4V   

4  2 
 + 

+   

vo2  



3  

6  

2A 

+   

vo3  



4  2  

2A 

3 

  vo3  + 

3 3 



Chapter 4, Solution 15. 
 
Let  i  =  i1 + i2 + i3,  where i1 , i2 , and i3 are due to the 20-V, 2-A, and 16-V sources.  
For i1, consider the circuit below. 
 

i o

 
 
 
 
 
 
 
 
 
 

4||(3 + 1)  =  2 ohms,  Then  io  =  [20/(2 + 2)]  =  5 A,  i1  =  io/2  =  2.5 A 
 
For i3, consider the circuit below. 
 
 
 
 
 
 
 
 
 
 

2||(1 + 3)  =  4/3,  vo’  =  [(4/3)/((4/3) + 4)](-16)  =  -4 
 

i3  =  vo’/4  =  -1 
 
For i2, consider the circuit below. 
 
 
 
 
 
 
 
 
 
 
 
 
 

2||4  =  4/3,  3 + 4/3  =  13/3 

20V 

 
+ 

1  
i

2  

1

 3

 4

16V 

 
 
+ 

+ 
 41  

2  iv ’ 3
o

  3



2  

 4

2A 1  

i2 

  3

2A 1  
(4/3)

i2 

  3  



 
Using the current division principle. 
 

i2  =  [1/(1 + 13/2)]2  =  3/8  =  0.375 
 

i  =  2.5 + 0.375  - 1  =  1.875 A 
 

p  =  i2R  =  (1.875)23  =  10.55 watts 
 



Chapter 4, Solution 16. 
 
Let io  =  io1 + io2 + io3,  where io1, io2, and io3 are due to  
the 12-V, 4-A, and 2-A sources.  For io1, consider the circuit below. 
 
 3  2 4 i
 
 
 
 
 
 

10||(3 + 2 + 5)  =  5 ohms,  io1  =  12/(5 + 4)  =  (12/9) A 
 
For io2, consider the circuit below. 
 
 
 
 
 
 
 
 
 

2 + 5 + 4||10  =  7 + 40/14  =  69/7 
i1  =  [3/(3 + 69/7)]4  =  84/90,  io2  =[-10/(4 + 10)]i1  =  -6/9 

 
For io3, consider the circuit below. 
 
 
 
 
 
 
 
 

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

i2  =  [5/(5 + 55/7)]2  =  7/9,  io3  =  [-10/(10 + 4)]i2  =  -5/9 
 

io  =  (12/9) – (6/9) – (5/9)  =  1/9  =  111.11 mA 
 

12V 

o1 

 
+ 
 

10   5

io2 

4A

3  2 

  10    4  5 
i1

3  2 io3

4  5 10  2 A 

i2



Chapter 4, Solution 17. 
 
Let  vx  =  vx1 + vx2 + vx3,  where vx1,vx2, and vx3 are due to the 90-V, 6-A, and 40-V
sources.  For v

 

vx 4 

x1, consider the circuit below. 
 

30  10  20  
 
 
 
 
 
 
 
 
 

20||30  =  12 ohms,  60||30  =  20 ohms 
By using current division,  
 

io  =  [20/(22 +  20)]3  =  60/42,  vx1  =  10io  =  600/42  =  14.286 V 
 
For vx2, consider the circuit below. 
 
 
 
 
 
 
 
 
 

io’  =  [12/(12 + 30)]6  =  72/42,  vx2  =  –10io’  = –17.143 V 
 
For vx3, consider the circuit below. 
 
 
 
 
 
 
 
 

io”  =  [12/(12 + 30)]2  =  24/42,  vx3  =  -10io”  =  -5.714=  [12/(12 + 30)]2  =  24/42,  
3  =  -10io”  =  -5.71

=  [12/(12 + 30)]2  =  24/42,  vx3  =  -10io”  =  -5.714 
vx  =  14.286 – 17.143 – 5.714  =  -8.571 V 

90V 

 
+ 
 

60  

+             vx1 

  30  10  io 

3 A 

 
 
 

+             vx1 

20    12 

10  10  io’ 

12 20  6A 

+   vx2    +             

30  60  6A 

i ’ o

vx2 

30  20 

10  20  10  io

60  

+             vx3 

 30   30  40V 

+                v
+ 
 4A 

 
 

12 
x3

 20 



Chapter 4, Solution 18. 
 
Let     Vo = V1 + V2, where V1  and V2 are due to 10-V and 2-A sources respectively.  To
find V

 
1, we use the circuit below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

 
 
 -10 + 7i – 0.5V1 = 0 

But  V1 = 4i 
 `  110 7 2 5 2, 8 Vi i i i V     

10 V 

+ 

_ 

V1 

1  

0.5 V1 
2  

+ 
_ 

0.5 V1 

10 V 
_ 

V1 

2  1  

-  + 

+ 

i + 
4  _ 



To find V2, we use the circuit below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
- 4 + 7i – 0.5V2 =0 
But  V2 = 4i 

24 7 2 5 0.8, 4 3.2i i i i V i        

 
 Vo = V1 + V2 = 8 +3.2  =11.2 V 
 

2 A 

+ 

_ 

V2 

1  

0.5 V2 
2  

4  

0.5 V2 

4 V 
_ 

V2 

2  1  

-  + 

+ 

i + 
4  _ 



Chapter 4, Solution 19. 
 
Let vx = v1 + v2, where v1 and v2 are due to the 4-A and 6-A sources respectively. 

v

 

 
 ix v1 
 
 
 
 
 
 
 
 
 
 
To find v1, consider the circuit in Fig. (a). 
 

1/8 – 4 + (v1 – (–4ix))/2 = 0 or (0.125+0.5)v1 = 4 – 2ix or v1 = 6.4 – 3.2ix  
 
But, ix  =  (v1 – (–4ix))/2 or ix  =  –0.5v1.  Thus,
 

v1  =  6.4 + 3.2(0.5v1),  which leads to v1  =  –6.4/0.6 = –10.667 
 
 
To find v2, consider the circuit shown in Fig. (b). 
 

v2/8  –  6 + (v2 – (–4ix))/2 = 0 or v2 + 3.2ix = 9.6 
 
But  ix  =  –0.5v2.  Therefore, 
 

v2 + 3.2(–0.5v2) =  9.6  which leads to  v2  =  –16 
 
Hence,  vx  =  –10.667 – 16   =  –26.67V. 
 
Checking, 
 
  ix = –0.5vx = 13.333A 
 
Now all we need to do now is sum the currents flowing out of the top node. 
 
  13.333 – 6 – 4 + (–26.67)/8 = 3.333 – 3.333 = 0 

 + 

4 A 

4ix 

2  8

ix v2 

(a) 

 + 

6 A

4ix 

2  8  

+ + 

v1 v2 

  

(b) 



Chapter 4, Solution 20. 
 
Convert the voltage sources to current sources and obtain the circuit shown below. 
 
 
 
 
 
 
 
 
 
 
 
 

1 1 1 1 0.1 0.05 0.025 0.175 5.7143
10 20 40 eq

eq

R
R

          

 
Ieq = 3 + 0.6 + 0.4 = 4 
Thus, the circuit is reduced as shown below.  Please note, we that this is merely an 
exercise in combining sources and resistors.  The circuit we have is an equivalent circuit 
which has no real purpose other than to demonstrate source transformation.  In a practical 
situation, this would need some kind of reference and a use to an external circuit to be of 
real value.  
 
 
 
 
 
 
 
 
 
 
 

10  0.6 0.4 20  
3 A 40  

R  = 5.714 ɋ eq

5.714  

5.714  4 A 
+ 
_ 

18.285 V 



 
4.21  Using Fig. 4.89, design a problem to help other students to better understand source 
transformation. 
 
Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 
 
Problem 
 
Apply source transformation to determine vo and io in the circuit in Fig. 4.89. 

 

 
 
Figure 4.89 

 
 
 
 
 
 Solution 
 
To get io, transform the current sources as shown in Fig. (a). 
 
 3  6  
 
 
 
 
 
 
 
 
From Fig. (a),  -12 + 9io + 6  =  0,  therefore  io  =  666.7 mA 
 
To get vo, transform the voltage sources as shown in Fig. (b). 
 

i  =  [6/(3 + 6)](2 + 2)  =  8/3 
 

vo  =  3i  =  8 V 
 
 

12V 

 
+ 
 

io 

6V 

 
+ 
 

(a) 

2 A 6 

i + 

3  o v 2 A 

 

(b) 



Chapter 4, Solution 22. 
 
We transform the two sources to get the circuit shown in Fig. (a). 
 
 5  5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
We now transform only the voltage source to obtain the circuit in Fig. (b).   
 

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

10V 

 
 
+ 

4  10

(a) 

2A

i 

1A 
10

(b) 

2A10 4



Chapter 4, Solution 23 
 
If we transform the voltage source, we obtain the circuit below. 
 
 
 
    8    
 
 
 
          
               10    6    3    5A 
                   3A          
 
 
 
3//6 = 2-ohm.  Convert the current sources to voltages sources as shown below. 
 10   8       2   
 
 
 
                    +             + 
                             10V 
                 30V                        -                                      

- 
 
 
 
 
Applying KVL to the loop gives 

 0)2810(1030 I   I = 1 A 
 
   8 W  RIVIp 2

 
 
 
 
 



Chapter 4, Solution 24. 
 
Transform the two current sources in parallel with the resistors into their voltage source 
equivalents yield, 
 

a 30-V source in series with a 10-ɋ resistor and a 20Vx-V sources in 
series with a 10-ɋ resistor. 

 
We now have the following circuit, 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
We now write the following mesh equation and constraint equation which will lead to a 
solution for Vx, 
 

28I – 70 + 20Vx = 0 or 28I + 20Vx = 70, but Vx = 8I which leads to 
 
28I + 160I = 70 or I = 0.3723 A or Vx = 2.978 V. 

 
 
 
 

I 

8  10  

–  +
V – + x 

30 V 
+ 10  40 V _ 

+ 
20V – x 



Chapter 4, Solution 25. 
 
Transforming only the current source gives the circuit below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Applying KVL to the loop gives, 
 

–(4 + 9 + 5 + 2)i + 12 – 18 – 30 – 30  =  0 
 

20i  =  –66  which leads to  i  =  –3.3 
 

vo  =  2i  =  –6.6 V 

12V 

 
– 
+ 

 
+

18 V 9 
 + 

+  

i

2 

5 

30 V 4  

+            
 vo

30 V 



Chapter 4, Solution 26. 
 
Transforming the current sources gives the circuit below. 
 
 
 
 
 
 
 
 
 
 
 
 
 

–12 + 11io –15 +20 = 0 or 11io = 7 or io = 636.4 mA. 
 
 
 

+ 
_ 

io 

20 V 

15 V 
2  5  4  

–  + 

+ 
12 V _ 



Chapter 4, Solution 27. 
 
Transforming the voltage sources to current sources gives the circuit in Fig. (a).   
 

10||40  =  8 ohms 
 
Transforming the current sources to voltage sources yields the circuit in Fig. (b).  
Applying KVL to the loop, 
 
 
 

-40  +  (8 + 12 + 20)i + 200  =  0  leads to  i  =  -4 
 

vx  12i  =  -48 V 
 
 
 

12  
 

+  v      x

 10 40 20
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) 

8A 2A5A 

8  12  20 

40V 

  
+ 
 

(b) 

i 
200V 

+ 
 

+  v     x



Chapter 4, Solution 28. 
 
Convert the dependent current source to a dependent voltage source as shown below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Applying KVL, 
  8 (1 4 3)o oi V      0
But   4o oV i
 8 8 4 0 2 Ao o oi i i       

 
 

1  

+ 
_ 

4  

8 V 

i 3  o 

_ + Vo 

– 
V+ o 



Chapter 4, Solution 29. 
 
Transform the dependent voltage source to a current source as shown in Fig. (a).  2||4  =  
(4/3) k ohms 
 
 

4 k  
 
 

2 k  
 
 
 
 
 
 
 
 
 
 
 
 

It is clear that i  =  3 mA  which leads to vo  =  1000i  =  3 V 
 
If the use of source transformations was not required for this problem, the actual answer 
could have been determined by inspection right away since the only current that could 
have flowed through the 1 k ohm resistor is 3 mA. 
 

+ 

vo 

 

(a) 

1 k 

1.5vo 

2vo (4/3) k

3 mA 

 + 

i
+ 

(b) 

3 mA vo 

 

1 k 



Chapter 4, Solution 30 
 
Transform the dependent current source as shown below. 
 

 
        ix  24       60         10  

 
 
 
       +               + 
             12V              30              7ix  
                  -               - 
 
 
 
 
Combine the 60-ohm with the 10-ohm and transform the dependent source as shown 
below. 
 

        ix  24        
 
 
 
       + 
             12V              30        70           0.1ix  
                  - 
 
 
 
Combining 30-ohm and 70-ohm gives 30//70 = 70x30/100 = 21-ohm.  Transform the 
dependent current source as shown below. 

        ix  24       21          
 
 
 
       +               + 
             12V                             2.1ix  
                  -               - 
 
 
 
Applying KVL to the loop gives 
 

1.47

12
01.21245  xxx iii  = 254.8 mA. 



Chapter 4, Solution 31. 
 
Transform the dependent source so that we have the circuit in  
Fig. (a).  6||8  =  (24/7) ohms.  Transform the dependent source again to get the circuit in 
Fig. (b). 
 
 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
From Fig. (b), 
 

vx  =  3i,  or  i  =  vx/3. 
 
Applying KVL, 
 

-12 + (3 + 24/7)i + (24/21)vx  =  0 
 

12  =  [(21 + 24)/7]vx/3  +  (8/7)vx,  leads to  vx  =  84/23  =  3.652 V 
 
 
 

(a) 

6 

+               vx + vx/3 12V  
8 

3  (24/7) 

i

+               vx + + 
 

(b) 

(8/7)vx 12V  



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

5ix  
15  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In Fig. (b),  50||50  =  25 ohms.  Applying KVL in Fig. (c), 
 
-60  + 40ix – 2.5ix  =  0,  or  ix  =  1.6 A 

(a) 

40  60V 

 
+ 
 50 

10 
 + 

15 

ix 
 
+ 

(c) 

15 

2.5ix 60V 

 
+ 
 

25 ix 

60V 

 
+ 
 50  50  0.1ix 

(b) 



Chapter 4, Solution 33. 
 
Determine the Thevenin equivalent circuit as seen by the 5-ohm resistor.  Then calculate 
the current flowing through the 5-ohm resistor. 

10  
 

  
  

 
 
 
Solution 
 
Step 1.  We need to find Voc and Isc.  To do this, we will need two circuits, label 
the appropriate unknowns and solve for Voc, Isc, and then Req which is equal to Voc/Isc. 
 
 
 
 
 
 
 
 
 
 
 
 
Note, in the first case V1 = Voc and the nodal equation at 1 produces –4+(V1–0)/10 = 0.  
In the second case, Isc = (V2–0)/10 where the nodal equation at 2 produces,  
–4+[(V2–0)/10]+[(V2–0)/10] = 0. 
 
Step 2.  0.1V1 = 4 or V1 = 40 V = Voc = VThev.  Next, (0.1+0.1)V2 = 4 or 0.2V2 = 
4 or V2 = 20 V.  Thus, Isc = 20/10 = 2 A.  This leads to Req = 40/2 = 20 ɋ.  We can check 
our results by using source transformation.  The 4-amp current source in parallel with the 
10-ohm resistor can be replaced by a 40-volt voltage source in series with a 10-ohm 
resistor which in turn is in series with the other 10-ohm resistor yielding the same 
Thevenin equivalent circuit.  Once the 5-ohm resistor is connected to the Thevenin 
equivalent circuit, we now have 40 V across 25 ɋ producing a current of 1.6 A. 

+ 

Voc 

– 

10  5  4 A  

10  10  V2 V1 

10  4 A 

 
 
 

10  4 A 

 
 
 

Isc 



4.34  Using Fig. 4.102, design a problem that will help other students better understand Thevenin 
equivalent circuits. 
 
Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 
 
Problem 
 
Find the Thevenin equivalent at terminals a-b of the circuit in Fig. 4.102. 

 

 
 
Figure 4.102 

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

3 A 
 
 
 10  20 v1  
 
 
 
 
 
 
 
 
 

RTh  =  20 + 10||40  =  20 + 400/50  =  28 ohms 
 
To find VTh, consider the circuit in Fig. (b). 

(a) 

10  

40  

20  

RTh 40V 

 
+ 
 40  VTh 

+ 

v2 

(b) 



 
At node 1, (40 – v1)/10  =  3 + [(v1 – v2)/20] + v1/40,  40 = 7v1 – 2v2  (1) 
 
At node 2, 3 + (v1- v2)/20  =  0,  or  v1  =  v2 – 60     (2) 
 
Solving (1) and (2), v1  =  32 V,  v2  =  92 V,  and VTh  =  v2  =  92 V 
 



Chapter 4, Solution 35. 
 
To find RTh, consider the circuit in Fig. (a). 
 

RTh  =  Rab  =  6||3  + 12||4  =  2 + 3  =5 ohms 
 
To find VTh, consider the circuit shown in Fig. (b). 
 
 

RTh  
 a 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
At node 1, 2 + (12 –  v1)/6  =  v1/3,  or  v1  =  8 
 
At node 2, (19 – v2)/4  =  2 + v2/12,  or  v2  =  33/4 
 
But,  -v1 + VTh + v2  =  0,  or  VTh  =  v1 – v2  =  8 – 33/4  =  -0.25 
 
 
 
 
 

(a) 

3 6  12 

b 

4 

2 A

6  4 

(b) 

v1 v2 + VTh 

12V 

 
+ 
 

3  12

+ 

v1 

 

+  
+ 

v2 19V  
 



 
 
 
 
 
 
 
 
 
 
 
 

vo  =  VTh/2  =  -0.25/2  =  –125 mV 
 

+  

a +                
vo b 

10 

R  = 5 Th

 = (-VTh



Chapter 4, Solution 36. 
 
Remove the 30-V voltage source and the 20-ohm resistor. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
From Fig. (a),  RTh  =  10||40  =  8 ohms 
 
From Fig. (b),  VTh  =  (40/(10 + 40))50  =  40V 
 
 
 
 
 
 
 
 
 
 
 
 
 
The equivalent circuit of the original circuit is shown in Fig. (c).  Applying KVL, 
 

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

(a) 

10 

RTh 

40

b 

a 
50V 

 

a 
10 +

40
VTh + 

 

b 

(b) 

8  i 
a 

40V 

 
+ 
 

(c) 

12 

b 

 
+ 

30V  



Chapter 4, Solution 37 
 
RN is found from the circuit below. 

20  
           a 
 
 
                                                               40  
 12  
          
 
 
                                                                                                                                                                     b 

 )4020//(12NR 10 Ý. 

IN is found from the circuit below. 
 

      2A 
 

20  
           a 
 
 
         +                                                        40  
      120V 12  
         -                   IN 

 
                                                                                                                                                                     b 
 

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

 
 

20                  40        +  80 V  - 
            
 
 
         +                                                         
      120V IN 

         - 
 
 
                                                                                                                                                                      

Applying KVL to the loop yields 
    666.7 mA.  60/4006080120 NN II



Chapter 4, Solution 38 
 
We find Thevenin equivalent at the terminals of the 10-ohm resistor.  For RTh, consider 
the circuit below.                                          
                                                                                            1  

                                             4  
 
 
                                                                                  5                                
 
              RTh 

                                               16                                                                                                                                                          

                                                                                                     

                                                                                  
 
 
 
                           541)164//(51ThR       

For VTh, consider the circuit below.            
                                                                                            1  

                                V1         4             V2 

 
 
                                                                                  5                               + 
 
 
          3A                                 16                                                           VTh 

                                                                                                                          +     - 

                                                                                                                            12 V 
                                                                                 - 
 
At node 1, 

21
211 4548

416
3 VV

VVV



   (1) 

At node 2, 

21
221 95480

5

12

4
VV

VVV






  (2) 

Solving (1) and (2) leads to 
2.192 VVTh  



Thus, the given circuit can be replaced as shown below. 
 
                                               5  
 
 
                         +                                       + 
                   19.2V                                    Vo          10                 
                        -                                        - 
 
 
Using voltage division, 
 

)2.19(
510

10


oV  = 12.8 V. 



Chapter 4, Solution 39. 
 
We obtain RTh using the circuit below. 
 
 
 
 
 
 16 10  

 
 
 
 5  R10  Th 
 
 
 
 
 

RThev = 16 + (20||5) = 16 + (20x5)/(20+5) = 20 Ý 
 
To find VTh, we use the circuit below. 
 
 

3 A  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
At node 1, 

 1 1 2
1

24 3 54
10 10

V V V V V 
     22  (1) 

At node 2, 

1 2 2
13 60 2

10 5
V V V V V

     26    (2)  

 
 

5  
24  

16 
10 

VV1 2 

+ 
10  

+ 

+ VV Th 2 
_ 

_ 
_ 



Substracting (1) from (2) gives 
 
 6 = -5V2 or V2 = -1.2 V 
But 

-V2 + 16x3 + VThev = 0 or VThev = -(48 + 1.2) = –49.2 V  



Chapter 4, Solution 40. 
 
To obtain  VTh, we apply KVL to the loop. 
    70 (10 20) 4 0okI V    
But    10oV k I
   70  70 1kI I mA  

70 10 0 60 VTh ThkI V V       

To find RTh, we remove the 70-V source and apply a 1-V source at terminals a-b, as 
shown in the circuit below. 
 
 

I 1 

 
 
 
 
 1 V 
 
 
 
 
 
  
 
We notice that Vo = -1 V. 
     1 11 20 4 0 0.25 mAokI V I     

2 1
1 0.35 mA
10

VI I
k

    

2

1 1 2.857 k
0.35Th

VR k
I

      

 
 
 

b 

a 
¤ 

I ¡ 2 
– 20  

V 10 k o 
+ 

+ 4 V_ o 
+ – 



Chapter 4, Solution 41 
 
 
To find RTh, consider the circuit below 
 
                                                                                   14  
          a 
 
  
 
                                                           6                                5  
 
 
          b 
 

NTh RR  4)614//(5  

Applying source transformation to the 1-A current source, we obtain the circuit below. 
 
                                                  6          -  14V +        14       VTh 

          a 
 
                   +  
 
                   6V                                                                 3A          5  
 
                  - 
          b 
 

At node a, 

V 8
5

3
146

614





Th
ThTh V

VV
 

 

A 24/)8( 
Th

Th
N R

V
I  

Thus, 
 A2 V,8,4  NThNTh IVRR  

 
 
 



Chapter 4, Solution 42. 
 
To find RTh, consider the circuit in Fig. (a). 
 
 20  
 30 
 
 
 
 
 
 
 
 
 
 
20||20  =  10 ohms.  Transform the wye sub-network to a delta as shown in Fig. (b). 
10||30  =  7.5 ohms.  RTh  =  Rab  =  30||(7.5 + 7.5)  =  10 ohms. 
 
To find VTh, we transform the 20-V (to a current source in parallel with the 20 Ý resistor and 
then back into a voltage source in series with the parallel combination of the two 20 Ý resistors) 
and the 5-A sources.  We obtain the circuit shown in Fig. (c). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For loop 1, -30 + 50 + 30i1 – 10i2  =  0,  or  -2  =  3i1 – i2  (1) 

  (2) 

 

 
For loop 2,  -50 – 10 + 30i2 – 10i1  =  0,  or  6  =  -i1 + 3i2
 
Solving (1) and (2),  i1  =  0,  i2  =  2 A 
 
Applying KVL to the output loop,  -vab – 10i1 + 30 – 10i2  =  0,  vab  =  10 V
 

VTh  =  vab  =  10 volts 
 

10  

(b)

30 

10 

30  

a b 10  20  

10 

(a) 

10  

a b

10  

10 V 
10  

i1 i2

30V 

 
+ 
 

10  

 + a 
10 + 

b 

10 

10 
 

+ 
50V  

(c) 



Chapter 4, Solution 43. 
 
To find RTh, consider the circuit in Fig. (a). 
 
 

RTh  
 
 

a b 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RTh  =  10||10 + 5  =  10 ohms 
 
To find VTh, consider the circuit in Fig. (b). 
 

vb  =  2x5  =  10 V,  va  =  20/2  =  10 V 
 
But, -va + VTh + vb  =  0,  or  VTh  =  va – vb  =  0 volts 
 

(a) 

1010 5 

10  a b 
+ VTh 

(b) 

20V 

 
+ 
 2 A 

10 

+ 

va 

 

+ 

vb 

 

5 



Chapter 4, Solution 44. 
 
(a) For RTh, consider the circuit in Fig. (a). 
 

RTh  =  1 + 4||(3 + 2 + 5)  =  3.857 ohms 
 
For VTh,  consider the circuit in Fig. (b).  Applying KVL gives, 
 

10 – 24 + i(3 + 4 + 5 + 2),  or i  =  1 
 

VTh  =  4i  =  4 V 
 
 3 1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) For RTh, consider the circuit in Fig. (c). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RTh  =  5||(2 + 3 + 4)  =  3.214 ohms 
 

+ 
a 

 

(b) 

24V 
+ 
 

VTh 4 

5 
2 

10V 

 
+ 
 

i 

3 1 a 

b 

b 

(a) 

RTh 4  

2  

5  

3 1 3 1

b 

c 

(c) 

RTh 

4  

5  

2  
vo 

(d) 

VTh 

+ 

4 

5 

b 

c 

2A 

2 

 
+ 

24V  



To get VTh, consider the circuit in Fig. (d).  At the node, KCL gives, 
 

[(24 – vo)/9] + 2  =  vo/5,  or  vo  =  15 
 

VTh  =  vo  =  15 V 



Chapter 4, Solution 45. 
 
For RN, consider the circuit in Fig. (a). 
 
 
 

6  6  
 
 
 
 
 
 
 
 

RN  =  (6 + 6)||4  =  3 Ý 
 
For IN, consider the circuit in Fig. (b).  The 4-ohm resistor is shorted so that 4-A current is 
equally divided between the two 6-ohm resistors.  Hence, 
 

IN  =  4/2  =  2 A 

(b) 

4 6 
IN 

4A 

(a) 

4  R6  N



Chapter 4, Solution 46. 
 
Using Fig. 4.113, design a problem to help other students better understand Norton 
equivalent circuits. 
 
Although there are many ways to work this problem, this is an example based on the 
same kind of problem asked in the third edition. 
 
Problem 
 
Find the Norton equivalent at terminals a-b of the circuit in Fig. 4.113. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Figure 4.113 For Prob. 4.46. 
 
 
 
Solution 
 
RN is found using the circuit below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

10  

10  

20  

a ¡

  ¡ b 

RN 

10  

10  

¡ a 

20  4 A 

  ¡ b 



 
RN = 20//(10+10) = 10  
To find IN, consider the circuit below. 
 

10   
 
 
 
 
 
 
 
 
 
 
 
 
The 20- resistor is short-circuited and can be ignored. 
 

IN = ½ x 4 = 2 A 
 
 
 

10  
I20    4 A N 



Chapter 4, Solution 47 
 
Since  VTh = Vab = Vx, we apply KCL at the node a and obtain 
 

 V 1905.1126/1502
6012

30



ThTh

ThTh VV
VV

 

To find RTh,  consider the circuit below. 
 

12        Vx                         a 
                   
 
 
                       2Vx 
                             60  

              1A 
 

 
 
At node a, KCL gives 

 4762.0126/60
1260

21  x
xx

x V
VV

V  

 5.24762.0/19.1,4762.0
1


Th

Th
N

x
Th R

V
I

V
R    

Thus, 
 

VThev = 1.1905 V, Req = 476.2 mÝ, and IN = 2.5 A.  
 



Chapter 4, Solution 48. 
 
To get RTh, consider the circuit in Fig. (a). 
 
 
 
 
 
 
 
 
 
 
 
 
 
From Fig. (a),  Io  =  1,  6 – 10 – V  =  0,  or  V  =  -4 
 

Req  =  V/1  =  -4 ohms 
 
Note that the negative value of Req indicates that we have an active device in the circuit since we 
cannot have a negative resistance in a purely passive circuit. 
 
To solve for IN we first solve for VTh, consider the circuit in Fig. (b), 
 

Io  =  2,  VTh  =  -10Io + 4Io  =  -12 V 
 

IN  =  VTh/RTh  =  3A 
 

(b) 

2  10Io

4 

Io

2A 

+  

+ 

VTh 

 

Io 

 

(a) 

2  

4  

10Io 

+  
+ 

V 

1A  



Chapter 4, Solution 49. 
 
RN  =  RTh  =  28 ohms 
 
To find IN, consider the circuit below, 
 3A 
 
 
 
 10  20 
 
 
 
 
 
 
 
At the node, (40 – vo)/10  =  3 + (vo/40) + (vo/20),  or  vo  =  40/7 
 

io  =  vo/20  =  2/7,  but  IN  =  Isc  =  io + 3  =  3.286 A 
 
 
 

40 

v  o

 io 
+ I  = Isc N40V  



Chapter 4, Solution 50. 
 
From Fig. (a),  RN  =  6 + 4  =  10 ohms 
 
 
 

6  6  
 
 
 
 
 
 
 
 
From Fig. (b),   2 + (12 – v)/6  =  v/4,  or  v  =  9.6 V 
 

-IN  =  (12 – v)/6  =  0.4,  which leads to  IN  =  -0.4 A 
 
Combining the Norton equivalent with the right-hand side of the original circuit produces 
the circuit in Fig. (c). 
 
 
 
 
 
 
 
 
 
 

i  =  [10/(10 + 5)] (4 – 0.4)  =  2.4 A 
 

4  

(a) 

12V 

 
+ 
 

Isc = IN 

4 
2A

(b) 

i

10  5 

(c) 

0.4A 4A



Chapter 4, Solution 51. 
 
 
 
(a) From the circuit in Fig. (a), 
 
 

RN  =  4||(2 + 6||3)  =  4||4  =  2 ohms 
 
 

R VTh Th 
 
 
 
 
 
 
 
 
 
 
 
For IN or VTh, consider the circuit in Fig. (b).  After some source transformations, the 
circuit becomes that shown in Fig. (c). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Applying KVL to the circuit in Fig. (c), 
 

-40 + 8i + 12  =  0 which gives i  =  7/2 
 

VTh  =  4i  =  14  therefore IN  =  VTh/RN  =  14/2  =  7 A 
 

6  

2 

(a) 

3  

4  

+

6 

2 

(b) 

3 

4 

6A 

 
+ 

120V  

+ VTh

2 

(c) 

4  2 

  

40V 
+ 
 12V 

+ 
 

i



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

RN  =  2||(4 + 6||3)  =  2||6  =  1.5 ohms 
 
 6  4  2 
 
 
 
 
 
 
 
 
 
 
To get IN, the circuit in Fig. (c) applies except that it needs slight modification as in  
Fig. (e). 
 

i  =  7/2,  VTh  =  12 + 2i  =  19,  IN  = VTh/RN  =  19/1.5  =  12.667 A 
 

2 

(d) 

3  RN

i 

+  
+ 

V 12V Th  

(e) 



Chapter 4, Solution 52. 
 
For the transistor model in Fig. 4.118, obtain the Thevenin equivalent at terminals a-b. 

 
 

 
 
 
 
 
 
 

12 V 

 
 
Figure 4.118 
For Prob. 4.52. 

 
Solution 
 
Step 1.  To find the Thevenin equivalent for this circuit we need to find voc and isc. 

Then VThev = voc and Req = voc/isc. 
 3 k 
 
 
 
 
 
 

For voc, Io = (12–0)/3k = 4 mA and 20Io + (voc–0)/2k = 0. 
 
For isc, isc = –20Io. 
 

Step 2.  voc = –2k(20Io) = –40x4 = –160 volts = VThev  
 

isc = –20x4x10–3 = –80 mA or 
 

Req = –160/(80x10–3) = 2 kÝ. 
 

+

20Io

voc 

 

2 k

b

I

+ isc 12  
– 



Chapter 4, Solution 53. 
 
To get RTh, consider the circuit in Fig. (a). 
 
 0.25v
 
 
 
 
 
 
 
 
 
 
 
 
From Fig. (b), 

vo  =  2x1  =  2V,  -vab + 2x(1/2) +vo  =  0 
 

vab  =  3V 
 

RN  =  vab/1  =  3 ohms 
 
To get IN, consider the circuit in Fig. (c). 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
[(18 – vo)/6] + 0.25vo  =  (vo/2) + (vo/3)  or  vo  =  4V 

 
But,  (vo/2)  =  0.25vo + IN,  which leads to  IN  =  1 A 
 

(a) 

3  

+ 

vo 

 

0.25v o o 

1A 

2  

6  

b 

a 

(b) 

2 

+ 

vo 

 

1A 

2 

b 

a 

+ 

vab 

 

1/2 

1/2 

0.25vo

18V 

 
+ 
 

(c) 

3  

+ 

vo 

 

Isc = 

2 

b 

a 6  



Chapter 4, Solution 54 
 

To find  VTh =Vx,  consider the left loop. 
 

xoxo ViVi 2100030210003      (1) 

For the right loop, 
        (2) oox iixV 20004050 
Combining (1) and (2), 
  mA13000400010003  oooo iiii

 222000  Thox ViV  

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

1 k          i x 

. 
 
     io  +    +      + 

         2Vx            40io Vx      50        1V  
         -    -        - 
 
 
 

 mA2
1000

2
,1  x

ox

V
iV  

 -60mAA
50

1
mA80

50
40  x

ox

V
ii  

 

  67.16060.0/1
1

x
Th i

R  

 
 
 
 
 



Chapter 4, Solution 55. 
 
To get RN, apply a 1 mA source at the terminals a and b as shown in Fig. (a). 
 

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

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

-8I  =  (vab/1000),  or  I  =  -vab/8000  (2) 
 
From (1) and (2), (vab/50) – (80vab/8000)  =  1,  or  vab  =  100 
 

RN  =  vab/1  =  100 k ohms 
 
To get IN, consider the circuit in Fig. (b). 
 
 
 
 
 
 
 
 
 
 
Since the 50-k ohm resistor is shorted, 
 

IN  =  -80I,  vab  =  0 
 
Hence,    8i  =  2  which leads to  I  =  (1/4) mA 
 

IN  =  -20 mA 
 

2V 

 
+ 
 

IN 

a I 

(b) 

+ 
 

+ 

vab 

 

50 k

b 

80I

vab/100

a I 

(

+ v /100ab 80I+ 1mA vab 8 k 50 k 

 

b 

a) 



Chapter 4, Solution 56. 
 
We remove the 1-k resistor temporarily and find Norton equivalent across its terminals.  
Req is obtained from the circuit below. 
 
 
 

12 k 2 k 10 k 

 
 

   ¡ 
 

R24 k N  
   ¡ 

 
 
 
 
Req =  10 + 2 + (12//24) = 12+8 = 20 k 
IN is obtained from the circuit below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
We can use superposition theorem to find IN.  Let   IN = I1 + I2, where I1 and I2 are due 
to 16-V and 3-mA sources respectively.  We find I1 using the circuit below. 
 
 
 
 
 
 
 
 
 
 
 

12 k 2 k 10 k 

+ 
_ 36 V 3 mA 24 k   IN 

12 k 2 k 10 k 

+ 
_ 36 V 24 k   I1 



Using source transformation, we obtain the circuit below. 
 12 k 
 
 
 
 
 
 
 
 
 
 
12//24 = 8 k 

 1
8 (3 ) 1.2 mA

8 12
I mA 


 

To find I2, consider the circuit below. 
 
 
 
 
 
 
 
 
 
 
 

 
 2k + 12k//24 k   = 10 k 
 I2=0.5(-3mA) = -1.5 mA 
 IN = 1.2 –1.5 = -0.3 mA 
 
The Norton equivalent with the 1-k resistor is shown below 
 

 
+ 

 
 Vo 

 
– 

 
 
  

Vo = 1k(20/(20+1))(-0.3 mA) = -285.7 mV. 

12 k 3 mA 24 k   I1 

2 k 10 k 

12 k 24 k 3 mA   I2 

a 

20 k 1 k 
In 

b 



Chapter 4, Solution 57. 
 
To find RTh, remove the 50V source and insert a 1-V source at a – b, as shown in Fig. (a). 
 

2  a i  
 
 
 
 
 
 
 
We apply nodal analysis.  At node A, 
 

i + 0.5vx  =  (1/10) + (1 – vx)/2,  or  i + vx  =  0.6  (1) 
At node B, 

(1 – vo)/2  =  (vx/3)  +  (vx/6),  and vx  =  0.5  (2) 
 
From (1) and (2), i  =  0.1  and 
 

RTh  =  1/i  =  10 ohms 
 
To get VTh, consider the circuit in Fig. (b). 
 
 
 
 
 
 
 
 
 
 
At node 1,  (50 – v1)/3  =  (v1/6) + (v1 – v2)/2,  or  100  =  6v1 – 3v2  (3) 
 
At node 2, 0.5vx + (v1 – v2)/2  =  v2/10,  vx  =  v1,  and v1  =  0.6v2  (4) 
 
From (3) and (4), 
 

v2  =  VTh  =  166.67 V 
 

IN  =  VTh/RTh =  16.667 A 
 

RN  =  RTh  =  10 ohms 
 

v1 

50V 

 
+ 
 

2 

(b) 
b 

a 

0.5vx

+ 

vx 

 

6  10 

3  v2 

+ 

VTh 

 

1V 

 
+ 
 

3  

(a) 
b 

0.5vx

+ 

vx 

 

6  10 

B A 



Chapter 4, Solution 58. 
 
This problem does not have a solution as it was originally stated.  The reason for this is 
that the load resistor is in series with a current source which means that the only 
equivalent circuit that will work will be a Norton circuit where the value of RN  = 
infinity.  IN can be found by solving for Isc. 
 
 
 
 
 
 

R  ivo  
 
 
 
 
 
 
 
 
Writing the node equation at node vo, 
 

ib + ib  =  vo/R2  =  (1 + )ib 
 
But    ib  =  (Vs – vo)/R1 
 

vo  =  Vs – ibR1 
 

V  s – ibR1  =  (1 + )R2ib,  or  ib  =  Vs/(R1 + (1 + )R2)
 

Isc  =  IN  =  -ib  =  -Vs/(R1 + (1 + )R2) 
 

1i bb 

R2VS 

 
+ 
 

Isc



Chapter 4, Solution 59. 
 
RTh  =  (10 + 20)||(50 + 40)  30||90  =  22.5 ohms 
 
To find VTh, consider the circuit below. 
 
 
 
 
 
 
 
 
 
 
 
 

i  1  =  i2  =  8/2  =  4,  10i1 + VTh – 20i2  =  0,  or  VTh  =  20i2 –10i1  =  10i1  =  10x4
 

VTh  =  40V,  and  IN  =  VTh/RTh  =  40/22.5  =  1.7778 A 
 

40 

i1 

8A 

VTh +

20 

i2

10 

50 



Chapter 4, Solution 60. 
 
The circuit can be reduced by source transformations.   
 
 2A 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

5 

18 V 12 V 
10 

+   +   

10 V 

+   

2A 

10  b a 

3A 

5 

2A 

3A 

Norton Equivalent Circuit 

b a 3.333 
10 V 

3.333 a b 
+   

Thevenin Equivalent Circuit 



Chapter 4, Solution 61. 
 
To find RTh, consider the circuit in Fig. (a). 
 
Let R  =  2||18  =  1.8 ohms, RTh  =  2R||R  =  (2/3)R  =  1.2 ohms. 
 
To get VTh, we apply mesh analysis to the circuit in Fig. (d). 
 

2   
a  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6  

(a) 

2  

b 

6 

6 

2 

2  
a 

(b) 

18  

2  

b 

2 
18 18  

1.8  
a 

RTh 

(c) 

1.8  1.8  

b 

2  
a 

12V 

 
+ 
 

 
+

VTh 

12V 

6 

(d) 

2  

b 

6 

6 

2 i1
i2

i3 + 
 

+ 
12V  



 
 
 -12 – 12 + 14i1 – 6i2 – 6i3  =  0,  and   7 i1 – 3 i2 – 3i3  =  12  (1) 

 
 
 12 + 12 + 14 i2 – 6 i1 – 6 i3  =  0,  and   -3 i1 + 7 i2 – 3 i3  =  -12 (2) 
 
 14 i3 – 6 i1 – 6 i2  =  0,  and   -3 i1 – 3 i2 + 7 i3  =  0  (3) 
 
This leads to the following matrix form for (1), (2) and (3), 
 






















































0

12

12

i

i

i

733

373

337

3

2

1

 

 

100

733

373

337







 , 120

703

3123

3127

2 





  

 
i2  =  /2  =  -120/100  =  -1.2 A 

 
VTh  =  12 + 2i2  =  9.6 V,  and  IN  =  VTh/RTh  =  8 A 

 



Chapter 4, Solution 62. 
 
Since there are no independent sources, VTh =  0 V 
 
To obtain RTh, consider the circuit below. 
 
 
 
 
 
 
 
 
 
 
 
 
At node 2, 
 

ix + 0.1io  =  (1 – v1)/10,  or  10ix + io  =  1 – v1  (1) 
 
At node 1, 
 
  (v1/20) + 0.1io  =  [(2vo – v1)/40] + [(1 – v1)/10]  (2) 
 
But  io  =  (v1/20)  and  vo  =  1 – v1,  then  (2) becomes, 
 

1.1v1/20  =  [(2 – 3v1)/40] + [(1 – v1)/10] 
 

2.2v1  =  2 – 3v1 + 4 – 4v1  =  6 – 7v1 
 
or     v1  =  6/9.2    (3) 
 
From (1) and (3), 
 

10ix + v1/20  =  1 – v1 
 

10ix  =  1 – v1 – v1/20  =  1 – (21/20)v1  =  1 – (21/20)(6/9.2) 
 

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

20 

 
+ 

vo 
 

VS 

 
+ 
 

0.1i ix o

+   

10 

40  

2 

v1 1 
io 

2vo



Chapter 4, Solution 63. 
 
Because there are no independent sources, IN  =  Isc  =  0 A 
 
RN can be found using the circuit below. 
 
 
 10 

v1  
 
 
 
 
 
 
Applying KCL at node 1, v1  =  1,  and vo  =  (20/30)v1  =  2/3 
 

io  =  (v1/30) – 0.5vo  =  (1/30) – 0.5x2/3  =  0.03333 – 
0.33333  =  – 0.3 A. 

 
Hence,   
 

RN  =  1/(–0.3)  =  –3.333 ohms 
 

20 
0.5vo

+ 

vo 

 

1V 

 
+ 
 

io 



Chapter 4, Solution 64. 
 
With no independent sources, VTh  =  0  V.  To obtain RTh, consider the circuit shown 
below. 
 
 4  1 
 vo 

 
 
 
 
 

ix  =  [(1 – vo)/1] + [(10ix – vo)/4],  or  5vo  =  4 + 6ix  (1) 
 
But ix  =  vo/2.  Hence, 
 

5vo  =  4 + 3vo,  or  vo  =  2,  io  =  (1 – vo)/1  =  -1 
 

Thus,  RTh  =  1/io  =  –1 ohm 
 

2 

10ix 

+ 
–  1V 

 
+ 
 

io 
ix 



Chapter 4, Solution 65 
 
At the terminals of the unknown resistance, we replace the circuit by its Thevenin equivalent. 

V 24)32(
412

12
,532)12||4(2 


 Theq VR  

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

    5            Io 
 
 

            +             + 
                   24 V             Vo 

- - 
 
 
Applying KVL to the loop, 
   

 0524 oo VI     Vo = 24 – 5Io. 

 
 
 
 



Chapter 4, Solution 66. 
 
We first find the Thevenin equivalent at terminals a and b.  We find RTh using the circuit 
in Fig. (a). 

2  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RTh  =  2||(3 + 5)  =  2||8  =  1.6 ohms 
 
By performing source transformation on the given circuit, we obatin the circuit in (b).  
We now use this to find VTh. 
 

10i + 30 + 20 + 10  =  0,  or  i  =  –6 
 

VTh + 10 + 2i  =  0,  or  VTh  =  2 V 
 

p  =  VTh
2/(4RTh)  =  (2)2/[4(1.6)]  =  625 m watts 

 

3  

5 

(a) 

b a 

RTh 

2  

10V 
  + 

3 

i 
20V 

 
+ 
 

a b 

+
VTh 

5 

 
+ 

30V 

(b) 



Chapter 4, Solution 67. 
 
We first find the Thevenin equivalent.  We find RTh using the circuit below. 
 
 
 
 80  
 20  

 
 
 
 
 
 
 
 
 
  20//80 90//10 16 9 25 ThR      
 
We find VTh using the circuit below.  We apply mesh analysis. 
 
 
 
 
  
 
 
 
 
 
 
 
 
 

 

1 1(80 20) 40 0 0.4i i      

2 2(10 90) 40 0 0.4i i       

          2 190 20 0 28 VTh Thi i V V      
 

(a) R = RTh = 25  

(b)  
2 2

max
(28) 7.84 W

4 100
Th

Th

VP
R

    

10  

I1 

40 V 
20  

90  
I2 

VTH 

80  

_ 

+ 

+ – 

90  

RTh 

10  



Chapter 4, Solution 68. 
 
This is a challenging problem in that the load is already specified.  This now becomes a 
"minimize losses" style problem.  When a load is specified and internal losses can be 
adjusted, then the objective becomes, reduce RThev as much as possible, which will result 
in maximum power transfer to the load. 
 

R 
 
 
 
 
 
 
 
 
 
 
Removing the 10 ohm resistor and solving for the Thevenin Circuit results in: 
 

RTh  =  (Rx20/(R+20))  and  a Voc = VTh =  12x(20/(R +20)) + (-8) 
 
As R goes to zero, RTh goes to zero and VTh goes to 4 volts, which produces the 
maximum power delivered to the 10-ohm resistor. 
 
  P = vi  = v2/R  =  4x4/10  =  1.6 watts 
 
Notice that if R = 20 ohms which gives an RTh =  10 ohms, then VTh becomes -2 volts 
and the power delivered to the load becomes 0.1 watts, much less that the 1.6 watts. 
 
It is also interesting to note that the internal losses for the first case are 122/20 = 7.2 watts 
and for the second case are = to 12 watts.  This is a significant difference. 
  

-
+ 10 

-
+

12 V 

20 

8V 



Chapter 4, Solution 69. 
 
We need the Thevenin equivalent across the resistor R.  To find RTh, consider the circuit 
below. 
 22 k 1 v
 
 
 
 
 
 
 
 
Assume that all resistances are in k ohms and all currents are in mA. 
 

10||40  =  8,  and  8 + 22  =  30 
 

1 + 3vo  =  (v1/30) + (v1/30)  =  (v1/15) 
 

15 + 45vo  =  v1 
But vo  =  (8/30)v1, hence, 
 

15 + 45x(8v1/30)  v1,  which leads to  v1  =  1.3636 
 

RTh  =  v1/1  =  –1.3636 k ohms 
 
RTh being negative indicates an active circuit and if you now make R equal to 1.3636 k 
ohms, then the active circuit will actually try to supply infinite power to the resistor.  The 
correct answer is therefore: 
 

pR =  6.1363
0

V
6.1363

6.13636.1363

V 2
Th

2
Th 
















  =  Ð 

 
It may still be instructive to find VTh.  Consider the circuit below. 
 
 
 
 
 
 
 
 
 
 

(100 – vo)/10  =  (vo/40) + (vo – v1)/22  (1) 
 

10 k 
+ 

vo 

 

40 k 30 k
0.003vo 1mA 

10 k 22 k

100V 
 

+ 
 

v1 

+ 

vo 

 

40 k 30 k
0.003vo

vo 

+ 

Th V

 



[(vo – v1)/22] + 3vo  =  (v1/30)   (2) 
 
Solving (1) and (2), 

v1  =  VTh  =  -243.6 volts 



Chapter 4, Solution 70 
 
We find the Thevenin equivalent across the 10-ohm resistor.  To find  VTh, consider the 
circuit below. 
 

3Vx 
 

 
 
     5    5  
 
         + 
     + 
 
    4V     15    VTh 
                -                6  
        – 
  
                                                             +     Vx        - 

 
From the figure, 

 

V3)4(
515

15,0 


 Thx VV  

To find  Req,  consider the circuit below: 
 
 

3Vx 
 

 
 
     5    5  
       V1          
 
     + 
 
    4V     15     
                –                6  
 
  
                                                             +     Vx       - 
 
 
At node 1, 
 

[(V1–Vx)/15] + [(V1–(4+Vx))/5] + [(V1–0)/5] + 3Vx = 0 or 

Isc 



0.4667V1 + 2.733Vx = 0.8   (1) 
 
At node x, 
 
[(Vx–0)/6] + [((Vx+4)–V1)/5] + [(Vx–V1)/15] = 0 or  

 

. 

 = –Vx/6 = 0.02864 and Req = 3/(0.02864) = 104.75 Ý 

 
ss the 1 amp current 

1 = 6+3.75 = –9.75; V2 = 19x5 + V1 = 95+9.75 = 104.75 or Req = 104.75 Ý. 

o 104.75 Ý means that the circuit will deliver 
aximum power to it.  Therefore, 

 
pmax = [3/(2x104.75)]2x104.75 = 21.48 mW 

 
 

–(0.2667)V1 + 0.4333Vx = –0.8   (2) 
 
Adding (1) and (2) together lead to, 
 
(0.4667–0.2667)V1 + (2.733+0.4333)Vx = 0 or V1 = –(3.166/0.2)Vx = –15.83Vx
 
Now we can put this into (1) and we get, 
 
0.4667(–15.83Vx) + 2.733Vx = 0.8 = (–7.388+2.733)Vx = –4.655Vx or Vx = –0.17186 
V
 
Isc
 
An alternate way to find Req is replace Isc with a 1 amp current source flowing up and
setting the 4 volts source to zero.  We then find the voltage acro
source which is equal to Req.  First we note that Vx = 6 volts ;  
V
 
Clearly setting the load resistance t
m



Chapter 4, Solution 71. 
 
We need RTh and VTh at terminals a and b.  To find RTh, we insert a 1-mA source at the 
terminals a and b as shown below. 
 
 10 k a 
 
 
 
 
 
 
 
 
Assume that all resistances are in k ohms, all currents are in mA, and all voltages are in 
volts.  At node a, 
 
  1  =  (va/40) + [(va + 120vo)/10],  or  40 =  5va + 480vo (1) 
 
The loop on the left side has no voltage source.  Hence, vo  =  0.  From (1),  va  =  8 V. 
 

RTh  =  va/1 mA  =  8  kohms 
 
To get VTh, consider the original circuit.  For the left loop, 
 

vo  =  (1/4)8  =  2 V 
 
For the right loop, vR  =  VTh  =  (40/50)(-120vo)  =  -192 
 
The resistance at the required resistor is 
 

R  =  RTh  =  8 kÝ 
 

p  = VTh
2/(4RTh)  =  (-192)2/(4x8x103)  =  1.152 watts 

 

3 k 
+ 

vo 

 

1 k 40 k
120vo

 
+

1mA 

b 



Chapter 4, Solution 72. 
 
(a) RTh and VTh are calculated using the circuits shown in Fig. (a) and (b) 
respectively. 
 
From Fig. (a),  RTh  =  2 + 4 + 6  =  12 ohms 
 
From Fig. (b),   -VTh + 12 + 8 + 20  =  0,  or  VTh  =  40 V 
 

12V  4  6  2  4  6 
 
 
 
 
 
 
 
 
(b)   i  =  VTh/(RTh + R)  =  40/(12 + 8)  =  2A 
 
(c)  For maximum power transfer,  RL  =  RTh  =  12 ohms 
 
(d)  p  = VTh

2/(4RTh)  =  (40)2/(4x12)  =  33.33 watts. 
 

2  

(a) 

RTh 

20V 

+ 

VTh 

 

8V 

 
  + 

+ 
 

+   

(b) 



Chapter 4, Solution 73 
 
Find the Thevenin’s equivalent circuit across the terminals of R. 
 
 
 
 

            10                           25  
                                                                   RTh 

                                                               
 
              
 
                                                20                           5   
 
 
 

 833.1030/3255//2520//10ThR  

 
 
 

            10                           25  
 
              +                                          +    VTh   -      
        60 V                          +                                                +   
             - 
                                         Va                                              Vb 

                                                20                           5   
                                         -                                                 - 
 
 

10)60(
30

5
,40)60(

30

20
 ba VV  

V 3010400  baThbTha VVVVVV  

 

833.104

30

4

22

max xR
V

p
Th

Th   = 20.77 W. 

 
 
 
 



Chapter 4, Solution 74. 
 
When RL is removed and Vs is short-circuited, 
 

R  

R

= s 

=  

w

[(R )] 

Th  =  R1||R2 + R3||R4  =  [R1 R2/( R1 + R2)] + [R3 R4/( R3 + R4)]
 

L = RTh =  (R1 R2 R3 + R1 R2 R4 + R1 R3 R4 + R2 R3 R4)/[( R1 + R2)( R3 + R4)] 
 
When RL is removed and we apply the voltage division principle, 
 

Voc  =  VTh  =  vR2 – vR4 
 

  ([R2/(R1 + R2)] – [R4/(R3 + R4)])Vs  =  {[(R2R3) – (R1R4)]/[(R1 + R2)(R3 + R4)]}V
 

pmax  = VTh
2/(4RTh) 

 
  {[(R2R3) – (R1R4)]2/[(R1 + R2)(R3 + R4)]2}Vs

2[( R1 + R2)( R3 + R4)]/[4(a)]
 

here a  =  (R1 R2 R3 + R1 R2 R4 + R1 R3 R4 + R2 R3 R4) 
 

pmax =   
 

2R3) – (R1R4)]2Vs
2/[4(R1 + R2)(R3 + R4) (R1 R2 R3 + R1 R2 R4 + R1 R3 R4 + R2 R3 R4

 
 



Chapter 4, Solution 75. 
 
We need to first find RTh and VTh. 
 
 R 
 
 R 
 
 R 
 
 
 
 
 
 
 
 
Consider the circuit in Fig. (a). 
 

(1/Req)  =  (1/R) + (1/R) + (1/R)  =  3/R 
 

Req  =  R/3 
 
From the circuit in Fig. (b), 
 

((1 – vo)/R) + ((2 – vo)/R) + ((3 – vo)/R)  =  0 
 

vo  =  2  =  VTh 

 
For maximum power transfer, 
 

RL  =  RTh  =   R/3 
 

Pmax  =  [(VTh)2/(4RTh)]  =  3 mW 
 

RTh =  [(VTh)2/(4Pmax)]  =  4/(4xPmax)  =  1/Pmax =  R/3 
 

R  =  3/(3x10-3)  =  1 kÝ 
 
 

1 kÝ, 3 mW 

R 

(a) 

RTh R 

vo 

R + 

VTh 

 

(b) 

3V 

   
+ + + 

 2V  1V  



Chapter 4, Solution 76. 
 
Follow the steps in Example 4.14.  The schematic and the output plots are shown below.  
From the plot, we obtain,  
 

V  =  92 V [i = 0, voltage axis intercept] 
 

R  =  Slope  =  (120 – 92)/1  =  28 ohms 

 

 



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

VTh  =  4 V  [zero intercept] 
 

RTh  =  (7.8 – 4)/1  =  3.8 ohms 



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

 
V  =  15 V  [zero intercept] 

 
R  =  (18.2 – 15)/1  =  3.2 ohms 

 

 
 

 



Chapter 4, Solution 78. 
 
The schematic is shown below.   We perform a dc sweep on the current source, I1, 
connected between terminals a and b.  The plot is shown.   From the plot we obtain, 
 

VTh  =  -80 V  [zero intercept] 
 

RTh  =  (1920 – (-80))/1  =  2 k ohms 
 

 
 
 



Chapter 4, Solution 79. 
 
After drawing and saving the schematic as shown below, we perform a dc sweep on I1 
connected across a and b.  The plot is shown.  From the plot, we get,  
 

V  =  167 V  [zero intercept] 
 

R  =  (177 – 167)/1  =  10 ohms 
 

 

 
 



Chapter 4, Solution 80. 
 
The schematic in shown below.  We label nodes a and b as 1 and 2 respectively.  We 
perform dc sweep on I1.  In the Trace/Add menu, type v(1) – v(2) which will result in the 
plot below.  From the plot,  
 

VTh  =  40 V  [zero intercept] 
 

RTh  =  (40 – 17.5)/1  =  22.5 ohms  [slope] 
 
 

 
 

 



Chapter 4, Solution 81. 
 
The schematic is shown below.  We perform a dc sweep on the current source, I2, 
connected between terminals a and b.  The plot of the voltage across I2 is shown below.  
From the plot, 

VTh  =  10 V  [zero intercept] 
 

RTh  =  (10 – 6.7)/1  =  3.3 ohms.  Note that this is in good agreement with the exact 
value of 3.333 ohms. 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 4, Solution 82. 
 
VTh  =  Voc  =  12 V,  Isc  =  20 A 
 

RTh  =  Voc/Isc  =  12/20  =  0.6 ohm. 
 
 

0.6  
 i 

  
+  

 
 
 
 

i  =  12/2.6 ,   p  =  i2R  =  (12/2.6)2(2)  =  42.6 watts 
 

12V  2 



Chapter 4, Solution 83. 
 
VTh  =  Voc  =  12 V,  Isc  =  IN  =  1.5 A 
 

RTh  =  VTh/IN  =  8 ohms,  VTh  =  12 V,  RTh  =  8 ohms 
 
 



Chapter 4, Solution 84 
 
Let the equivalent circuit of the battery terminated by a load be as shown below. 
 
                                                    RTh 

 
                                                                                   IL 
                                    +                                                                      +         
                                VTh 
                                 -                                                                          VL        RL 

                                                                                                            - 

 

  

For open circuit, 
 

V 8.10,  LocThL VVVR  

When  RL = 4 ohm,  VL=10.5, 
 

7.24/8.10 
L

L
L R

V
I  

But 







 4444.0
7.2

8.1012

L

LTh
ThThLLTh I

VV
RRIVV  

 
= 444.4 mÝ. 

 
 
 
 



Chapter 4, Solution 85 
 
(a) Consider the equivalent circuit terminated with R as shown below. 
                                                    RTh 

                                                                          a 
 
 
                 +                                                     + 
                VTh                                                                          Vab       R 
                -                                                       - 
 
 
                                                                        b 

Th
Th

Th
Th

ab V
R

V
RR

R
V







10

10
6  

or 
 
   (1) ThTh VR 10660 
where RTh is in k-ohm. 
 
Similarly, 
 

ThThTh
Th

VRV
R

3012360
30

30
12 


   (2) 

Solving (1) and (2) leads to 
 

 kRV ThTh 30  V, 24  

 
 
(b)   

V 6.9)24(
3020

20



abV  



Chapter 4, Solution 86. 
 
We replace the box with the Thevenin equivalent. 
 
 

RTh 
i  

 
 
 
 
 

VTh  =  v + iRTh 
 
When i  =  1.5,  v  =  3,  which implies that VTh  =  3 + 1.5RTh  (1) 
 
When i  =  1,  v  =  8, which implies that VTh  =  8 + 1xRTh   (2) 
 
From (1) and (2),  RTh  =  10 ohms and VTh  = 18 V. 
 
(a) When R  =  4, i  =  VTh/(R + RTh)  =  18/(4 + 10)  =  1.2857 A 
 
(b) For maximum power, R  =  RTH 
 

Pmax  =  (VTh)2/4RTh  =  182/(4x10)  =  8.1 watts 
 

VTh 

 
+ 
 

+ 

R v 

 



Chapter 4, Solution 87. 
 
(a) 

i  = 9.975 mA i  = 9.876 mA m m 
 
 
 
 
 
 
 
From Fig. (a), 

vm  =  Rmim  =  9.975 mA x 20  =  0.1995 V 
 

Is = 9.975 mA + (0.1995/Rs)    (1) 
From Fig. (b), 

vm  =  Rmim  =  20x9.876  =  0.19752 V 
 

Is = 9.876 mA + (0.19752/2k) + (0.19752/Rs) 
 

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

Rs  =  8 k ohms, Is  =  10 mA 
 
(b) 
 
 
 
 
 
 
 
 
 
 

8k||4k  =  2.667 k ohms 
 

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

RmIs Rs

(b) 

im’ = 9.876 

Rs

Is Rm Rs 

(a) 

+ 

vm 

 

Rm I R Rs s s

(b) 



Chapter 4, Solution 88 
 

To find RTh, consider the circuit below. 
 
                                            RTh                  5k   
                         A                           B 
                                     
                                                                                                  

          30k                                                            20k  
                                 
                                                                                                  
 
                                      10k  

 kRTh 445//201030  

 

To find VTh ,  consider the circuit below. 
 
                                                                  5k   
                         A                           B 
                                    io 

                                                                                                 + 
          30k                                                            20k  

                                 4mA                                                          60 V 
                                                                                                 - 
 
                                      10k  
 

V 72,48)60(
25

20
,120430  BAThBA VVVVxV  



The Thevenin equivalent circuit is shown below. 
 
                                   44k  
                                                                     I 
 
 
                                                                   Ri 
   + 
72 V 
   - 
 
 
 
 
                                                                    2k  

 

 

 

mA 
244

72

iR
I


  

assuming  Ri is in k-ohm. 
 

(a) When  Ri =500 ,   

mA 1.548 
5.0244

72



I  

 
 
(b) When Ri = 0 , 
 

mA 1.565
0244

72



I  

 
 
 
 
 
 



Chapter 4, Solution 89 
 
It is easy to solve this problem using Pspice. 
 
(a) The schematic is shown below.  We insert IPROBE to measure the desired ammeter 
reading.  We insert a very small resistance in series IPROBE to avoid problem.  After the 
circuit is saved and simulated, the current is displaced on IPROBE  as A99.99  . 

 

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

 
 
 
 
 
 
 
 



Chapter 4, Solution 90. 
 
Rx  =  (R3/R1)R2  =  (4/2)R2  =  42.6, R2  =  21.3 
 
   which is  (21.3ohms/100ohms)%  =  21.3% 
 



Chapter 4, Solution 91. 
 
Rx  =  (R3/R1)R2   
 
(a) Since 0 < R2 < 50 ohms, to make 0 < Rx < 10 ohms requires that when R2  =  50 
ohms, Rx  = 10 ohms. 
 

10  =  (R3/R1)50  or  R3  =  R1/5 
 
so we select R1  =  100 ohms  and  R3  =  20 ohms 
 
(b) For 0 < Rx < 100 ohms 
 

100  =  (R3/R1)50,  or  R3  =  2R1 
 
So we can select  R1  =  100 ohms  and   R3  =  200 ohms 
 



Chapter 4, Solution 92. 
 
For a balanced bridge, vab  =  0.  We can use mesh analysis to find vab.  Consider the 
circuit in Fig. (a), where i1 and i2 are assumed to be in mA. 
 

2 k 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

220  =  2i1 + 8(i1 – i2)  or  220  =  10i1 – 8i2 (1) 
 
   0  =  24i2 – 8i1  or  i2  =  (1/3)i1  (2) 
From (1) and (2), 

i1  =  30 mA and i2  =  10 mA 
 
Applying KVL to loop 0ab0 gives 
 

5(i2 – i1) + vab + 10i2  =  0 V 
 
Since vab  =  0, the bridge is balanced. 
 
When the 10 k ohm resistor is replaced by the 18 k ohm resistor, the gridge becomes 
unbalanced.  (1) remains the same but (2) becomes 
 

0  =  32i2 – 8i1,  or  i2  =  (1/4)i1   (3) 
Solving (1) and (3), 

i1  =  27.5 mA,  i2  =  6.875 mA 
 

vab  =  5(i1 – i2) – 18i2  =  -20.625 V 
 

VTh  =  vab  =  -20.625 V 
 
 
 
 

3 k
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To obtain RTh, we convert the delta connection in Fig. (b) to a wye connection shown in 
Fig. (c). 
 

2 k  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

R1  =  3x5/(2 + 3 + 5)  =  1.5 k ohms,  R2  =  2x3/10  =  600 ohms, 
 

R3  =  2x5/10  =  1 k ohm. 
 

RTh  =  R1 + (R2 + 6)||(R3 + 18)  =  1.5 + 6.6||9  =  6.398 k ohms 
 

RL  =  RTh  =  6.398 k ohms 
 

Pmax  =  (VTh)2/(4RTh)  =  (20.625)2/(4x6.398)  =  16.622 mWatts 
 
 

3 k R6 k
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Chapter 4, Solution 93. 
 
 

R Ri 
 
 
 
 
 
 

-Vs + (Rs + Ro)ix + Roix  =  0 
 

ix  =  Vs/(Rs + (1 + )Ro) 
 
 

Roix

VS 

 
+ 
 

ix
+ 
 

osx 



Chapter 4, Solution 94. 
 
(a)   Vo/Vg  =  Rp/(Rg + Rs + Rp)    (1) 
 

Req  =  Rp||(Rg + Rs)  =  Rg 
 

R

R  

g  =  Rp(Rg + Rs)/(Rp + Rg + Rs) 
 

gRp + Rg
2 + RgRs  =  RpRg + RpRs

 
    RpRs  =  Rg(Rg + Rs)    (2) 
 
From (1),   Rp/  =  Rg + Rs + Rp 
 
    Rg + Rs  =  Rp((1/) – 1)  =  Rp(1 - )/ (1a) 
 
Combining (2) and (1a) gives, 
 
    Rs  =  [(1 - )/]Req    (3) 
 
          =  (1 – 0.125)(100)/0.125  =  700 ohms 
 
From (3) and (1a), 
 

Rp(1 - )/  =  Rg + [(1 - )/]Rg  =  Rg/ 
 

Rp  =  Rg/(1 - )  =  100/(1 – 0.125)  =  114.29 ohms 
 
 
 
 
(b)  
 

R Th

 I 
  

+  
 
 
 

VTh  =  Vs  =  0.125Vg  =  1.5 V 
 

RTh  =  Rg  =  100 ohms 
 

I  =  VTh/(RTh + RL)  =  1.5/150  =  10 mA 
 

VTh  
RL



Chapter 4, Solution 95. 
 
Let  1/sensitivity  =  1/(20 k ohms/volt)  =  50 A 
 
For the 0 – 10 V scale, 

Rm  =  Vfs/Ifs  =  10/50 A  =  200 k ohms 
For the 0 – 50 V scale, 

Rm  =  50(20 k ohms/V)  =  1 M ohm 
 
 RTh

 
 

  
+  RmV  Th  

 
 
 

VTh  =  I(RTh + Rm) 
 
(a) A 4V reading corresponds to  
 

I  =  (4/10)Ifs  =  0.4x50 A  =  20 A 
 

VTh  =  20 A RTh + 20 A 250 k ohms 
 

=  4 + 20 A RTh   (1) 
 
(b) A 5V reading corresponds to  
 

I  =  (5/50)Ifs  =  0.1 x 50 A  =  5 A 
 

VTh  =  5 A x RTh + 5 A x 1 M ohm 
 

VTh  =  5 + 5 A RTh   (2) 
From (1) and (2) 
 

0  =  -1 + 15 A RTh  which leads to  RTh  =  66.67 k ohms 
From (1), 

VTh  =  4 + 20x10-6x(1/(15x10-6))  =  5.333 V 
 



Chapter 4, Solution 96. 
 
(a) The resistance network can be redrawn as shown in Fig. (a), 
 
 

10  8  10  
R 

 
 
 
 
 
 
 
 

RTh  =  10 + 10 + [60||(8 + 8 + [10||40])]  =  20 + (60||24)  =  37.14 ohms 
 
Using mesh analysis, 
 
    -9 + 50i1  - 40i2  =  0    (1) 
   116i2 – 40i1  =  0  or  i1  =  2.9i2   (2) 
 
 
From (1) and (2), i2  =  9/105 = 0.08571 
 

VTh  =  60i2  =  5.143 V 
 
From Fig. (b), 
 

Vo  =  [R/(R + RTh)]VTh  =  1.8 V 
 

R/(R + 37.14)  =  1.8/5.143 = 0.35  or  R = 0.35R + 13  or  R = (13)/(1–0.35) 
 

  which leads to R  =  20 Ý (note, this is just for the Vo = 1.8 V) 
 
(b) Asking for the value of R for maximum power would lead to R  =  RTh  =  37.14 Ý.   
 

However, the problem asks for the value of R for maximum current.  This happens when 
the value of resistance seen by the source is a minimum thus R = 0 is the correct value. 

 
Imax  =  VTh/(RTh)  =  5.143/(37.14)  =  138.48 mA. 
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Chapter 4, Solution 97. 
 
 
 
 
 
 
 
 
 
 
 
 

 
RTh  =  R1||R2  =  6||4  =  2.4 k ohms 

 
VTh  =  [R2/(R1 + R2)]vs  =  [4/(6 + 4)](12)  =  4.8 V 

 

+ 

VTh 

 

12V 

 
+ 
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Chapter 4, Solution 98. 
 
The 20-ohm, 60-ohm, and 14-ohm resistors form a delta connection which needs to be 
connected to the wye connection as shown in Fig. (b), 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

R1  =  20x60/(20 + 60 + 14)  =  1200/94  =  12.766 ohms 
 

R2  =  20x14/94  =  2.979 ohms 
 

R3  =  60x14/94  =  8.936 ohms 
 

RTh  =  R3 + R1||(R2 + 30)  =  8.936 + 12.766||32.98  =  18.139 ohms 
 
To find VTh, consider the circuit in Fig. (c). 
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IT  =  16/(30 + 15.745)  =  349.8 mA 
 

I1  =  [20/(20 + 60 + 14)]IT  =  74.43 mA 
 

VTh  =  14I1 + 30IT  =  11.536 V 
 

I40  =  VTh/(RTh + 40)  =  11.536/(18.139 + 40)  =  198.42 mA 
 

P40  =  I40
2R  =  1.5748 watts 

 
 
 



Chapter 5, Solution 1. 
 
  (a) Rin = 1.5 M 

  (b) Rout = 60   
  (c) A = 8x104 

   Therefore AdB = 20 log 8x104 = 98.06 dB 



Chapter 5, Solution 2. 
 
 v0 = Avd = A(v2 - v1) 
      = 105 (20-10) x 10-6 = 1V 



Chapter 5, Solution 3. 
 
 v0 = Avd = A(v2 - v1) 
      = 2 x 105 (30 + 20) x 10-6 = 10V 



Chapter 5, Solution 4. 
 

 v0 = Avd = A(v2 - v1) 

  v2 - v1 = V2
10x2

4

A

v
6

0 


  

 
   v2 - v1 = -2 µV = –0.002 mV 
   1 mV - v1 = -0.002 mV 

 v1 = 1.002 mV 











Chapter 5, Solution 9. 
 
(a) Let va and vb be respectively the voltages at the inverting and noninverting terminals of 
the op amp  
 
  va = vb = 4V 
 
At the inverting terminal, 
 

  1mA = 
k2

v4 0
     v0 = 2V 

 
 

(b) 1V   

 
+ - 

 
+  +   
vb vo  
- - 

 
 
 
Since va = vb = 3V, 
  
          -vb + 1 + vo = 0    vo = vb – 1 = 2V 



Chapter 5, Solution 10. 
 

Since no current enters the op amp, the voltage at the input of the op amp is vs.  Hence 
 

 vs = vo 
2

v

1010

10 o

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
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v

v
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But va = vb = 2V, 
 
 12 = 10 – vo              vo = –2V 
 

 –io = mA1
4

2

8
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vv ooa 



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i o =  –1mA 

 









Chapter 5, Solution 15 
 

(a) Let  v1 be the voltage at the node where the three resistors meet.  Applying 
KCL at this node gives 
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(b) For this case, 
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Chapter 5, Solution 16 
 
Using Fig. 5.55, design a problem to help students better understand inverting op amps. 
 
Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 
 
Problem 
 

Obtain ix and iy in the op amp circuit in Fig. 5.55. 
 

 
 
Figure 5.55 
 

Solution 
 10k   
 
 
                                                          ix 
                                          5k                    va                           iy 
                                                                                      - 
                                                                      vb             +                       vo 
 
 
          +                                                                        2k  
     0.5V 
         -                                                      8k   
 
 
 
     
    
 



Let currents be in mA and resistances be in k .  At node a, 

oa
oaa vv

vvv
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105
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          aooba vvvvv
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Substituting (2) into (1) gives 

14

8

8

10
31  aaa vvv  

Thus, 

           A 28.14mA 70/1
5
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= 85.71 µA 

 
 
 



Chapter 5, Solution 17.  
 

(a) G = 
5
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i

f

i

o
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v

v
 –2.4 

(b) 
5
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o   = –16 
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5

2000
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(a) –2.4, (b) –16, (c) –400 









Chapter 5, Solution 21. 
 
Let the voltage at the input of the op amp be va. 
 

 
   a3-v 13-11 V,   

4k 10 4 10
a o o

a
v v vv

k
 

 
vo = –4 V. 

 
 
 



Chapter 5, Solution 22. 
    

Av = -Rf/Ri  =  -15. 
   If   Ri = 10k, then Rf  =  150 k. 
 
 



Chapter 5, Solution 23 
 
At the inverting terminal,  v=0 so that KCL gives 
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Chapter 5, Solution 25. 
 

This is a voltage follower.  If v1 is the output of the op amp, 
 
v1  = 3.7 V 
 
vo = [20k/(20k+12k)]v1 = [20/32]3.7 = 2.312 V. 

 
 
 



Chapter 5, Solution 26 
 
Using Fig. 5.64, design a problem to help other students better understand noninverting op amps. 
 
 
Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 
 
Problem 
 

Determine io in the circuit of Fig. 5.64. 
 

 
 
Figure 5.64 

 
Solution 

 
                                                             + 

 
                                                             vb         -           io  
                    +                                                                                      + 

     0.4V                                                                                         5k  
        -                                                           2k                     vo 

                                           8k  
                                                                                                 - 
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Chapter 5, Solution 27. 
 
This is a voltage follower. 
 

v1 = [24/(24+16)]7.5 = 4.5 V; v2 = v1 = 4.5 V; and 
 
vo = [12/(12+8)]4.5 = 2.7 V. 

 
 
 
 



Chapter 5, Solution 28. 
 

50 k 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

At node 1, 
k50

vv

k10

v0 o11 



 

 
But v1 = 10V,  
 
 –5v1 = v1 – vo, leads to  vo = 6v1 = 60V 
 
Alternatively, viewed as a noninverting amplifier, 
 
 vo = (1 + (50/10)) (10V) = 60V 
 
 io = vo/(20k) = 60/(20k) = 3 mA. 
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Chapter 5, Solution 29 
 
                                             R1                          va 
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Chapter 5, Solution 30. 
 

The output of the voltage becomes 
 
 vo = vi = 1.2 V 
  k12)k20k30(  

 
By voltage division, 
 

 V2.0)2.1(
6012
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Chapter 5, Solution 32.  
 

Let vx = the voltage at the output of the op amp.  The given circuit is a non-inverting 
amplifier. 
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Chapter 5, Solution 33. 
 

After transforming the current source, the current is as shown below: 
 
 1 k
 
 
 
 
 
 
 
 
 
 
 
 

This is a noninverting amplifier. 
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Since the current entering the op amp is 0, the source resistor has a 0 V potential drop.  
Hence vi = 4V. 
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Power dissipated by the 3k resistor is 
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Chapter 5, Solution 34 
 
 

0
R

vv

R

vv

2

in1

1

in1 





     (1) 

 
but 

o
43

3
a v

RR

R
v


       (2) 

 
Combining (1) and (2), 
 

0v
R

R
v

R

R
vv a

2

1
2

2

1
a1   

 

2
2

1
1

2

1
a v

R

R
v

R

R
1v 








  

 

2
2

1
1

2

1

43

o3 v
R

R
v

R

R
1

RR

vR












 

 






















 2

2

1
1

2

1
3

43
o v

R

R
v

R

R
1R

RR
v  

 

vO = )(
)( 221

213

43 vRv
RRR

RR





 

 
 
 
 



Chapter 5, Solution 35. 
 

5.7
R

R
1

v

v
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i

o
v       Rf = 6.5Ri 

 
If  Ri = 60 k, Rf = 390 k. 

 



Chapter 5, Solution 36 
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To get RTh, apply a current source  Io at terminals a-b as shown below. 
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  vo                      io 

                                                                        R1 
   -  
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Since the noninverting terminal is connected to ground,  v1 = v2 =0, i.e. no current passes 
through R1  and consequently R2 .  Thus,  vo=0 and 
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Chapter 5, Solution 37. 
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Chapter 5, Solution 38. 
 
Using Fig. 5.75, design a problem to help other students better understand summing amplifiers. 
 
Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 
 
Problem 

 
 
Calculate the output voltage due to the summing amplifier shown in Fig. 5.75. 
 

 
Figure 5.75 

 
 
Solution 
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Chapter 5, Solution 39 
 
 

This is a summing amplifier. 
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Determine Vo in terms of V1 and V2. 
 
 

Vc 

Vb 

Va 10  

100 k 

40 

 
+ 

V2 

200 k 

 
+ 
 

V1 

 
+ 
 

100 k 

 
 
 
 
 

+  
 Vo 
 

  
 
 
 
 
Step 1.  Label the reference and node voltages in the circuit, see above.  
Note we now can consider nodes a and b, we cannot write a node equation at c 
without introducing another unknown.  The node equation at a is [(Va–V1)/105] + 
[(Va–V2)/105] + 0 + [(Va–Vc)/2x105] = 0.  At b it is clear that Vb = 0.  Since we 
have two equations and three unknowns, we need another equation.  We do get 
that from the constraint equation, Va = Vb.  After we find Vc in terms of V1 and 
V2, we then can determine Vo which is equal to [(Vc–0)/50] times 40. 
 
Step 2.  Letting Va = Vb = 0, the first equation can be simplified to, 
 
   [–V1/105] + [–V2/105] + [–Vc/2x105] = 0 
 
Taking Vc to the other side of the equation and multiplying everything by 2x105, 
we get, 
 
   Vc = –2V1 – 2V2  
 
Now we can find Vo which is equal to (40/50)Vc = 0.8[–2V1–2V2]  
 

Vo = –1.6V1–1.6V2. 
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  Rf/Ri = 1/(4)             Ri = 4Rf = 40k 
 
The averaging amplifier is as shown below: 
 
 R  = 40 k 10 k1

 
 
 
 
 
 
 
 
 
 
 
 


+

vo 

v4 
R4 = 40 k

v3 
R3 = 40 k

v2 
R2 = 40 k

v1 
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Since the average of three numbers is the sum of those numbers divided by three, the 
value of the feedback resistor needs to be equal to one-third of the input resistors or,  
 

 1f R
3

1
R 25 kÝ. 
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In order for 
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At node b,  0
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But va = vb.  We set (1) and (2) equal. 
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 This can be achieved as follows: 
 

   
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i.e. Rf = R, R1 = R/3, and R2 = R/2 
 
Thus we need an inverter to invert v1, and a summer, as shown below (R<100k). 
 
 
 R 

 
 
 
 
 
 
 
 
 
 
 


+ -v1 

v1 

R  
R

R/3  


+

vo v2

R/2  
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 3
3

f
2

2
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1

f
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R
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R
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R
v
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1
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v
v   

i.e.   R3 = 2Rf, R1 = R2 = 3Rf.  To get -v2, we need an inverter with Rf = Ri.  If Rf = 
10k, a solution is given below. 
 
 30 k

10 k v 
 
 
 
 
 
 
 
 
 
 
 


+ -v2 

v2 

10 k 


+

10 k

vo v3

20 k

 
30 k

1
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Using eq. (5.18),   1 2 3 42 ,  R 30 ,  R 2 ,  R 20R k k k k       

2 1
30(1 2/30) 30 32 (2) 15(1) 14.09 V
2(1 2/20) 2 2.2ov v V

    


 

 
= 14.09 V. 
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We can break this problem up into parts.  The 5 mV source separates the lower 
circuit from the upper.  In addition, there is no current flowing into the input of 
the op amp which means we now have the 40-kohm resistor in series with a 
parallel combination of the 60-kohm resistor and the equivalent 100-kohm 
resistor. 

 
 
 
 
 
 
 
 
 
 +10 mV 
 
 
 
 
 
 
 
 
 

 
Thus, 40k + (60x100k)/(160) = 77.5k  
 
which leads to the current flowing through this part of the circuit, 
 
 i = 10 m/77.5k = 129.03x10–9 A 
 
The voltage across the 60k and equivalent 100k is equal to, 
 
 v = ix37.5k = 4.839 mV 
 
We can now calculate the voltage across the 80-kohm resistor. 
 
 v80 = 0.8x4.839 m = 3.87 mV  
 
which is also the voltage at both inputs of the op amp and the voltage between the 
20-kohm and 80-kohm resistors in the upper circuit.  Let v1 be the voltage to the 
left of the 20-kohm resistor of the upper circuit and we can write a node equation 
at that node. 
 



 (v1–10m)/(10k) + v1/30k + (v1–3.87m)/20k = 0 
 
or 6v1 – 60m + 2v1 + 3v1 – 11.61m = 0 
 
or v1 = 71.61/11 = 6.51 mV. 
 
The current through the 20k-ohm resistor, left to right, is, 
 
 i20 = (6.51m–3.87m)/20k = 132 x10–9 A 
 
thus, vo = 3.87m – 132 x10–9x80k = –6.69 mV. 
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 R1 = R3 = 20k, R2/(R1) = 4 
 
 i.e. R2 = 4R1 = 80k = R4  
 

Verify: 1
1

2
2

43
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   1212 vv4v4v
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

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Thus,  R1 = R3 = 20 k,  R2 = R4 = 80 k. 
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(a)  We use a difference amplifier, as shown below: 
 
 RR   1 2

v 1 
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v 1212
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o   i.e. R2/R1 = 2.5 

If  R1  =  100 k  then  R2 =  250k 
 
 

(b)  We may apply the idea in Prob. 5.35. 
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i.e.  Rf = R, R1 = R/2.5 = R2 

 
We need an inverter to invert v1 and a summer, as shown below.  We may let R = 
100 k. 
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We achieve this by cascading an inverting amplifier and two-input inverting summer as 
shown below: 
    
 
 R 
 
 
 
 
 
 
 
 
 
 
 
 
Verify:   
 

vo = -va - v2 
But  va = -v1. Hence 
  vo = v1 - v2. 


+ va 

v1 

R  
R

R  


+

vo v2

R  
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Design an op amp circuit such that 
 
vo = 4v1 + 6v2 – 3v3 – 5v4  
 
Let all the resistors be in the range of 20 to 200 k. 
 

Solution 
 
A summing amplifier shown below will achieve the objective.  An inverter is 
inserted to invert v2.  Since the smallest resistance must be at least 20 kÝ, then let 
R/6 = 20kÝ therefore let R = 120 kÝ. 
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 (a) 
 
 R   R1 2
 v1 
 
 
 
 
 
 
 
 
At node a, 
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But va = vb.  Setting (1) and (2) equal gives 
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(b) 
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2/R

vv

R

vv

2/R

vv

1

aA

g

AB

1

A1 






 

 

or    aAAB
g

1
A1 vvvv

R2

R
vv      (1) 

 

At node B, 
g

bB

1

AB

1

B2

R

vv

2/R

vv

2/R

vv 






 

 

or  bBAB
g

1
B2 vv)vv(

R2

R
vv      (2) 

 
Subtracting (1) from (2), 
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But for the difference amplifier, 
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(c) At node a, 
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Since va = vb, we subtract (1) from (2), 
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At node A, 
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Chapter 5, Solution 54. 
The first stage is a summer (please note that we let the output of the first stage be v1). 
   

 





  os1 v

R

R
v

R

R
v  = –vs – vo  

 
The second stage is a noninverting amplifier 
 
 vo = (1 + R/R)v1 = 2v1 = 2(–vs – vo)  or 3vo = –2vs  
 

vo/vs = –0.6667. 
 
 



Chapter 5, Solution 55. 
 
 Let A1 = k, A2 = k, and A3 = k/(4) 
 A = A1A2A3 = k3/(4) 
  42ALog20 10 
    A = 101.2ALog10  2 1 = 125.89 

 k3 = 4A = 503.57 

 k = 956.757.5033   
 
Thus  
 

A1 = A2 = 7.956, A3 = 1.989 



Chapter 5, Solution 56. 
 

Using Fig. 5.83, design a problem to help other students better understand cascaded op 
amps. 

 
Although there are many ways to work this problem, this is an example based on the 
same kind of problem asked in the third edition. 
 
Problem 
 
 
Calculate the gain of the op amp circuit shown in Fig. 5.83. 

 
  10 k 40 k 
 
 
 1 k 
  20 k 
 +   
 vi  

 – 

–
+

–
+

 
 
  Figure 5.83 For Prob. 5.56. 

 
 
 
 
 

Solution 
 
 
Each stage is an inverting amplifier.  Hence, 
 

10 40( )( ) 2
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v
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Chapter 5, Solution 57. 
 
Let v1 be the output of the first op amp and v2 be the output of the second op amp. 
 
The first stage is an inverting amplifier. 

 1 1
50 2
25 s sv v    1v  

The second state is a summer. 
  
 v2 = –(100/50)vs2 – (100/100)v1 = –2vs2 + 2vs1  
 
The third state is a noninverting amplifier 
 

2 2 1
100(1 ) 3 6 6
50o sv v v v     2sv  



Chapter 5, Solution 58. 
 

Looking at the circuit, the voltage at the right side of the 5-kɋ resistor must be at 0V if 
the op amps are working correctly.  Thus the 1-kɋ is in series with the parallel 
combination of the 3-kɋ and the 5-kɋ.  By voltage division, the input to the voltage 
follower is: 

 

 V3913.0)6.0(
531

53
v1 


 = to the output of the first op amp. 

 
Thus, 

 vo = –10((0.3913/5)+(0.3913/2)) = –2.739 V. 
 
 





k4
v0

i o
o   684.8 µA. 
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The first stage is a noninverting amplifier.  If v1 is the output of the first op amp, 
 
 v1 = (1 + 2R/R)vs = 3vs  
 
The second stage is an inverting amplifier 
 
 vo = –(4R/R)v1 = –4v1 = –4(3vs) = –12vs  

 
 

vo/vs = –12. 
 
 



Chapter 5, Solution 60. 
The first stage is a summer.  Let V1 be the output of the first stage. 
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By voltage division, 
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Combining (1) and (2), 
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The first op amp is an inverter.  If v1 is the output of the first op amp, 
 
 V1 = –(200/100)(0.4) = –0.8 V 
 
The second op amp is a summer 

 
Vo = –(40/10)(–0.2) – (40/20)(–0.8) = 0.8 + 1.6  
 

= 2.4 V. 
 



Chapter 5, Solution 62. 
 
 Let v1 = output of the first op amp 
       v2 = output of the second op amp 
 
The first stage is a summer 
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The second stage is a follower.  By voltage division 
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Chapter 5, Solution 63. 
 
The two op amps are summers.  Let v1 be the output of the first op amp.  For the first 
stage, 
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For the second stage, 
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Combining (1) and (2), 
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                                                                                      G4  
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At node 1,   v1=0 so that KCL gives 
 

GvvGvG os  41  (1) 

 
At node 2, 
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From (1) and (2), 
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Chapter 5, Solution 65 
 
 
The output of the first op amp (to the left) is 6 mV.  The second op amp is an inverter so 
that its output is 
 

mV -18mV)6(
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30
' ov  

The third op amp is a noninverter so that 
 

mV 6.21'
40

48

840

40
' 


 oooo vvvv  

 
 
 
 
 



Chapter 5, Solution 66. 
 

We can start by looking at the contributions to vo from each of the sources and the fact 
that each of them go through inverting amplifiers.   
 
The 6 V source contributes –[100k/25k]6; the 4 V source contributes  
–[40k/20k][–(100k/20k)]4; and the 2 V source contributes –[100k/10k]2 or  
 

)2(
10

100
)4(

20

100

20

40
)6(

25

100










ov  

 
 204024  –4V 

 
 



Chapter 5, Solution 67. 
 

 vo = )7.0(
20

80
)3.0(

20

80

40

80







  

  2 V.  8.28.4
 
 



Chapter 5, Solution 68. 
 

If Rq = , the first stage is an inverter. 
 

 mV45)15(
5

15
Va   

 
when Va is the output of the first op amp. 
 
The second stage is a noninverting amplifier. 
 

 





  )45)(31(v

2

6
1v ao –180mV. 

 
 



Chapter 5, Solution 69. 
 

In this case, the first stage is a summer 
 

 ooa v5.145v
10

15
)15(

5

15
v   

 
For the second stage, 
 

  oaao v5.1454v4v
2

6
1v 






   

     180v7 o  
7

180
vo  –25.71 mV. 

 
 



Chapter 5, Solution 70. 
 
 The output of amplifier A is 
 

 9)2(
10

30
)1(

10

30
vA   

 
The output of amplifier B is 
 

 14)4(
10

20
)3(

10

20
vB   

 
 
 
 

40 k 
 

20 k  
 
 
 
 
 
 
 
 
 
 
 

V2)14(
1060

10
vb 


  

 

At node a, 
40

vv

20

vv oaaA 



 

 
But va = vb = -2V, 2(-9+2) = -2-vo     

 

Therefore, vo = 12V 
  
 

10 k

 
+ 

60 k 

b 

a 

vA 

vB vo 
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                                            20k  
                      5k   100k   
                       

                  -                               40k   
                  + 

  +                                                      v2  
1.5 V                                                                     80k                     -  

 –                                  10k      +                     + 
 
                            vo 

 20k  
                            - 
 
                     -                  10k  
                    +        v1                        + 
                                                         -              v3 
 
  + 

2.25V                                                     50k  
 –                                   30k    
  
  
 

6v)
30

50
1(v,6)5.1(

5

20
v,25.2v 1321   
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




  )5.715(v

80

100
v

40

100
v 32o 7.5 V. 

 



Chapter 5, Solution 72. 
 

Since no current flows into the input terminals of ideal op amp, there is no voltage 
drop across the 20 k resistor.  As a voltage summer, the output of the first op 
amp is 
  v01 = 1.8 V 
 
The second stage is an inverter 

 

 012 v
100

250
v   

 )8.1(5.2  –4.5 V. 
 
 



Chapter 5, Solution 73. 
 
The first stage is a noninverting amplifier.  The output is 

 Vvo 8.108.1)8.1(
10

50
1   

 
The second stage is another noninverting amplifier whose output is 

 01vvL 10.8V 

 
 
 



Chapter 5, Solution 74. 
 
 Let v1 = output of the first op amp 
  v2 = input of the second op amp. 
 

The two sub-circuits are inverting amplifiers 
 

  V9)9.0(
10

100
v1   

  V12)6.0(
6.1

32
v2   

  






k20

129

k20

vv
i 21

o  150 A. 

 
 
 
 



Chapter 5, Solution 75. 
 
The schematic is shown below.  Pseudo-components VIEWPOINT and IPROBE are involved as 
shown to measure vo and i respectively.  Once the circuit is saved, we click Analysis | Simulate.  
The values of v and i are displayed on the pseudo-components as: 

i  =  200 A 
 

(vo/vs)  =  -4/2 =  –2 
 
The results are slightly different than those obtained in Example 5.11. 

 

 
 



Chapter 5, Solution 76. 
 
The schematic is shown below.  IPROBE is inserted to measure io.  Upon simulation, the value 
of io is displayed on IPROBE as 
 

io  =  –562.5 A 
 

 
 
 
 

11.25V 

–19.358uV 
0.750V 

375mV –936.8mV 750 mV 

2 kÝ 

–11.25V 



Chapter 5, Solution 77. 
 
The schematic for the PSpice solution is shown below.   
 
Note that the output voltage, –6.686 mV, agrees with the answer to problem, 5.48. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6.510mV 

3.872mV 

–6.686mV 

3.872mV 

4.838mV 
0.0100V 



Chapter 5, Solution 78. 
 
The circuit is constructed as shown below.  We insert a VIEWPOINT to display vo.  Upon 
simulating the circuit, we obtain, 
 

vo  =  667.75 mV 

 
 



Chapter 5, Solution 79. 
 
The schematic is shown below.   
 
 

vo  =  –4.992 V 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

U1
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+
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-
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V
+
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V
-

4
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6

OS1
1

OS2
5

V1
20Vdc

V2
20Vdc

20.00V

0

0

0V

V3
20Vdc

20.00V

V4
20Vdc

0

0

V5
1Vdc

V6
5Vdc

0

0V

R1

20k

R2

10k

R3

20k

R4

10k

R5

40k

R6
100k

5.000V
1.666V

1.666V

1.000V

1.000V

2.000V

-4.992V

0V

-20.00V

 
 
 
Checking using nodal analysis we get, 
 

For the first op-amp we get va1 = [5/(20+10)]10 = 1.6667 V = vb1. 
 
For the second op-amp, [(vb1 – 1)/20] + [(vb1 – vc2)/10] = 0 or vc2 = 10[1.6667–1)/20] + 
1.6667  = 2 V;  
 
[(va2 – vc2)/40] + [(va2 – vc1)/100] = 0; and vb2 = 0 = va2.  This leads to vc1 = –2.5vc2.  
Thus, 
 

= –5 V. 
 



Chapter 5, Solution 80. 
 
 
The schematic is as shown below.  After it is saved and simulated, we obtain 
   

vo = 2.4 V. 
 
 

 
 
 
 



Chapter 5, Solution 81. 
 
The schematic is shown below.  We insert one VIEWPOINT and one IPROBE to measure vo 
and io respectively.  Upon saving and simulating the circuit, we obtain,  

vo  =  343.4 mV 
 

io  =  24.51 A 
 

 
 
 



Chapter 5, Solution 82. 
 
The maximum voltage level corresponds to 
 

11111  =  25 – 1  =  31 
 
Hence, each bit is worth   (7.75/31)  =  250 mV 
 
 
 



Chapter 5, Solution 83. 
 
The result depends on your design.  Hence, let RG =  10 k ohms, R1  =  10 k ohms, R2  =  20 k 
ohms, R3  =  40 k ohms, R4  =  80 k ohms, R5  =  160 k ohms, R6  =  320 k ohms, then, 

-

 

 
vo  =  (Rf/R1)v1 +  ---------  + (Rf/R6)v6 

 
= v1 + 0.5v2 + 0.25v3 + 0.125v4 + 0.0625v5 + 0.03125v6 

 
(a) |vo| = 1.1875  =  1 + 0.125 + 0.0625 =  1 + (1/8) + (1/16)  which implies, 

 
[v1 v2 v3 v4 v5 v6]  =  [100110]

 
 (b) |vo| =  0 + (1/2) + (1/4) + 0 + (1/16) + (1/32) = (27/32) = 843.75 mV 
 
 
 (c) This corresponds to [1 1 1 1 1 1]. 
 
  |vo| =  1 + (1/2) + (1/4) + (1/8) + (1/16) + (1/32) = 63/32 = 1.96875 V 
 
 
 



Chapter 5, Solution 84. 
 
 
(a) The easiest way to solve this problem is to use superposition and to solve for each 

term letting all of the corresponding voltages be equal to zero.  Also, starting with 
each current contribution (ik) equal to one amp and working backwards is easiest. 

 
 
 2R R R R 
 
 
 
 
 
 
 
 
 
 
 
 
 

For the first case, let v2  =  v3  =  v4  =  0, and i1  =  1A. 

 

 
Therefore, v1  =  2R volts  or i1  =  v1/(2R). 
 
Second case, let v1  =  v3  =  v4  =  0, and i2  =  1A.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Simplifying, we get, 
 
 

v4 

 
+ 
 v3 

 
+ 
 v2 

 
+ 
 

2R 

v1 

 
+ 
 

2R 2R 2R 
ik 

2R R R R 

v2 

 
+ 
 

2R 

2R 2R 2R 
i2 



 
2R  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Therefore, v2  =  1xR + (3/2)(2R) = 4R volts  or i2  =  v2/(4R) or i2 = 
0.25v2/R.  Clearly this is equal to the desir thed 1/4 .   

 
 
Now for the third case, let v1  =  v2  =  v4  =  0, and i3  =  1A.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The voltage across the 5R/3-ohm resistor is 5R/2 volts.  The current through the 
2R resistor at the top is equal to (5/4) A and the current through the 2R-ohm 
resistor in series with the source is (3/2) + (5/4) = (11/4) A.  Thus, 
 

1A 

R 

2R 

 
+ 

2 v  

2R 

1.5

5R/3 

2R 

 
+ 

v3  



v3 = (11/2)R + (5/2)R = (16/2)R = 8R volts or i3 = v3/(8R) or 0.125v3/R.  Again,
we have the desired result. 

 

 
 
For the last case, v1 = v2 = v3 and i4 = 1A.  Simplifying the circuit we get,
 
 
 

R R R  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

v4

 
+ 
 

1A 
2R 2R 2R 

2R 

5R/3 R 

v4

 
+ 
 

1.5A 
2R 2R 

2R 



 
21R/11  

 
 
 
 
 
 
 
 
 
 
 
 
 
Since the current through the equivalent 21R/11-ohm resistor is (11/4) amps, the 
voltage across the 2R-ohm resistor on the right is (21/4)R volts.  This means the 
current going through the 2R-ohm resistor is (21/8) A.  Finally, the current going 
through the 2R resistor in series with the source is ((11/4)+(21/8)) = (43/8) A. 
 
Now, v4 = (21/4)R + (86/8)R = (128/8)R = 16R volts or i4 = v4/(16R) or 
0.0625v4/R.  This is just what we wanted. 
 
 
 

(b) If Rf = 12 k ohms and R = 10 k ohms, 
 

-vo  =  (12/20)[v1 + (v2/2) + (v3/4) + (v4/8)] 
 

=  0.6[v1 + 0.5v2 + 0.25v3 + 0.125v4] 
 
For  [v1 v2 v3 v4]  =  [1 0 11], 

 

 
|vo|  =  0.6[1 + 0.25 + 0.125]  =  825 mV 

 
For  [v1 v2 v3 v4]  =  [0 1 0 1],
 

|vo|  =  0.6[0.5 + 0.125]  =  375 mV 
 

 
 
 

v4

 
+ 
 

11/4A 
2R 

2R 



Chapter 5, Solution 85. 
This is a noninverting amplifier. 
 
 vo = (1 + R/40k)vs = (1 + R/40k)2 
 
The power being delivered to the 10-kɋ give us 
 

 P = 10 mW = (vo)2/10k  or  vo = 42 10x10  = 10V 
 
Returning to our first equation we get 
 
 10 = (1 + R/40k)2  or  R/40k = 5 – 1 = 4 
 
Thus,    R = 160 kɋ. 
 
 
 
 



Chapter 5, Solution 86. 
 

Design a voltage controlled ideal current source (within the operating limits of the op 
amp) where the output current is equal to 200vs(t) µA. 
   
 
The easiest way to solve this problem is to understand that the op amp creates an output 
voltage so that the current through the feedback resistor remains equal to the input 
current. 

 
In the following circuit, the op amp wants to keep the voltage at a equal to zero.  So, the 
input current is vs/R = 200vs(t) µA = vs(t)/5k. 
 
Thus, this circuit acts like an ideal voltage controlled current source no matter what 
(within the operational parameters of the op amp) is connected between a and b.  Note, 
you can change the direction of the current between a and b by sending vs(t) through an 
inverting op amp circuit. 

b a 

 
+ 

5kɋ 

v (t) s

–
+



Chapter 5, Solution 87. 
 

            The output, va, of the first op amp is, 
 

va  =  (1 + (R2/R1))v1     (1)  

2 

1  

 

 
 Also,   vo  =   (-R4/R3)va + (1 + (R4/R3))v2  (2) 
 
 Substituting (1) into (2), 
 
    vo  =   (-R4/R3) (1 + (R2/R1))v1 + (1 + (R4/R3))v
 
 Or,   vo  = (1 + (R4/R3))v2  –  (R4/R3 + (R2R4/R1R3))v
 
 If   R4  =  R1  and  R3  =  R2, then,
 
    vo  = (1 + (R4/R3))(v2  –  v1) 
 
 which is a subtractor with a gain of   (1 + (R4/R3)). 
 
 



Chapter 5, Solution 88. 
 
 We need to find VTh at terminals a – b, from this, 
 

vo  = (R2/R1)(1 + 2(R3/R4))VTh  =  (500/25)(1 + 2(10/2))VTh 
 

=  220VTh 
 
 Now we use Fig. (b) to find VTh in terms of vi. 
 a 
 a 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

va  =  (3/5)vi,  vb  =  (2/3)vi 

 
VTh  =  vb – va  (1/15)vi 

 
(vo/vi)  =  Av  =  -220/15  =  -14.667 

 
 

30 k

80 k40 k 

20 k 

vi 

b 

(a) 

+  

vi 

b 

(b) 

30 k 20 k

40 k 80 k 



Chapter 5, Solution 89. 
 
A summer with vo = –v1 – (5/3)v2 where v2 = 6-V battery and an inverting amplifier
with v

 
1 = –12vs. 



Chapter 5, Solution 90. 
 
The op amp circuit in Fig. 5.107 is a current amplifier.  Find the current gain io/is of the 
amplifier. 
 

 
 
 
 
 
 
 
 
 
Figure 5.107 
For Prob. 5.90. 

 
Solution 
 
 Transforming the current source to a voltage source produces the circuit below, 
 
 At node b,  vb  =  (2/(2 + 4))vo  =  vo/3 
 

20 k 
 5 k 
 
 
 
 
 
 
 
 
 
 
 
 
 
 At node a,  (5is – va)/5  =  (va – vo)/20 

 

 

 
 But va = vb = vo/3. 20is – (4/3)vo  =  (1/3)vo – vo, or is  =  vo/30
 
    io  =  [(2/(2 + 4))/2]vo  =  vo/6 
 
    io/is  =  (vo/6)/(vo/30)  =  5

4 k5is 

 
+ 
 

+ 

vo 

 

 
+ 

a 

b 

io

2 k



Chapter 5, Solution 91. 
 
 
 
  
 
 
 
 
 
 
 
    io  =  i1 + i2     (1) 
 
 But   i1  =  is      (2) 
 
 R1 and R2 have the same voltage, vo, across them. 
 
   R1i1  =  R2i2,  which leads to  i2  =  (R1/R2)i1  (3) 

 

 

 
 Substituting (2) and (3) into (1) gives, 
 
   io  =  is(1 + R1/R2)
 
   io/is  =  1 + (R1/R2)  =  1 + 8/1  =  9
 
 
 

R2
R1

vo 
+ 

is i2

i1 io



Chapter 5, Solution 92 
 
The top op amp circuit is a non-inverter, while the lower one is an inverter.   The output 
at the top op amp is 
 
   v1  =  (1 + 60/30)vi  =  3vi 

 
 while the output of the lower op amp is 
 
   v2  =  -(50/20)vi  =  -2.5vi 

 
 Hence,  vo  =  v1 – v2  =  3vi + 2.5vi  =  5.5vi 

 
vo/vi  =  5.5 

 
 



Chapter 5, Solution 93. 
 
 R3
 
 
 R1 
 va 

  
 
 
 
 
 
 
 
 
 
 
 At node a, (vi – va)/R1  =  (va – vo)/R3 

 
   vi – va  =  (R1/R2)(va – vo) 
 
   vi + (R1/R3)vo  =  (1 + R1/R3)va   (1) 
 
 But va  =  vb  =  vL.  Hence, (1) becomes 
 
   vi =  (1 + R1/R3)vL – (R1/R3)vo   (2) 
 

io

v L 

= L 

  =  vo/(R4 + R2||RL),  iL  =  (R2/(R2 + RL))io  =  (R2/(R2 + RL))(vo/( R4 + R2||RL)) 
 
 Or,  vo  =  iL[(R2 + RL)( R4 + R2||RL)/R2   (3) 
 
 But,   vL  =  iLRL      (4) 
 
 Substituting (3) and (4) into (2), 
 

i  =  (1 + R1/R3) iLRL – R1[(R2 + RL)/(R2R3)]( R4 + R2||RL)i
 
 
 
 

  [((R3 + R1)/R3)RL – R1((R2 + RL)/(R2R3)(R4 + (R2RL/(R2 + RL))]i
 
   =  (1/A)iL 

 
 

+ 

vo 

 R2

+ i

iL

o

RL

R4

vb 

+ 

vi + 
 vL 

 



 Thus, 
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Please note that A has the units of mhos.  An easy check is to let every resistor equal 1-
ohm and vi equal to one amp.  Going through the circuit produces iL = 1A.  Plugging into 
the above equation produces the same answer so the answer does check. 
 



Chapter 6, Solution 1. 
 

   tt tee
dt

dv
Ci 33 625.7  15(1 – 3t)e-3t A 

 
p = vi  = 15(1–3t)e–3t  2t e–3t = 30t(1 – 3t)e–6t W. 
 
 
15(1 – 3t)e-3t A, 30t(1 – 3t)e–6t W 



Chapter 6, Solution 2. 
 

w(t) = (1/2)C(v(t))2 or (v(t))2 = 2w(t)/C = (20cos2(377t))/(50x10–6) = 
0.4x106cos2(377t) or v(t) = ±632.5cos(377t) V.  Let us assume that  v(t) = 
632.5cos(377t) V, which leads to i(t) = C(dv/dt) = 50x10–6(632.5)(–377sin(377t)) 
 

= –11.923sin(377t) A. 
 
  

Please note that if we had chosen the negative value for v,  
then i(t) would have been positive. 

 



Chapter 6, Solution 3. 
 
Design a problem to help other students to better understand how capacitors work. 
 
Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 
 

Problem 
 
In 5 s, the voltage across a 40-mF capacitor changes from 160 V to  
220 V.  Calculate the average current through the capacitor. 
 
 
Solution 
 
 

i = C 


 
5

160220
10x40

dt

dv 3  480 mA 



Chapter 6, Solution 4. 
 

)0(vidt
C

1
v

t

o
   

 

                           12.0)4cos(2.01)4cos(
4

8.0
1)4sin(4

5

1

0
0







  ttdtt

t
t

 

  
= [1.2 – 0.2 cos(4t)] V. 
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Chapter 6, Solution 6. 
 

61055  x
dt

dv
Ci  times the slope of the waveform. 

For example, for 0 < t < 2, 
 

  
310x2

10

dt

dv
  

 

i = mA
x

x
dt

dv
C 275

102

10
)1055(

3
6  
  

Thus the current i(t) is sketched below. 
 
 
 i(t) (mA) 
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4 8 
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Chapter 6, Solution 7. 
 

  


t

oo dttx
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tvidt
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v 10105
1025
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1 3
3

  

 

                            = 10
25

5.2 2t
[0.1t2 + 10] V. 

 



Chapter 6, Solution 8. 
 

(a)  tt BCeACe
dt

dv
Ci 600100 600100      (1) 

 
BABCACi 656001002)0(    (2) 

BAvv   50)0()0(     (3) 
Solving (2) and (3) leads to 
  A=61,  B=-11 
 

(b)   J 52500104
2

1
)0(

2

1
Energy 32   xxxCv  

 
(c )  From (1), 
 

  A4.264.241041160010461100 60010060031003 tttt eeexxxexxxi    
 



Chapter 6, Solution 9. 
 

v(t) =      
t

o

t

0

tt Vet120dte16
21

1
 =  12(t + e-t) – 12 

 
  v(2) = 12(2 + e-2) – 12 = 13.624 V 
 
  p = iv = [12 (t + e-t) – 12]6(1-e-t)  
 
  p(2) = [12 (2 + e-2) – 12]6(1-e-2)  = 70.66 W 
 
 



Chapter 6, Solution 10 
 
 

dt

dv
x

dt

dv
Ci 3105   

 














s4t316t,-64

s 3t116,

s10,16



tt

v  

 














s4t3,16x10-

s 3t10,

s10,1016

6

6



tx

dt

dv
 

 














s4t3kA, 80-

s 3t10,

s10,kA 80

)(



t

ti  

 





Chapter 6, Solution 12. 
 

iR = V/R = (30/12)e–2000t = 2.5 e–2000t and iC = C(dv/dt) = 0.1x30(–2000) e–2000t  
= –6000 e–2000t A.  Thus, i = iR + iC = –5,997.5 e–2000t.  The power is equal to: 
 

vi = –179.925 e–4000t W. 
 

 
 





Chapter 6, Solution 14. 
 
20 pF is in series with 60pF  = 20*60/80=15 pF 
30-pF is in series with 70pF = 30x70/100=21pF 
15pF is in parallel with 21pF = 15+21 = 36 pF 
 
 
 





Chapter 6, Solution 16 
 
 

F 2030
80

80
14 


 C

C
Cx

Ceq  

 
 
 



Chapter 6, Solution 17. 
 
 (a) 4F in series with 12F = 4 x 12/(16) = 3F 
  3F in parallel with 6F and 3F = 3+6+3 = 12F 
  4F in series with 12F = 3F 
  i.e. Ceq = 3F 

(b) Ceq = 5 + [6x(4 + 2)/(6+4+2)] = 5 + (36/12) = 5 + 3 = 8F 
(c) 3F in series with 6F = (3 x 6)/9 = 2F 

 1
3

1

6

1

2

1

C

1

eq

   

   Ceq = 1F 
 



Chapter 6, Solution 18. 
 
4 F in parallel with 4 F  = 8F 
4 F in series with 4 F = 2 F 
2 F in parallel with 4 F = 6 F 
Hence, the circuit is reduced to that shown below. 

 
 8F 
 
 
 
                            6 F 6 F 
 
 
 
 Ceq 

 
1 1 1 1 0.4583 2.1818 F

6 6 8 eq
eq

C
C

       

 
 
 



Chapter 6, Solution 19. 
 
We combine 10-, 20-, and 30-  F capacitors in parallel to get 60 F.  The 60 - F 
capacitor in series with another 60-  F capacitor gives 30  F. 
30 + 50 = 80 F,   80 + 40 = 120  F 
The circuit is reduced to that shown below. 

 
                                12                      120 
 
 
 

12 80 
      
      
      

120- F capacitor in series with 80 F gives (80x120)/200 = 48 
48 + 12 = 60 
60- F capacitor in series with 12 F gives (60x12)/72 = 10 µF 
 



Chapter 6, Solution 20. 
 
Consider the circuit shown below. 
 
 
 C1 

  
 
 C2 

 
 
 
 C3 

 
 
 
 

1 1 1 2C F    

2 2 2 2 6C F     
 

3 4 3 12C x F   

 
1/Ceq = (1/C1) + (1/C2) + (1/C3) = 0.5 + 0.16667 + 0.08333 = 0.75x106  
 

Ceq = 1.3333 µF. 
 
 



Chapter 6, Solution 21. 
 
 4F in series with 12F = (4x12)/16 = 3F 
 3F in parallel with 3F = 6F 
 6F in series with 6F = 3F 
 3F in parallel with 2F = 5F 
 5F in series with  5F = 2.5F 
 

Hence   Ceq = 2.5F 



Chapter 6, Solution 22. 
 
Combining the capacitors in parallel, we obtain the equivalent circuit shown below: 
 

a b  
 
 40 F 

 
 
 
 
 
 
 
 
Combining the capacitors  in series gives , where  1

eqC

 
10

1

30

1

20

1

60

1

C

1
1
eq

            = 10F 1
eqC

 
Thus 

 Ceq = 10 + 40 = 50 F 

30 F 60 F 

20 F 



Chapter 6, Solution 23. 
 
Using Fig. 6.57, design a problem to help other students better understand how capacitors work 
together when connected in series and parallel. 
 
Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 
 
Problem 
 

For the circuit in Fig. 6.57, determine: 
 

(a) the voltage across each capacitor, 
(b) the energy stored in each capacitor.  

 
 
 
 
 
 
 
 
 
 
Figure 6.57 

 

Solution 

 
(a) 3F is in series with 6F        3x6/(9) = 2F 

  v4F = 1/2 x 120 = 60V 
  v2F = 60V 

  v6F = 


)60(
36

3
20V 

  v3F = 60 - 20 = 40V 
 

(b) Hence w = 1/2 Cv2 
w4F = 1/2 x 4 x 10-6 x 3600 = 7.2mJ 
w2F = 1/2 x 2 x 10-6 x 3600 = 3.6mJ 
w6F = 1/2 x 6 x 10-6 x 400 = 1.2mJ 
w3F = 1/2 x 3 x 10-6 x 1600 = 2.4mJ 



Chapter 6, Solution 24. 
 
20F is series with 80F = 20x80/(100) = 16F   
14F is parallel with 16F = 30F 
(a) v30F = 90V 

v60F = 30V 
v14F = 60V 

v20F = 


60x
8020

80
48V 

v80F = 60 - 48 = 12V 
 

(b) Since w = 2Cv
2

1
 

w30F = 1/2 x 30 x 10-6 x 8100 = 121.5mJ 
w60F = 1/2 x 60 x 10-6 x 900 = 27mJ 
w14F = 1/2 x 14 x 10-6 x 3600 = 25.2mJ 
w20F = 1/2 x 20 x 10-6 x (48)2 = 23.04mJ 

w80F = 1/2 x 80 x 10-6 x 144 = 5.76mJ 





Chapter 6, Solution 26. 
 
 
(a) Ceq = C1 + C2 + C3 = 35F 
 
(b) Q1 = C1v = 5 x 150C = 0.75mC 

Q2 = C2v = 10 x 150C = 1.5mC 
Q3 = C3v = 20 x 150 = 3mC 
 

(c) w = J150x35x
2

1
vC

2

1 22
eq   = 393.8mJ 



Chapter 6, Solution 27. 
 

If they are all connected in parallel, we get  4 4 16TC x F F    
If they are all connected in series, we get 

 
1 4 1

4 T
T

C F
C F




    

All other combinations fall within these two extreme cases.  Hence, 
 

Cmin = 1 µF, Cmax = 16 µF 
 
 





Chapter 6, Solution 29. 
 
(a) C in series with C = C/(2) 
 
  C/2 in parallel with C = 3C/2 
 

  
2

C3
in series with C = 

5

C3

2

C
5

2

C3
Cx

   

 

  
5

C
3 in parallel with C = C + 

5

C
3   1.6 C 

 
(b) 
 
 

2C  
Ceq  

 2C 

 
 
 

C

1

C2

1

C2

1

C

1

eq

  

 
Ceq = 1 C 



Chapter 6, Solution 30. 
 

vo =  
t

o
)0(iidt

C

1   

For 0 < t < 1, i = 90t mA, 

kVttdt
x

v
t

oo
2

6

3

15090
103

10
 



 

vo(1) = 15 kV 
 
For 1< t < 2, i = (180 – 90t) mA, 

 vo =  


t

ovdtt
x 16

3

)1()90180(
103

10
 

 = [60t – 15t2 kVt 15] 1   

 = [60t – 15t2 – (60–15) + 15] kV = [60t – 15t2 – 30] kV 
 











21,]301560[

10,15
)(

2

2

tkVtt

tkVt
tvo  


















stmAt
stmA
sttmA

i
53,]306[

31,12

10,12

2  



Chapter 6, Solution 32. 
 
 

(a) Ceq = (12x60)/72 = 10  F 
 

Veevdte
x

v t
t

ttt 21332083502083)0(50
1012

10 2

0
0

2
1

2
6

3

1  




  

 

Veevdte
x

v t
t

ttt 7.4367.416207.416)0(50
1060

10 2

0
0

2
2

2
6

3

2  




  

 
 

(b) At  t=0.5s, 
 

4.2837.4367.416,7.136621332083 1
2

1
1   evev  

 

J 207.11)7.1366(1012
2

1 26
12   xxxw F  

 

mJ 2.803)4.283(1020
2

1 26
20   xxxw F  

J 1.6063)4.283(1040
2

1 26
40   xxxw F  

 
 



Chapter 6, Solution 33 
 

Because this is a totally capacitive circuit, we can combine all the capacitors using 
the property that capacitors in parallel can be combined by just adding their 
values and we combine capacitors in series by adding their reciprocals.  However, 
for this circuit we only have the three capacitors in parallel. 
 
 3 F + 2 F = 5 F (we need this to be able to calculate the voltage) 
  
 CTh = Ceq = 5+3+2 = 10 F 
 
The voltage will divide equally across the two 5 F capacitors.  Therefore, we get: 
 
   VTh =  15 V, CTh = 10 F. 
 
15 V, 10 F 



Chapter 6, Solution 34. 
 
i = 10e–t/2 

 2/3

2

1
)10(1010 tex

dt

di
Lv  






  

     = –50e-t/2 mV 
 
v(3) = –50e–3/2 mV =  –11.157 mV 
  
p = vi = –500e–t mW 

 
p(3) = –500e–3 mW = –24.89 mW. 



Chapter 6, Solution 35. 
 

3

3

3

160 10 6.4 mH
/ (100 50) 10

2 10

di v xv L L
dt di dt x

x







    


 

 
 
 



Chapter 6, Solution 36. 
 
Design a problem to help other students to better understand how inductors work. 
 
Although there are many ways to work this problem, this is an example based on the 
same kind of problem asked in the third edition. 
 
Problem 

 
The current through a 12-mH inductor is  2( ) 30  A,  t 0.ti t te    Determine:  (a) the 
voltage across the inductor,  (b) the power being delivered to the inductor at t = 1 s,  (c) 
the energy stored in the inductor at t = 1 s. 

 
Solution 
 
 
 
 
 

(a) 3 2 2 212 10 (30 60 ) (0.36 0.72 )  Vt tdiv L x e te t e
dt

        t  

(b)  2 2 4(0.36 0.72 1) 30 1 0.36 30 0.1978 Wp vi x e x x e x e         

(c)  2Li
2

1
w   = 0.5x12x10–3(30x1xe–2)2 = 98.9 mJ. 

 
 

 
 



Chapter 6, Solution 37. 
 

t100cos)100(4x10x12
dt

di
Lv 3  

 =  4.8 cos (100t) V 
 
p = vi = 4.8 x 4 sin 100t cos 100t = 9.6 sin 200t 
 

w =  t200sin6.9pdt
t

o

200/11

o 

 Jt200cos
200

6.9 200/11
o  

      96 mJ  mJ)1(cos48
 
Please note that this problem could have also been done by using (½)Li2. 



Chapter 6, Solution 38. 
 

 dtte2e10x40
dt

di
Lv t2t23    

 
=  0,)21(40 2   tmVet t



Chapter 6, Solution 39 
 

)0(iidt
L

1
i

dt

di
Lv t

0   

 

1dt)4t2t3(
10x200

1
i t

0
2

3
  

 

 

1)t4tt(5
t

0

23   

 
  i(t) = [5t3 + 5t2 + 20t + 1] A 
 
 



Chapter 6, Solution 40. 
 

5 , 0 2
10, 2 4

30 5 , 4 6

t t m
i t

t t

 
  
   

s
ms

ms
 

 
 

3

3

5, 0 2 25, 0 2
5 10 0, 2 4 0, 2 4
10

5, 4 6 25, 4 6

t ms t ms
di xv L t ms t ms
dt

t ms t m





    
        
        s

 

 
At t = 1ms,  v = 25 V 
At t = 3ms,  v = 0 V 

At t = 5ms,  v= –25 V 
 
 



Chapter 6, Solution 41. 
 

  





 t

o
t2t

0
Cdte120

2

1
Cvdt

L

1
i  

 

      = A7.4e5t10Ce
2

1
t10 t2t

o
t2 





    

 
Note, we get C = –4.7 from the initial condition for i needing to be 0.3 A.   
 
We can check our results be solving for v = Ldi/dt. 
 
 v = 2(10 – 10e–2t)V which is what we started with. 
 
At t = l s,  i = 10 + 5e-2 – 4.7 = 10 + 0.6767 – 4.7 = 5.977 A 
 

L
2

1
w  i2 =  35.72J 



Chapter 6, Solution 42. 
 

  
t

o

t

o
1dt)t(v

5

1
)0(ivdt

L

1
i  

For  0 < t < 1,   
t

0
1t21dt

5

10
i  A 

 
For 1 < t < 2, i = 0 + i(1) = 1A 
 

For 2 < t < 3, i =   1t2)2(idt10
5

1 2
t  

   = 2t - 3 A 
 
For 3 < t < 4, i = 0 + i(3) = 3 A 
 

For 4 < t < 5, i =  
t

4

t
4 3t2)4(idt10

5

1
 

   = 2t - 5 A 
 
Thus,  




















54,52

43,3

32,32

21,1

10,12

)(

tt
tA
tAt
tA
tAt

ti  



Chapter 6, Solution 43. 
 

w = L )(Li
2

1
)t(Li

2

1
idt

2t 2    

  010x60x10x80x
2

1 233    

  = 144 J. 



Chapter 6, Solution 44. 
 

(a)        3 3 400100 10 ( 400) 50 10 2  Vt t
L

div L x x x e e
dt

400  

(b) Since R and L are in parallel,     4002  Vt
R Lv v e  

(c) No 

(d) 2Li
2

1
w   = 0.5x100x10–3(0.05)2 = 125 µJ. 

 
 



Chapter 6, Solution 45. 
 

i(t) =  
t

o
)0(i)t(v

L

1
 

 
For 0 < t < 1, v = 5t 
 

 
t

o3
t5

10x10

1
i dt + 0 

 
   = 250t2  A 
 
For 1 < t < 2, v = -10 + 5t 
 

   

t

13
)1(idt)t510(

10x10

1
i  

     
t

1
kA25.0dt)1t5.0(

  = [1 – t + 0.25t2 ] kA 
 











stkAtt

stAt
ti

21,]25.01[

10,250
)(

2

2

 







Chapter 6, Solution 48. 
 

Under steady-state, the inductor acts like a short-circuit, while the capacitor acts like 
an open circuit as shown below. 
 
                                         i       
  
 + 
 
   5 mA 30k           v               20 k 

 
 – 

 
 
Using current division, 
  

i = (30k/(30k+20k))(5mA) = 3 mA 
 

v = 20ki  = 60 V 
  
 



Chapter 6, Solution 49. 
 

Converting the wye-subnetwork to its equivalent delta gives the circuit below. 
 
 
 30 mH 
 
 
 30mH 
                  5mH 
                                                       30 mH 
  
 
 
 
 
 30//0 = 0,  30//5 = 30x5/35=4.286 

 
30 4.28630//4.286 3.75 mH

34.286eq
xL     

 
 
 



Chapter 6, Solution 50. 
 

16mH in series with 14 mH  =  16+14=30 mH 
24 mH in series with 36 mH  =  24+36=60 mH 
30mH in parallel with 60 mH  =  30x60/90 = 20 mH 

 
 



Chapter 6, Solution 51. 
 

10

1

30

1

20

1

60

1

L

1
          L = 10 mH 

 

 
45

35x10
102510Leq   

 
= 7.778 mH 



Chapter 6, Solution 52. 
 
Using Fig. 6.74, design a problem to help other students better understand how inductors 
behave when connected in series and when connected in parallel. 
 
Although there are many ways to work this problem, this is an example based on the 
same kind of problem asked in the third edition. 
 
Problem 

 
Find Leq in the circuit of Fig. 6.74. 
 
 10 H 
  
 
 4 H 6 H 
 
 
 5 H  3 H 
       Leq 

 7 H 
 
 
   Figure 6.74 For Prob. 6.52. 
 

Solution 
 

5 155//(7 3 10//(4 6)) 5//(7 3 5)) 3.75  H
20eq
xL           

 
 



Chapter 6, Solution 53. 
 

 )48(6)128(58106Leq   

  
       416)44(816   

 
Leq = 20 mH 



Chapter 6, Solution 54. 
 

 126010)39(4Leq   

 
                   34)40(124   

 
    Leq = 7H 



Chapter 6, Solution 55. 
 
 
(a)  L//L = 0.5L,   L + L = 2L 
 

L
LL

LLx
LLLLLeq 4.1

5.02

5.02
5.0//2 


 = 1.4 L. 

 
(b)  L//L = 0.5L,   L//L  + L//L = L 
 

Leq  = L//L  = 500 mL 
 







Chapter 6, Solution 58. 
 
 


dt

di
3

dt

di
Lv 3 x slope of i(t). 

 
Thus v is sketched below: 
 
 
 v(t) (V) 
 6 
 
 
 
 

t (s)  
 
 
 
 
 
 
 
 

-6 

2 3 4 1 5 7 6 





Chapter 6, Solution 60 
 
 
 

 
8

15
5//3 eqL  

  tt
eqo ee

dt

d

dt

di
Lv 22 154

8

15    

 

  
t t

tt
t

ooo edteidttv
L

I
i

0 0

22

0

5.12)15(
5

1
2)0()(  

 
io = (0.5 + 1.5e–2t) A 

 



Chapter 6, Solution 61. 
 

(a)   20//(4 6) 20 10/30 6.667 mHeqL x     

Using current division, 
 

 1
10( )  mA

10 20
t

si t i e 


 

 

2( ) 2  mAti t e  
 

(b)  3 320 10 ( 3 10 ) 20  V
3

t ts
o eq

div L x e x e
dt

         

 

(c )      2 3 2 6
1

1 1 20 10 10 1.3534 nJ
2 2

w Li x x xe x  

 
 
 



Chapter 6, Solution 62. 
 
 

(a)    mH 40
80

6020
2560//2025 

x
Leq  

  


 t
tt

eq
eq ieidte

x
idttv

L
i

dt

di
Lv

0

33
3

3

)0()1(1.0)0(12
1040

10
)0()(

1

 
Using current division and the fact that all the currents were zero when the circuit was put 
together, we get, 

iiiii
4

1
,

4

3

80

60
21   

01333.0)0(01.0)0(75.0)0(
4

3
)0(1  iiii  

 

mA 67.2125e-  A  )08667.01.0(
4

1 3t-3
2   tei  

mA 33.367.2125)0(2 i  

  

 (b)  mA 6575e-    A)08667.01.0(
4

3 3t-3
1   tei  

mA 67.2125e-   -3t
2 i  





Chapter 6, Solution 64. 
 
 

(a) When the switch is in position A, 
  i= –6 = i(0) 
When the switch is in position B, 

8/1/,34/12)(  RLi   
 

/)]()0([)()( teiiiti   
 

i(t) = (3 – 9e–8t) A 
 
(b) -12 + 4i(0) + v=0, i.e.   v = 12 – 4i(0) = 36 V 
 
(c) At steady state, the inductor becomes a short circuit so that 
   

v = 0 V 
 
 



Chapter 6, Solution 65. 
 

(a)     22
115 )4(x5x

2

1
iL

2

1
w  40 J 

         2
20 )2)(20(

2

1
w  40 J 

(b) w = w5 + w20 = 80 J 

(c)   410xe50
200

1

5

1
)0(idte50

L

1
i

t

0

3t200
1

t

0
t200

1
1 






   

   = [5x10-5(e-200t – 1) + 4] A 
 

   210xe50
200

1

20

1
)0(idte50

L

1
i

t

0

3t200
2

t

0
t200

2
2 






   

    = [1.25x10-5 (e-200t – 1) – 2] A 
  
   
 
(d) i = i1 + i2 = [6.25x10-5 (e-200t– 1) + 2] A 



Chapter 6, Solution 66. 
 

If v=i, then 

 
di dt dii L
dt L i

    

Integrating this gives 

 









o
o C

i
ln)Cln()iln(

L

t
 i = Coet/L  

i(0) = 2 = Co 
  

i(t) = 2et/0.02 = 2e50t A. 
 

 
 



Chapter 6, Solution 67. 
 

  vi
RC

1
vo dt, RC = 50 x 103 x 0.04 x 10-6 = 2 x 10-3 

 


 t50sin10
2

10
v

3

o dt 

vo = 100cos(50t) mV 
 



Chapter 6, Solution 68. 
 

 vi
RC

1
vo dt + v(0), RC = 50 x 103 x 100 x 10-6 = 5 

vo =  
t

o
t20dt10

5

1
 

The op amp will saturate at vo =  12  
  
 -12 = -2t       t = 6s 





Chapter 6, Solution 70. 
 
One possibility is as follows: 
 

  50
RC

1
  

 

Let R = 100 k, F
xx

C 2.0
1010050

1
3
  

 





Chapter 6, Solution 72. 
 
The output of the first op amp is     
 

  i1 v
RC

1
v dt =  


t

o i63 2

t100
dtv

10x2x10x10

1
 

 
 = - 50t 
 

  io v
RC

1
v dt =   

t

o63
dt)t50(

10x5.0x10x20

1
 

 
 = 2500t2 
 
At t = 1.5ms,  
 5.625 mV  62

o 10x)5.1(2500v  





Chapter 6, Solution 74. 
 

RC = 0.01 x 20 x 10-3 sec 
 

 secm
dt

dv
2.0

dt

dv
RCv i

o   

 

  














4t3,V2

3t1,V2

1t0,V2

vo

 
Thus vo(t) is as sketched below: 

 
 
 v (t) (V) o

2  
 
 
 
 t (ms) 
 
 
 
 
 
 
 
 
 
 
 

-2 

1  2   3  



Chapter 6, Solution 75. 
 

,
dt

dv
RCv i

0    5.210x10x10x250RC  63 

 

 )t12(
dt

d
5.2vo  –30 mV 



Chapter 6, Solution 76. 
 

,
dt

dv
RCv i

o   RC = 50 x 103 x 10 x 10-6 = 0.5 









15t5,5

5t0,10

dt

dv
5.0v i

o  

 
The input is sketched in Fig. (a), while the output is sketched in Fig. (b). 
 
 v (t) (V) ov 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

(t) (mV) i

15 

(a) 

10 0 

100 

5 

t (ms) 

-10 

15 

(b) 

5 

t (ms) 

0 5 10 







Chapter 6, Solution 79. 
 
 

 
We can write the equation as 

)(4)( tytf
dt

dy
  

 
which is implemented by the circuit below. 
 
                        1 V           t=0 
 
 
                                  C                                              R                                     R 
 
                   R                                               
                                                    R/4                                           R 
   dy/dt                   -                                                -                                   - 

                        +         -y                                   +                                   + 
                                                   R                                                                           dy/dt 

 
                                       f(t) 
 
 



Chapter 6, Solution 80. 
 
From the given circuit, 
 

 
dt

dv

k200

k1000
v

k5000

k1000
)t(f

dt

vd o
o2

o
2








  

 
or 
 

)(25
2

2

tfv
dt

dv
dt

vd
o

oo   

 
 
 



Chapter 6, Solution 81 
 

We can write the equation as  

)(25
2

2

tfv
dt

vd
  

 
which is implemented by the circuit below. 
 
 
                                       C                                    C         
                                                                                                                         R 
 
             R 
                                    -                    R                                      R/5 
 d2v/dt2                                    +                                      -                                          
                                              -dv/dt                      +         v                              - 
                                                                                                                        +          d2v/dt2                                     
                                                                                              R/2 
                                                                             f(t) 
 
 
 



Chapter 6, Solution 82 
 
 
 
The circuit consists of a summer, an inverter, and an integrator.  Such circuit is shown 
below.  
 
                                                    10R                                              R 
 
 
                              R                                             R 
                                                    -                                                    
       +                                                  -                      vo 

                                                                                                        + 
          R    
       
 
                                            C=1/(2R) 
 
 
                              R 
                                                - 
         +                                     + 
         vs 
          -     
     
 
 
 
 
 
 





Chapter 6, Solution 84. 
  
 v = L(di/dt) = 8x10–3x5x2ˊsin(ˊt)cos(ˊt)10–3 = 40ˊsin(2ˊt) µV 
 
 p = vi = 40ˊsin(2ˊt)5sin2(ˊt)10–9 W, at t=0 p = 0W 
 

 2 3 2 3 2 91 1 8 10 [5sin ( /2) 10 ] 4 25 10 100 nJ
2 2

w Li x x x x x x       

 
= 100 ɖJ 

 
 



Chapter 6, Solution 85. 
 
It is evident that differentiating i will give a waveform similar to v.  Hence, 

 
dt

di
Lv   

 

 








ms2t1,t48

ms1t0,t4
i  

 

 















ms2t1,L4000

ms1t0,L4000

dt

di
Lv  

 

But, 







ms2t1,V5

ms1t0,V5
v  

 
Thus, 4000L = 5  L = 1.25 mH in a 1.25 mH inductor 
 
 
 



Chapter 6, Solution 86. 
 

             10 3 10 10 1012 2 200 10 ( 20 2 ) (0.4 20 )  Vt t t
R L

div v v Ri L x te x x te e t e
dt

t

 
 
 



Chapter 7, Solution 1. 
 

(a) =RC = 1/200 

For the resistor,  V=iR= 200 200 3 5656 8Re 10 7 k
8

t te x R        

3

1 1 0.7143
200 200 7 10

C F
R X X

    

 
(b)  =1/200= 5 ms 
(c)  If value of the voltage at = 0 is 56 . 

 

  200 2001 56 56 2
2

t tx e e  

 

   
1200 ln2 ln2 3.466 ms

200o ot t  

 
 



Chapter 7, Solution 2. 
 

CR th  

where  is the Thevenin equivalent at the capacitor terminals. thR

 
 601280||120R th  

 -31020060 12 s. 



Chapter 7, Solution 3. 
 

R = 10  +20//(20+30)   =10  +  40x50/(40 + 50)=32.22  k 
 

3 1232.22 10 100 10 3.222 SRC X X X     

 
 



Chapter 7, Solution 4. 
 

For  t<0,  v(0-)=40 V. 
 
For t >0.  we have a source-free RC circuit. 
  3 62 10 10 10 0.02RC x x x   

/ 50( ) (0) 40  Vt tv t v e e    
 

 
 





 V / /( ) (0) 16t tv t v e e   3

/ 3 / 31 1( ) ( )16 1.778  A
3 3

t tdvi t C e e
dt

        

 
 



Chapter 7, Solution 6.   
 
 

Ve667.6)t(v

25

2
10x2x10x40RC,ev)t(v

V667.6)40(
210

2
)0(vv

t5.12

36/t
o

o














 

 
 
 





Chapter 7, Solution 8. 
 

(a) 
4

1
RC   

dt

dv
Ci-   

 Ce-4))(10(Ce0.2- -4t-4t mF5  


C4

1
R 50  

(b) 
4

1
RC s25  .0

(c)  )100)(105(
2

1
CV

2

1
)0(w 3-2

0C mJ250  

(d)   02t-2
0

2
0R e1CV

2

1
CV

2

1

2

1
w  

2

1
ee15.0 00 8t-8t-   

or  2e 08t 

 )2(ln
8

1
t 0 ms6.86  



Chapter 7, Solution 9. 
 

For t < 0, the switch is closed so that 

 4(0) (6) 4 V
2 4ov  


 

For t >0, we have a source-free RC circuit. 
  3 33 10 4 10 12RC x x x s   
 

vo(t) = vo(0)e–t/Ű = 4e–t/12 V. 



Chapter 7, Solution 10. 
 

For t<0,  
3(0 ) (36 ) 9 V

3 9
v V  


 

For t>0, we have a source-free RC circuit 
   3 63 10 20 10 0.06RC x x x s   
 

vo(t) = 9e–16.667t V 
 

Let the time be to. 
3 = 9e–16.667to  or  e16.667to = 9/3 = 3 
 

to = ln(3)/16.667 = 65.92 ms. 
 
 

 





Chapter 7, Solution 12.  
 
Using Fig. 7.92, design a problem to help other students better understand source-free RL 
circuits. 
 
Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 
 
Problem 
 
The switch in the circuit in Fig. 7.90 has been closed for a long time.  At t = 0, the switch is 
opened.  Calculate i(t) for t > 0. 
 

 
 
Figure 7.90 

 

Solution 

 
When t < 0, the switch is closed and the inductor acts like a short circuit to dc.  The 4  resistor 
is short-circuited so that the resulting circuit is as shown in Fig. (a). 

3  

 

 

A4
3

12
)0(i   

Since the current through an inductor cannot change abruptly, 
A4)0(i)0(i)0(i    

2 H 4 

(b) 

12 V + 
 

(a) 

i(0-) 



 
When t > 0, the voltage source is cut off and we have the RL circuit in Fig. (b). 

5.0
4

2

R

L
  

Hence, 
 t-e)0(i)t(i Ae4 -2t  



Chapter 7, Solution 13. 
 

(a) 3

1 1
10

ms  
= 1 ms.

 

 
v(t) = i(t)R = 80e–1000t V = R5e–1000tx10–3 or R = 80,000/5 = 16 kÝ. 
 
But  Ű = L/R = 1/103 or L = 16x103/103 = 16 H. 
 
 
(b)  The energy dissipated in the resistor is 

  

 
 

= 200(1–e–1)x10–6 = 126.42 µJ. 
 
 

(a)  16 kÝ, 16 H, 1 ms (b)  126.42 µJ 



Chapter 7, Solution 14. 
 
 

60 40(40 20)//(10 30) 24
100Th

xR k       

3

3

5 10/ 0.2
24 10

xL R s
x

083 


    

 
 



Chapter 7, Solution 15   
 
 

(a)  s5.010/5
R

L
,1040//102R

Th
Th   

(b)  ms 25.080/)1020(,4048160//40 3  x
R

L
R

Th
Th   

 
 
 

(a)  10 Ý, 500 ms (b)  40 Ý, 250 µs 
 



Chapter 7, Solution 16.  
 

eq

eq

R

L
  

(a) LLeq   and 
31

31312

31

31
2eq RR

RR)RR(R

RR

RR
RR







  

31312

31

RR)RR(R

)RR(L




 

 

(b) where 
21

21
eq LL

LL
L


  and 

21

21213

21

21
3eq RR

RR)RR(R

RR

RR
RR







  

)RR)RR(R()LL(

)RR(LL

2121321

2121




 



Chapter 7, Solution 17.  
 

  t- e)0(i)t(i ,  
16

1

4

41

R

L

eq

  

 
-16t6)( eti   

 
16t-16t- 6)16-)(41(183)( ee

dt

di
Litvo   

 
)t(vo –6e–16tu(t) V 



Chapter 7, Solution 18.  
 
  If , the circuit can be redrawn as shown below. 0)t(v 

 
 

5

6
3||2R eq  , 

3

1

6

5

5

2

R

L
  

-3tt- 5)0()( eeiti    

 3t--3)5(
5

2-

dt

di
-L)( etvo Ve -3t6  

+ 
0.4 H

R v (t) eq o

 i(t) 





 Chapter 7, Solution 20.    
 

(a) L50R
50

1

R

L
  

dt

di
Lv   

 LeLe -50t-50t -50))(30(90 60 mH 
 L50R  3 ɋ 

(b) 
50

1

R

L
ms20  

(c)  22 )30)(06.0(
2

1
)0(

2

1
iLw  27 J 

The value of the energy remaining at 10 ms is given by: 
 
w10 = 0.03(30e–0.5)2 = 0.03(18.196)2 = 9.933 J.   
 
So, the fraction of the energy dissipated in the first 10 ms is given by: 
 
(27–9.933)/27 = 0.6321 or 63.21%. 
 
 
 



Chapter 7, Solution 21.  
 
The circuit can be replaced by its Thevenin equivalent shown below. 

Rth 

 
+ V 2 H th  

 

V40)60(
4080

80
Vth 


  

R
3

80
R80||40R th   

R380

40

R

V
)(i)0(iI

th

th


  

1
380R

40
)2(

2

1
IL

2

1
w

2

2 









  

3

40
R1

380R

40



 

 
R  13.333 Ý 



Chapter 7, Solution 22.  
 

t- e)0(i)t(i ,  
eqR

L
  

 5120||5R eq , 
5

2
  

 
)t(i  10e–2.5t A 

 
Using current division, the current through the 20 ohm resistor is 

2.5t-
o e-2

5

i-
-i)(

205

5
i 


  

 
 oi20)t(v  –40e–2.5t V 

 



Chapter 7, Solution 23.  
 
Since the 2  resistor, 1/3 H inductor, and the (3+1)  resistor are in parallel, 
they always have the same voltage. 
 

-7.5)0(5.7
13

10

2

10
i- 


 i      

The Thevenin resistance  at the inductor’s terminals is thR

3

4
)13(||2R th  ,  

4

1

34

31

R

L

th

  

0,e-7.5)0()( -4tt-  teiti   

4t-e/3)-7.5(-4)(1
dt

di
Lvv oL  

ov 0,e10 -4t tV  




 Lx v
13

1
v 0,Ve5.2 -4t t  





Chapter 7, Solution 25. 
 

Design a problem to help other students to better understand singularity functions. 
 

Although there are many ways to work this problem, this is an example based on the 
same kind of problem asked in the third edition. 
 
Problem 
 

Sketch each of the following waveforms. 
(a) i(t) = [u(t–2)+u(t+2)] A 
(b) v(t) = [r(t) – r(t–3) + 4u(t–5) – 8u(t–8)] V 

 
Solution 
 

The waveforms are sketched below. 
 

(a) i(t) (A) 
 
                         2 
 

1  
 
 

-2    -1    0     1      2     3     4             t 
 

(b) 
                    v(t) (V) 
 
 
 7 
 
 
 
 
                  3 
 
 
 
 0      1      2       3      4      5      6     7       8             t 
                –1 

0 8 

 
 





Chapter 7, Solution 27. 
 

v(t)=  [5u(t+1)+10u(t)–25u(t–1)+15u(t-2)] V 
 
 



Chapter 7, Solution 28.  
 
 i(t) is sketched below. 

 

-1 

2 3 0 1 4 

1 

t 

i(t) 

 
 



Chapter 7, Solution 29 
 
 

                                x(t) 
(a) 
 
 
 
 
                                                 3.679 
 
 
 
          
 
                                  0             1                                                       t 
 
(b)                       y(t) 
 
                        27.18 
 
 
 
 
 
 
 
           
 

0 t 
 
(c)    )1(6536.0)1(4cos)1(4cos)(  tttttz  , which is sketched below. 
 
                                     z(t) 
 
 
              1 
     0                                                                      t 
 
 
 
   –0.653ŭ(t–1) 



Chapter 7, Solution 30.  
 

 

(a)  


 1t
22 t4dt)1t(t4 4  

(b)  


 cos)t2cos(t4dt)5.0t()t2cos(t4 5.0t
2

-
2 1-  

 



Chapter 7, Solution 31.  
 

 

(a)    




 16-

2t
4t-

-

4t- eedt)2t(e
22 -910  112

(b)      




 115)t2cos(e5dt)t(t2cos)t(e)t(5 0t

t-

-

t- 7  

 



Chapter 7, Solution 32.   
 
 

(a)  11)(
111

  tddu
ttt

  

(b)  5.4
2

)1(0)1( 4
1

4

1

21

0

4

0

  t
t

dttdtdttr  

(c )  16)6()2()6( 2
2

5

1

2   ttdttt   

 



Chapter 7, Solution 33.  
 

 

)0(idt)t(v
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(a)   
 

)1()1(01)1()1()1(
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

tttttu

tuttutu
dt
d




 

(b)    
 

)6()2(01)6()2()6(

)2()6()2( )6(





tuttuttr

tutututr
dt
d


 

 

(c)    

 

)3(5366.0)3( 4cos4

)3(34sin)3( 4cos4

)3(4sin)3( 4cos4)3( 4sin






ttut
txtut

tttuttut
dt
d






 

 



Chapter 7, Solution 35. 
 
(a) 

2 , (0)tv Ae v A  1 

2

 
v(t) = –e–2tu(t) V 

(b) 
3 / 2 , (0)ti Ae i A   

i(t) = 2e–1.5tu(t) A 
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(a) 0  t,eBA)t(v -t 

1A  ,  B10)0(v   or -1B   

)t(v  0t,Ve1 -t   
 

(b) 0t,eBA)t(v 2t   
-3A  , B-3-6)0(v   or -3B   

)t(v   0t,Ve13- 2t   
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Let  v = vh + vp,   vp =10. 
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Let   i = ip +ih 
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If  i(0) =0, then  A + 2/3 = 0, i.e.  A=-2/3.  Thus,  
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3
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Chapter 7, Solution 41.  
 
Using Fig. 7.108, design  a problem to help other students to better understand the step response 
of an RC circuit. 
 
Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 
 
Problem 
 

For the circuit in Fig. 7.108, find v(t) for t > 0. 
 

 
 
Figure 7.108 

Solution 

 

0)0(v  , 10)12(
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)(v   
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)30)(6(
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 23||6R eq , 4RC   

   t-e)(v)0(v)(v)t(v  
 
Using voltage division, 
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For t < 0, , 0)t(u  0)1t(u  , 0)0(v   
 
For 0 < t < 1, 1)1.0)(82(RC   

0)0(v  , 24)3)(8()(v   

   t-e)(v)0(v)(v)t(v  
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For t < 0, ,  1-t)(u 
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For 0 < t < 1, , 0)0(v  8)4)(2()(v   

1064R eq  , 5)5.0)(10(CR eq   

   t-e)(v)0(v)(v)t(v  
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Using Fig. 7.118, design a problem to help other students to better understand the step response 
of an RL circuit. 
 
Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 
 
Problem 
 

For the circuit in Fig. 7.118, find i(t) for t > 0. 
 

 
 
Figure 7.118 

Solution 

A2
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20
)0(i  ,  A2)(i 
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(a) Before t = 0, 
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
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i A5  

After t = 0,  t-e)0(i)t(i  

2
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4
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L
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)t(i Atue t )(5 2-  
 

(b) Before t = 0, the inductor acts as a short circuit so that the 2  and 4   
resistors are short-circuited. 

)t(i A6  
After t = 0, we have an RL circuit. 
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For t < 0,  0)t(vo 

For t > 0, , 10)0(i  5
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Let i(t) be the current through the inductor. 
For t < 0, ,  0vs  0)0(i   

For t > 0,  6)3||6(4R eq   Ý and 25.0
6
5.1

R
L

eq
 sec. 

 
At t =  Ð, the inductor becomes a short and the current delivered by the 18 volts 
source is Is = 18/[6+(3||4)] = 18/7.714 = 2.333 amps.  The voltage across the 4-
ohm resistor is equal to 18–6(2.333) = 18–14 = 4 volts.  Therefore the current 
through the inductor is equal to i(Ð) = 4/4 = 1 amp. 
 

   t-e)(i)0(i)(i)t(i  
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)t(vo [6e–4t]u(t) volts. 
 



Chapter 7, Solution 60.  
 

Let I be the inductor current. 

For t < 0,  0)0(i0)t(u 
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The current source is transformed as shown below. 

4  
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For t < 0, , 1)t-(u  2
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This is a very interesting problem which has both an ideal solution as well as a realistic solution.  
Let us look at the ideal solution first.  Just before the switch closes, the value of the voltage 
across the capacitor is zero which means that the voltage at both terminals input of the op amp 
are each zero.  As soon as the switch closes, the output tries to go to a voltage such that both 
inputs to the op amp go to 4 volts.  The ideal op amp puts out whatever current is necessary to 
reach this condition.  An infinite (impulse) current is necessary if the voltage across the capacitor 
is to go to 8 volts in zero time (8 volts across the capacitor will result in 4 volts appearing at the 
negative terminal of the op amp).  So vo will be equal to 8 volts for all t > 0.   
 
What happens in a real circuit?  Essentially, the output of the amplifier portion of the op amp 
goes to whatever its maximum value can be.  Then this maximum voltage appears across the 
output resistance of the op amp and the capacitor that is in series with it.  This results in an 
exponential rise in the capacitor voltage to the steady-state value of 8 volts. 
 

vC(t)  =  Vop amp max(1 – e-t/(RoutC)) volts, for all values of vC less than 8 V, 
 

=  8 V  when t is large enough so that the 8 V is reached. 
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Let  be the capacitor voltage. xv

For t < 0,  0)0(vx 
 
For t > 0, the 20 k and 100 k resistors are in series and together, they are in 
parallel with the capacitor since no current enters the op amp terminals.  
As t , the capacitor acts like an open circuit so that  
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 Ve148)t(v 3000t-
o  =  48(e–t/3000–1)u(t)V 
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We temporarily remove the capacitor and find the Thevenin equivalent at its 
terminals.  To find RTh, we consider the circuit below. 
 

 
                        Ro  
                                                                   20 k  
 
 
        RTh 
 
 
 

Since we are assuming an ideal op amp, Ro  = 0 and  RTh=20k .  The op amp circuit 
is a noninverting amplifier.  Hence, 
 

10(1 ) 2 6
10Th s sV v v    V  

The Thevenin equivalent is shown below. 
 20 k 
 
 

+ 
  6 V 
 v 10 F 
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+ 
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Thus, 
/ )( ) 6(1 , 0tv t e t    

where  3 620 10 10 10 0.2THR C x x x    
5( ) 6(1 ), 0tv t e t   V 

 
 



Chapter 7, Solution 72.  
 

The op amp acts as an emitter follower so that the Thevenin equivalent circuit is 
shown below. 

C 

 
Hence, 

   t-e)(v)0(v)(v)t(v  
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 Let v = capacitor voltage.  For t < 0, 0)0(v   

10 kÝ 

For t > 0, .   A10is 
 
Since the current through the feedback resistor is is, then  
 

vo = –isx104 volts = –10–5x104 = –100 mV. 
 
It is interesting to look at the capacitor voltage. 
 
 

R

v

dt

dv
Cis           

   t-e)(v)0(v)(v)t(v       
 
It is evident that 
 

1.0)1050)(102(RC 36    
 
At steady state, the capacitor acts like an open circuit so that  passes through R.  

Hence, 
si

V5.0)1050)(1010(Ri)(v 36
s    

 
Then the voltage across the capacitor is, 
 

v(t) = 500(1–e–10t) mV. 

is
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2 µF 

is
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+ + 

vo 
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The schematic is shown below.  For the pulse, we use IPWL and enter the corresponding 
values as attributes as shown.  By selecting Analysis/Setup/Transient, we let Print Step = 
25 ms and Final Step = 2 s since the width of the input pulse is 1 s.  After saving and 
simulating the circuit, we select Trace/Add and display –V(C1:2).  The plot of V(t) is 
shown below. 
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The schematic is shown below.  We click Marker and insert Mark Voltage Differential at 
the terminals of the capacitor to display V after simulation.  The plot of V is shown 
below.  Note from the plot that V(0) = 12 V and V() = -24 V which are correct. 
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(a) When the switch is in position (a), the schematic is shown below.  We insert IPROBE to 

display i.  After simulation, we obtain, 
 

i(0)  =  7.714 A 
 
from the display of IPROBE. 
 

 
 
(b) When the switch is in position (b), the schematic is as shown below.  For inductor I1, we 
let IC = 7.714.  By clicking Analysis/Setup/Transient, we let Print Step = 25 ms and Final Step = 
2 s.  After Simulation, we click Trace/Add in the probe menu and display I(L1) as shown below.  
Note that i() = 12A, which is correct. 
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When the switch is in position 1,  io(0) = 12/3 = 4A.  When the switch is in position 2, 
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(a) When the switch is in position A, the 5-ohm and 6-ohm resistors are short-circuited so 

that 
 
    0)0()0()0( 21  ovii  

 
but the current through the 4-H inductor is iL(0) =30/10 = 3A. 
 
(b) When the switch is in position B, 
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Chapter 7, Solution 82.  
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Chapter 7, Solution 83. 
 
 

sxxxRCvv 51010151034,0)0(,120)( 66    
 

)1(1206.85)]()0([)()( 510// tt eevvvtv     
 
Solving for t gives 
 st 16.637488.3ln510   
 
 speed = 4000m/637.16s = 6.278m/s 

 
 



Chapter 7, Solution 84. 
 

 
Let  Io be the final value of the current.  Then 

 
  50/18/16.0/),1()( /   LReIti t
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Chapter 7, Solution 85.  
 

(a) The light is on from 75 volts until 30 volts.  During that time we essentially have 
a 120-ohm resistor in parallel with a 6-µF capacitor. 

 
v(0) = 75, v(Ð) = 0, Ű = 120x6x10-6  = 0.72 ms 
 
v(t1) = 75  which leads to t30e /1t 

1 = –0.72ln(0.4) ms = 659.7 µs of lamp on 
time. 

 
(b)  s24)106)(104(RC -66 

 
Since    t-e)(v)0(v)(v)t(v  

   1t-
1 e)(v)0(v)(v)t(v    (1) 

   2t-
2 e)(v)0(v)(v)t(v    (2) 

 
Dividing (1) by (2), 



 )tt(

2

1 12e
)(v)t(v
)(v)t(v

 














)(v)t(v
)(v)t(v

lnttt
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1
120  












 )2(ln24
12030
12075

ln24t0 16.636 s 

 



Chapter 7, Solution 86.  
 

   t-e)(v)0(v)(v)t(v  
12)(v  ,  0)0(v 
  t-e112)t(v  

  0t-
0 e1128)t(v  

3

1
ee1

12

8
00 t-t-    

)3(lnt0   

 
For ,  k100R

s2.0)102)(10100(RC -63   

s2197.0)3(ln2.0t0   

 
For ,  M1R

s2)102)(101(RC -66   

s197.2)3(ln2t0   

 
Thus, 

s197.2ts2197.0 0   

 



Chapter 7, Solution 87.  
 

Let i be the inductor current. 
 

For t < 0, A2.1
100

120
)0(i   

 
For t > 0, we have an RL circuit 

1.0
400100

50

R

L



 , 0)(i   

   t-e)(i)0(i)(i)t(i  
-10te2.1)t(i   

 
At t = 100 ms = 0.1 s, 

 -1e2.1)1.0(i  441mA 
which is the same as the current through the resistor. 
 



Chapter 7, Solution 88.  
 

(a) s60  )10200)(10300(RC -123 
As a differentiator, 

ms6.0s60010T   

i.e.  minT ms6.0
(b) s60  RC 

As an integrator, 
s61.0T   

i.e.  maxT s6 
 



Chapter 7, Solution 89.  
 

Since s1T1.0   

s1
R

L
  

 
)101)(10200(10RL -63-6   

 
mH200L   

 



Chapter 7, Solution 90.  
 
We determine the Thevenin equivalent circuit for the capacitor  sC .

i
ps

s
th v

RR

R
v


 , psth R||RR   

Rth 

 
+ V Cth s 

 
The Thevenin equivalent is an RC circuit.  Since 

ps

s
ith RR

R

10

1
v

10

1
v


  


9
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Also, 
s15CR sth   

where 


 M6.0
326

)32(6
R||RR spth  
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Chapter 7, Solution 91.  
 

mA240
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Chapter 7, Solution 92.  
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which is sketched below. 

20 A 

i(t) 

-8 mA 

5 s

2 ms t 

(not to scale) 
 
 

 
 
 



Chapter 8, Solution 1. 
 
 
(a) At  t  =  0-, the circuit has reached steady state so that the equivalent circuit is 
shown in Figure (a). 
 
 
 
 
 
 
 
 
 
 
 
 
 

i(0-)  =  12/6  =  2A,  v(0-)  =  12V 
 

At  t  =  0+,  i(0+)  =  i(0-)  =  2A,  v(0+)  =  v(0-)  =  12V 
 
(b) For  t  >  0, we have the equivalent circuit shown in Figure (b). 
 

vL  =  Ldi/dt  or  di/dt  =  vL/L 
 
Applying KVL at  t  =  0+,  we obtain, 
 

vL(0+) – v(0+) + 10i(0+)  =  0 
 

vL(0+) – 12 + 20  =  0,  or  vL(0+)  =  -8 
 
Hence,   di(0+)/dt  =  -8/2  =  -4 A/s 
 
Similarly,  iC  =  Cdv/dt,  or  dv/dt  =  iC/C 
 

iC(0+)  =  -i(0+)  =  -2 
 

dv(0+)/dt  =  -2/0.4  =  -5 V/s 
 
(c) As t approaches infinity, the circuit reaches steady state. 
 

i()  =  0 A,  v()  =  0 V 
 

 

VS 

 
+ 
 6  

(a) 

(b) 

+ 

v 

 

10 H 

6  6  

+ 

10 F vL 

 





 
 25 k 20 k
 
 
 
 
 
 
 
 
 

60||20  =  15 kohms,  iR(0-)  =  80/(25 + 15)  =  2mA. 
 
By the current division principle, 
 

iL(0-)  =  60(2mA)/(60 + 20)  =  1.5 mA 
 

vC(0-)  =  0 
At  t  =  0+, 
 

vC(0+)  =  vC(0-)  =  0 
 

iL(0+)  =  iL(0-)  =  1.5 mA 
 

80 =  iR(0+)(25 + 20) + vC(0-) 
 

iR(0+)  =  80/45k  =  1.778 mA 
 
 
But,    iR  =  iC + iL 
 

1.778  =  iC(0+) + 1.5  or  iC(0+)  =  0.278 mA 
 
(b) vL(0+)  =  vC(0+)  =  0 
 

But, vL  =  LdiL/dt  and  diL(0+)/dt  =  vL(0+)/L  =  0 
 

diL(0+)/dt  =  0 
 

Again, 80  =  45iR + vC 

 
0 =  45diR/dt  + dvC/dt 

 
But, dvC(0+)/dt  =  iC(0+)/C  =  0.278 mamps/1 F  =  278 V/s 

 
Hence,      diR(0+)/dt  =  (-1/45)dvC(0+)/dt  =  -278/45 

(b) 

iL

80V 

iR 
+ 
 



 
diR(0+)/dt  =  -6.1778 A/s 

 
Also, iR  =  iC + iL 

 
diR(0+)/dt  = diC(0+)/dt + diL(0+)/dt 

 
-6.1788  = diC(0+)/dt + 0,  or diC(0+)/dt  =  -6.1788 A/s 

 
(c) As  t  approaches infinity, we have the equivalent circuit in Figure (b). 
 

iR()  =  iL()  =  80/45k  =  1.778 mA 
 

iC()  = Cdv()/dt  =  0. 
 
 
 







15 + vL(0+) + 25  =  0  or  vL(0+)  =  -40 
 

di(0+)/dt  =  -40/0.25  =  –160 A/s 
 
(c) As t approaches infinity, we have the equivalent circuit in Figure (c). 
 
 3  
 
 
 
 
 
 
 
 
 

 
i()  =  -5(4)/(3 + 5)  =  –2.5 A 

 
v()  =  5(4 – 2.5)  =  7.5 V 

 

4 A 
i 

+   

v 5 
 

(c) 





Chapter 8, Solution 6. 
 
(a) Let   i  =  the inductor current.  For  t  <  0,  u(t)  =  0  so that 
 

i(0)  =  0  and  v(0)  =  0. 
 

For  t  >  0,  u(t)  =  1.  Since,  v(0+)  =  v(0-)  =  0,  and  i(0+)  =  i(0-)  =  0. 
 

vR(0+)  =  Ri(0+)  =  0 V 
 

Also,  since  v(0+)  =  vR(0+) + vL(0+)  =  0  =  0 + vL(0+)  or  vL(0+)  =  0 V
 (1) 

.

 (2) 
 

From (1), dv(0+)/dt  =  dvR(0+)/dt + dvL(0+)/dt   

 
(4) 

 
But, vL  =  Ldi/dt,  vL(0+)  =  0  =  Ldi(0+)/dt  and di(0+)/dt  =  0 (5) 

 
From (4) and (5),   dvR(0+)/dt  =  0  V/s 

,   dvL(0+)/dt  =  dv(0+)/dt  =  Vs/(CRs) 

(c)        As t approaches infinity, open circuit, while the inductor 
acts like a short circuit. 
 

vR()  =  [R/(R + Rs)]Vs 

 
vL()  =  0  V 

 
 
 

 
(b) Since  i(0+)  =  0, iC(0+)  =  VS/RS 

 
But,  iC  =  Cdv/dt  which leads to  dv(0+)/dt  =  VS/(CRS) 

 (3) 
 

  vR  =  iR  or  dvR/dt  =  Rdi/dt    
 

 
From (2) and (3)

 
 the capacitor acts like an 



Chapter 8, Solution 7. 
 

Ŭ = [R/(2L)] = 20x103/(2x0.2x10–3) = 50x106  
 
ɤo = [1/(LC)0.5] = 1/(0.2x10–3x5x10–6)0.5 = 3.162 x104  

 
  

overdampedo    
 
 
overdamped 
 



Chapter 8, Solution 8. 
 
Design a problem to help other students better understand source-free RLC circuits. 
 
Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 
 
Problem 
 

The branch current in an RLC circuit is described by the differential equation 
 

2

2
6 9

d i di
i

dt dt
   0  

 
and the initial conditions are i(0) = 0, di(0)/dt = 4. Obtain the characteristic equation and 
determine i(t) for t > 0. 

 
Solution 
 

     s2 + 6s + 9  =  0, thus  s1,2  =  
2

3666 2 
  =  -3,  repeated roots. 

 
i(t)  =  [(A + Bt)e-3t],  i(0)  =  0  =  A 

 
di/dt  =  [Be-3t] + [-3(Bt)e-3t] 

 
di(0)/dt   =  4  =  B. 

 
Therefore,  i(t)  =  [4te-3t] A 

 
 



Chapter 8, Solution 9. 
 

     s2 + 10s + 25  =  0,  thus  s1,2  =  
2

101010 
  =  –5,  repeated roots. 

 
i(t)  =  [(A + Bt)e-5t],  i(0)  =  10  =  A 

 
di/dt  =  [Be-5t] + [-5(A + Bt)e-5t] 

 
di(0)/dt   =  0  =  B – 5A  =  B – 50  or  B  =  50. 

 
Therefore, i(t)  =  [(10 + 50t)e-5t] A 

 
 

 



Chapter 8, Solution 10. 
 

       s2 + 5s + 4  =  0,  thus  s1,2  =  
2

16255 
  =  –4,  –1. 

 
v(t)  =  (Ae-4t + Be-t),  v(0)  =  0  =  A + B,  or  B  =  -A 

 
dv/dt  =  (-4Ae-4t - Be-t) 

 
dv(0)/dt   =  10  =  – 4A – B  =  –3A  or  A  =  –10/3  and  B  =  10/3. 

 
Therefore,  v(t)  =  (–(10/3)e-4t + (10/3)e-t) V 

 
 
 

 



Chapter 8, Solution 11. 
 

     s2 + 2s + 1  =  0,  thus  s1,2  =  
2

442 
  =  –1,  repeated roots. 

 
v(t)  =  [(A + Bt)e-t],  v(0)  =  10  =  A 

 
dv/dt  =  [Be-t] + [-(A + Bt)e-t] 

 
dv(0)/dt   =  0  =  B – A  =  B – 10  or  B  =  10. 

 
Therefore,  v(t)  =  [(10 + 10t)e-t] V 

 
 
 

 



Chapter 8, Solution 12. 
 
 

(a) Overdamped when C  >  4L/(R2)  =  4x1.5/2500  =  2.4x10-3,  or   
 

C  >  2.4 mF 
 
(b) Critically damped when  C  =  2.4 mF 
 
(c) Underdamped when   C  <  2.4 mF 
 

 
 
 

 



Chapter 8, Solution 13. 
 
 Let R||60  =  Ro.  For a series RLC circuit, 
 

o  =  
LC

1
  =  

4x01.0

1
  =  5 

 
For critical damping,  o   =    =  Ro/(2L)  =  5 

 
or  Ro  =  10L  =  40  =  60R/(60 + R)   

 
which leads to   R  =   120 ohms 

 
 
 
 
 

 







Chapter 8, Solution 16. 
 
 At  t  =  0,  i(0)  =  0,  vC(0)  =  40x30/50  =  24V 
 

For  t  >  0,  we have a source-free RLC circuit. 
 

  =  R/(2L)  =  (40 + 60)/5  =  20  and  o  =   
LC

1
  =  

5.2x10

1
3

  =  20 

 
o   =    leads to critical damping 

 
i(t)  =  [(A + Bt)e-20t],  i(0)  =  0  =  A 

 
di/dt  =  {[Be-20t] + [-20(Bt)e-20t]},   

 
but  di(0)/dt  =  -(1/L)[Ri(0) + vC(0)]  =  -(1/2.5)[0 + 24] 

 
Hence,  B   =  -9.6  or  i(t)  =  [–9.6te–20t] A 

 



Chapter 8, Solution 17. 
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v(t) = [21.55e-2.679t – 1.55e-37.32t] V 

 
 











Chapter 8, Solution 22. 
 
Compare the characteristic equation with eq. (8.8), i.e. 

 2 1 0Rs s
L LC

    

we obtain 

 
2000100 20

100 100
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L
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Chapter 8, Solution 23. 
 

Let Co  =  C + 0.01.  For a parallel RLC circuit, 
 

  =  1/(2RCo),  o  =  1/ oLC  

 
  =  1  =  1/(2RCo),  we then have Co  =  1/(2R)  =  1/20   =  50 mF 

 

o  =  1/ 05.002.0 x   =  141.42  >    (underdamped) 
 

Co  =  C + 10 mF  =  50 mF  or  C = 40 mF 
 
 







 
Since  is less than o, we have an under-damped response.   
 

9843.1)16/1(422
od   

 
vo(t) =  (A1cosdt + A2sindt)e-t 

 
vo(0) = 30(8/(2+8)) = 24 = A1 and io(t) = C(dvo/dt) = 0 when t = 0. 

 
d  vo/dt =  -(A1cosdt + A2sindt)e-t + (-dA1sindt + dA2cosdt)e-t

 
at t = 0, we get dvo(0)/dt = 0 = -A1 + dA2 

 
Thus, A2 = (/d)A1 =  (1/4)(24)/1.9843  =  3.024 

 
vo(t) =  (24cos1.9843t + 3.024sin1.9843t)e-t/4 volts. 

 
i0(t) = Cdv/dt = 0.25[–24(1.9843)sin1.9843t + 3.024(1.9843)cos1.9843t – 
0.25(24cos1.9843t) – 0.25(3.024sin1.9843t)]e–t/4  
=  [– 12.095sin1.9843t]e–t/4 A. 

 
 
 



Chapter 8, Solution 26. 
 

  s2 + 2s + 5  =  0,  which leads to  s1,2  =  
2

2042    =  –1j4 

 
These roots indicate an underdamped circuit which has the generalized solution 
given as: 

 
i(t)  =  Is + [(A1cos(4t) + A2sin(4t))e-t],   

 
At t = Ð, (di(t)/dt) = 0 and (d2i(t)/dt2) = 0 so that 

Is  =  10/5  =  2 (from (d2i(t)/dt2)+2(di(t)/dt)+5 = 10) 
 

i(0)  =  2  =  2 + A1,  or  A1  =  0 
 

di/dt  =  [(4A2cos(4t))e-t] + [(-A2sin(4t))e-t]  =  4  =  4A2,  or A2  =  1 
 

i(t)  =  [2 + sin(4te-t)] amps 
 
 



Chapter 8, Solution 27. 
 

s2 + 4s + 8  =  0 leads to s  =  2j2
2

32164



 

 
v(t)  =  Vs + (A1cos2t + A2sin2t)e-2t 

 
8Vs = 24 means that Vs = 3 

 
v(0) = 0 = 3 + A1 leads to A1 = -3 

 
dv/dt = -2(A1cos2t + A2sin2t)e-2t + (-2A1sin2t + 2A2cos2t)e-2t 

 
0 = dv(0)/dt = -2A1 +2A2 or A2 = A1 = -3 

 
v(t) = [3 – 3(cos(2t) + sin(2t))e–2t] volts. 

 
 
 



Chapter 8, Solution 28. 
 
The characteristic equation is 

 2 21 1 10 4 0 8
2 0.2

Ls Rs s s s s
C

          2 10 0  

 
 

1,2
8 64 40 0.838, 7.162  

2
s   
     –6.45 and –1.5505 

 

  t5505.1t45.6
s BeAei)t(i  

 
But      [is/C] = 10 or is = 0.2x10 = 2 
 

tt BeAeti 5505.145.62)(    
 

 i(0) = 1 = 2 + A + B  or  A + B = –1  or A = –1–B   (1) 
 

 

BA
dt

di
but

BeAe
dt

tdi tt

5505.145.60
)0(

5505.145.6
)( 5505.145.6



 

    (2) 

 
Solving (1) and (2) gives –6.45(–1–B) – 1.5505B = 0 or (6.45–1.5505)B = –6.45 

B = –6.45/(4.9) = –1.3163 and A = –1–1.3163 = –2.3163 
 
 
 A= –2.3163,  B= –1.3163 
Hence, 

i(t) = [2–2.3163e–6.45t –1.3163e–1.5505t] A. 
 
 



Chapter 8, Solution 29. 
 
(a) s2 + 4  =  0  which leads to  s1,2  =  j2  (an undamped circuit) 
 

v(t)  =  Vs  +  Acos2t + Bsin2t 
 

4Vs  =  12  or  Vs  =  3 
 

v(0)  =  0  =  3 + A  or  A  =  -3 
 

dv/dt  =  -2Asin2t + 2Bcos2t 
 

dv(0)/dt  =  2  =  2B  or  B  =  1,  therefore   v(t)  =  (3 – 3cos2t + sin2t) V 
 

(b) s2 + 5s + 4  =  0  which leads to  s1,2  =  -1, -4 
 

i(t)  =  (Is + Ae-t + Be-4t) 
 

4Is  =  8  or  Is  =  2 
 

i(0)  =  -1  =  2 + A + B,  or  A + B  =  -3  (1) 
 

di/dt  =  -Ae-t  -  4Be-4t 

    di(0)/dt  =  0  =  -A – 4B,  or  B  =  -A/4  (2) 

From (1) and (2)  we get  A  =  -4  and B  =  1 
 

i(t)  =  (2 – 4e-t + e-4t) A 
 
(c) s2 + 2s + 1  =  0,  s1,2  =  -1, -1 
 

v(t)  =  [Vs + (A + Bt)e-t],  Vs  =  3. 
 

v(0)  =  5  =  3 + A  or A  =  2 
 

dv/dt  =  [-(A + Bt)e-t] + [Be-t] 
 

dv(0)/dt  =  -A + B  =  1  or B  =  2 + 1  =  3 
 

v(t)  =  [3 + (2 + 3t)e-t] V 
 
 
 
 
 
 



(d) s2 +  2s +5  =  0,  s1,2  =  -1 + j2,  -1 – j2 
 

i(t)  =  [Is + (Acos2t + Bsin2t)e-t],  where  5Is  =  10  or  Is  =  2 
 

i(0)  =  4  =  2 + A  or  A  =  2 
 

di/dt  =   [-(Acos2t + Bsin2t)e-t] + [(-2Asin2t + 2Bcos2t)e-t] 
 

di(0)/dt  =  -2  =  -A + 2B  or  B  =  0 
 

i(t)  =   [2 + (2cos2t)e-t] A 
 
 
 



Chapter 8, Solution 30. 
 
The step responses of a series RLC circuit are 
 

vC(t) = [40–10e–2000t–10e–4000t] volts, t > 0 and  
iL(t) = [3e–2000t+6e–4000t ] m A, t > 0. 

 
(a) Find C.  (b)  Determine what type of damping exhibited by the circuit. 

 
Solution 
 
Step 1.  For a series RLC circuit, iR(t) = iL(t) = iC(t). 

 
We can determine C from iC(t) = iL(t) = C(dvC/dt) and we can determine that the 
circuit is overdamped since the exponent value are real and negative. 

 
Step 2.  C(dvC/dt) = C[20,000e–2000t+40,000e–4000t] = 0.003e–2000t+0.006e–4000t or 
 

C = 0.003/20,000 = 150 F. 









Chapter 8, Solution 34. 
 

Before t = 0, the capacitor acts like an open circuit while the inductor behaves like 
a short circuit. 
 

i(0) = 0, v(0) = 50 V 
 
For t > 0, the LC circuit is disconnected from the voltage source as shown below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
This is a lossless, source-free, series RLC circuit. 

 

 =  R/(2L)  =  0, o = 1/ LC  =  1/
4

1

16

1
  =  8,  s =  j8 

  
Since  is equal to zero, we have an undamped response.  Therefore, 
 

i(t) = A1cos(8t) + A2sin(8t)  where i(0) = 0 = A1 
 

di(0)/dt = (1/L)vL(0) = –(1/L)v(0) = –4x50 = –200 
 
However, di/dt = 8A2cos(8t), thus, di(0)/dt = –200 = 8A2 which leads to A2 = –25 
 
Now we have    i(t)  =  –25sin(8t) A 

 
 

+              
Vx 

i 
(1/16)F 

(¼) H 



Chapter 8, Solution 35. 
 
Using Fig. 8.83, design a problem to help other students to better understand the step response of 
series RLC circuits. 
 
Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 
 
Problem 
 

Determine v(t) for t > 0 in the circuit in Fig. 8.83. 
 

 
 
Figure 8.83 

 
Solution 
 
  At t  =  0-,  iL(0)  =  0,  v(0)  =  vC(0)  =  8 V 
 
For t > 0, we have a series RLC circuit with a step input. 
 

 =  R/(2L)  =  2/2  =  1, o = 1/ LC  =  1/ 5/1  =  5   
 

s1,2  =  2j12
o

2   

 
v(t)  =  Vs + [(Acos2t + Bsin2t)e-t],  Vs  =  12. 

 
v(0)  =  8  =  12 + A  or A  =  -4,  i(0)  =  Cdv(0)/dt  =  0. 

 
But dv/dt  =  [-(Acos2t + Bsin2t)e-t] + [2(-Asin2t + Bcos2t)e-t] 

 
0 =  dv(0)/dt  =  -A + 2B  or  2B  =  A  =  -4 and B  =  -2 

 
v(t)  =  {12 – (4cos2t  + 2sin2t)e-t V. 







 
v(0)  =  30  =  15 + A,  or  A  =  15 

iC  =  Cdv/dt  =  C[–4(15 + Bt)e-4t] + C[(B)e-4t] 

ce 
  This produces the circuit shown below.  

Clearly, iC(0+) must equal –iL(0) = –7.5A. 

iC(0)  =  –7.5  =  C(–60 + B)  which leads to  –60  =  –60 + B  or  B  =  0 

iC  =  Cdv/dt  =  (1/8)[–4(15 + 0t)e-4t] + (1/8)[(0)e-4t] 

iC(t)  =  [–( )e-4t] 

i(t) = –iC(t)  =  7.5e-4t A 

 

 

 
To find iC(0) we need to look at the circuit right after the switch is opened.  At this time, 
the current through the inductor forces that part of the circuit to act like a current sour
and the capacitor acts like a voltage source.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6 
6 

iC

7.

 
 
 
 

 

 
 
1/2)(15
 

 

5A 

 

6 

30V 

 
+ 
 













Chapter 8, Solution 43. 
 
 
For  t>0, we have a source-free series RLC circuit. 
 

 5.0x8x2L2R
L2

R 8ɋ 

9646490030 o
22

od   

 


5.0964

111
2 xL

C
LC o

o 
 2.075 mF 

 



Chapter 8, Solution 44. 
 

4

9
10

10100

11
,500

12

1000

2


xLCxL

R
o  

 

o underdamped. 

 







 
v(0)  =  0  = Ldi(0)/dt 

 
di/dt  =  [5,000(-Asin5,000t + Bcos5,000t)e-50t] + [-50(Acos5,000t + Bsin5,000t)e-50t] 

 
di(0)/dt  =  0  =  5,000B – 50A  or  B  =  0.01(-6)  =  -0.06mA 

 
Thus,   i(t)  =   {6 – [(6cos5,000t + 0.06sin5,000t)e-50t]} mA 
 
 

 



Chapter 8, Solution 47. 
 
  At  t  =  0-,  we obtain, iL(0)  =  3x5/(10 + 5)  =  1A 
 

and  vo(0)  =  0. 
 
For  t  >  0,  the 10-ohm resistor is short-circuited and we have a parallel RLC circuit with 
a step input. 
 

 =  1/(2RC)  =  (1)/(2x5x0.01)  =  10 
 

o = 1/ LC  =  1/ 01.0x1  =  10 
 

Since   =  o, we have a critically damped response. 
 

s1,2  =    -10 
 
Thus,   i(t)  =  Is + [(A + Bt)e-10t],   Is  =  3 
 

i(0)  =  1  =  3 + A  or  A  =  -2 
 

vo  =  Ldi/dt  =   [Be-10t] + [-10(A + Bt)e-10t] 
 

vo(0)  =  0  =  B – 10A  or  B  =  -20 
 

Thus, vo(t)  =   (200te-10t) V 
 



Chapter 8, Solution 48. 
 

For  t  =  0–,  we obtain  i(0)  =  –6/(1 + 2)  =  –2  and  v(0)  =  2x1  =  2. 
 
For  t  >  0,  the voltage is short-circuited and we have a source-free parallel RLC circuit. 
 

 =  1/(2RC)  =  (1)/(2x1x0.25)  =  2 
 

o = 1/ LC  =  1/ 25.0x1  =  2 
 

Since   =  o, we have a critically damped response. 
 

s1,2  =    –2 
 
Thus,   i(t)  =  [(A + Bt)e-2t],   i(0)  =  –2  =  A 

 
v  =  Ldi/dt  =   [Be-2t] + [–2(–2 + Bt)e–2t] 
 
vo(0)  =  2  =  B + 4  or  B  =  –2 
 

Thus,  
i(t)  =   [(–2 – 2t)e–2t] A 

 
and  v(t)  =  [(2 + 4t)e–2t] V 



Chapter 8, Solution 49. 
 
  For  t  =  0-,  i(0)  =  3 + 12/4  =  6  and  v(0)  =  0. 
 
For  t > 0,  we have a parallel RLC circuit with a step input. 
 

 =  1/(2RC)  =  (1)/(2x5x0.05)  =  2 
 

o = 1/ LC  =  1/ 05.0x5  =  2 
 

Since   =  o, we have a critically damped response. 
 

s1,2  =    -2 
 
Thus,   i(t)  =  Is + [(A + Bt)e-2t],   Is  =  3 
 

i(0)  =  6  =  3 + A  or  A  =  3 
 

v  =  Ldi/dt  or  v/L  =  di/dt  =   [Be-2t] + [-2(A + Bt)e-2t] 
 

v(0)/L  = 0  =  di(0)/dt  =  B – 2x3  or  B  =  6 
 

Thus, i(t)  =   {3 + [(3 + 6t)e-2t]} A 
 
 





Chapter 8, Solution 51. 
 
  Let  i  =  inductor current and v  =  capacitor voltage. 
 

At  t  =  0,  v(0)  =  0  and  i(0)  =  io. 
 
For  t  >  0,  we have a parallel, source-free LC circuit  (R  =  ). 
 

 =  1/(2RC)  =  0  and  o  =  1/ LC   which leads to s1,2  =   jo 
 

v  =  Acosot + Bsinot,  v(0)  =  0  A 
 

iC  =  Cdv/dt  =  -i 
 

dv/dt  =  oBsinot  =  -i/C 
 

dv(0)/dt  =  oB  =  -io/C  therefore  B  =  io/(oC) 
 

v(t)  =  -(io/(oC))sinot V  where  o =  LC/1  
 
 



Chapter 8, Solution 52. 
 
 

RC2

1
300       (1) 

 

LC

1
000,90000,160400 22

d
2
o

22
od      (2) 

From (2), 
 

 310x50x000,250

1
C 80 µF 

From (1), 
 




 610x80x300x2

1

C2

1
R 20.83Ý. 

 
 



Chapter 8, Solution 53. 
 
At  t<0,    (0 ) 0, (0 ) 120ci v   V
 
For t >0, we have the circuit as shown below. 
 
 
 

 
 80   
 
 i 
 
 
               120 V             10 mF  0.25 H 

+ 
_ 

 
 
 
 
 
120 120V dv dvC i V RC

R dt dt


      iR     (1) 

 

But               L
div v L
dt

        (2) 

Substituting (2) into (1) yields 
2 2

3
2 2

1 1120 120 80 10 10 80
4 4

di d i di d iL RCL iR x x x
dt dtdt dt

       i  

or 
 

(d2i/dt2) + 0.125(di/dt) + 400i = 600 
 
 
 





(b) For the inductor, vL = L(di/dt) or di(0+)/dt = vL(0+)/0.02. 
 
At  t = 0+, the right hand loop becomes, 
 
  –200 + 50x4 + vL(0+) = 0 or vL(0+) = 0 and (di(0+)/dt) = 0. 
 
For the capacitor, iC = C(dv/dt) or dv(0+)/dt = iC(0+)/0.01. 
 
At t = 0+, and looking at the current flowing out of the node at the top of the circuit, 
 

((200–0)/20) + iC + 4 = 0 or iC = –14 A. 
 
Therefore, 

dv(0+)/dt = –14/0.01 = –1.4 kV/s. 
  

 
 

(c) When the switch is in position B, the circuit reaches steady state.  Since it is source-free, i 
and v decay to zero with time. 
 
Thus, 

 i(Ð) = 0 A and v(Ð) = 0 V. 
  

 



Chapter 8, Solution 55. 
 
   At the top node, writing a KCL equation produces, 
 

i/4 +i  =  C1dv/dt,  C1  =  0.1 
 

5i/4  = C1dv/dt  = 0.1dv/dt 
 
     i  =  0.08dv/dt    (1) 
 

But,   v  =  )idt)C/1(i2( 2  ,  C2  =  0.5 

 
    or -dv/dt  =  2di/dt + 2i   (2) 
 
Substituting (1) into (2) gives, 
 

-dv/dt  =  0.16d2v/dt2 + 0.16dv/dt 
 

0.16d2v/dt2 + 0.16dv/dt  + dv/dt  =  0,  or  d2v/dt2 + 7.25dv/dt  =  0 
 

Which leads to s2 + 7.25s  =  0  =  s(s + 7.25)  or  s1,2  =  0, -7.25 
 
    v(t)  =  A + Be-7.25t    (3) 
 
    v(0)  =  4  =  A + B    (4) 
 

From (1), i(0)  =  2  =  0.08dv(0+)/dt  or  dv(0+)/dt  =  25 
 

But, dv/dt  =  -7.25Be-7.25t, which leads to,  
 

dv(0)/dt  =  -7.25B  =  25  or  B  =  -3.448  and  A  =  4 – B  =  4 + 3.448  =  7.448 
 

Thus, v(t)  =  {7.448 – 3.448e-7.25t} V 
 
 
 







i(t)  =  [0.75e-2t + 1.25e-18t]  =  -ix(t)  or  ix(t)  =  [-0.75e-2t - 1.25e-18t] A 
 

v(t)  =  8i(t)  =  [6e-2t + 10e-18t] A 
 
 
 











Chapter 8, Solution 62. 
 
 This is a parallel RLC circuit as evident when the voltage source is turned off. 
 

 =  1/(2RC)  =  (1)/(2x3x(1/18))  =  3 
 

o = 1/ LC  =  1/ 18/1x2  =  3 
 
 

Since   =  o, we have a critically damped response. 
 

s1,2  =    -3 
 

Let v(t)  =  capacitor voltage 
 

Thus, v(t)  =  Vs + [(A + Bt)e-3t]  where Vs  =  0 
 

But  -10 + vR + v  =  0  or  vR  =  10 – v  
 

Therefore vR  =  10 – [(A + Bt)e-3t]  where A and B are determined from initial 
conditions. 
 
 
 



Chapter 8, Solution 63. 
 

0 (0 )s o sv d v vC C
R dt R
 

    odv
dt

 

2

2
o s

o
dv vdi d iv L L

dt dt RCdt
      

Thus, 

RCL
v

dt
tid s

2

2 )(
 

 
 





 
Substituting (3) into (1) produces, 
 

vs t 

=   

/dt 

C2)}dvs/dt 

d  

  = vs + (R1/R2)(vo + R2C2dvo/dt) + R1C1d{vs + (R1/R2)(vo + R2C2dvo/dt)}/d
 

 vs + (R1/R2)(vo)+ (R1C2)dvo/dt + R1C1dvs/dt + (R1R1C1/R2)dvo/dt
+ ((R1)2

 C1C2)[d2vo/dt2] 
 

 ((R1)2
 C1C2)[d2vo/dt2] + [(R1C2) + (R1R1C1/R2)]dvo/dt + (R1/R2)(vo) = –R1C1dvs

 
Simplifying we get,  
 

 [d2vo/dt2] + {[(R1C2) + (R1R1C1/R2)]/((R1)2
 C1C2)}dvo/dt + {(R1/R2)(vo)/ ((R1)2

 

C1C2)} = –{R1C1 /((R1)2
 C1

 
2vo/dt2  + [(1/ R1C1) + (1/(R2C2))]dvo/dt + [1/(R1R2C1C2)](vo)  =  –[1/(R1C2)]dvs/dt

 
Another way to successfully work this problem is to give actual values of the resistors and 
capacitors and determine the actual differential equation.  Alternatively, one could give a 
differential equations and ask the other students to choose actual value of the differential 
equation. 









dt

dv
v

dt

dv
2

dt

vd in
o

o
2

o
2

  

 
Which leads to s2 + 2s + 1  =  0  or (s + 1)2  =  0  and  s  =  –1, –1 

 
Therefore, vo(t)  =  [(A + Bt)e-t] + Vf 

 
As t approaches infinity, the capacitor acts like an open circuit so that 
 

Vf  =  vo()  =  0 
 

vin  =  10u(t) mV  and the fact that the initial voltages across each capacitor is 0 
 

means that vo(0)  =  0  which leads to A  =  0. 
 

vo(t)  =  [Bte-t] 
 

dt

dvo   =  [(B – Bt)e-t]    (4) 

From (2),    0
RC

)0(v

dt

)0(dv

22

oo 





 

 
From (1) at t  =  0+, 
 

dt

)0(dv
C

R

01 o
1

1





  which leads to 1

RC

1

dt

)0(dv

11

o 


 

 
Substituting this into (4) gives B  =  –1 

 
Thus,  v(t)  =  –te-tu(t) V 

 
 
 



Chapter 8, Solution 68. 
 
The schematic is as shown below.  The unit step is modeled by VPWL as shown.   We 
insert a voltage marker to display V after simulation.  We set Print Step  =  25 ms and 
final step =  6s in the transient box.  The output plot is shown below. 
 

 
 
 
 



Chapter 8, Solution 69. 
 
The schematic is shown below.  The initial values are set as attributes of L1 and C1.  We 
set Print Step to 25 ms and the Final Time to 20s in the transient box.  A current marker 
is inserted at the terminal of L1 to automatically display i(t) after simulation.  The result 
is shown below. 
 

 



Chapter 8, Solution 70. 
 
 
The schematic is shown below.   
 

 
 
After the circuit is saved and simulated, we obtain the capacitor voltage v(t) as shown 
below. 
 
 
 
 
 



Chapter 8, Solution 71. 
 
The schematic is shown below.  We use VPWL and IPWL to model the 39 u(t) V and 13 
u(t) A respectively.  We set Print Step  to  25 ms and Final Step to 4s in the Transient 
box.  A voltage marker is inserted at the terminal of R2 to automatically produce the plot 
of v(t) after simulation.  The result is shown below. 
 
 

 
 

 
 
 
 



Chapter 8, Solution 72. 
 
 
When the switch is in position 1, we obtain IC=10 for the capacitor and IC=0 for the 
inductor.   When the switch is in position 2, the schematic of the circuit is shown below.   
 

 
 
When the circuit is simulated, we obtain i(t) as shown below. 
 

 
 
 
 



Chapter 8, Solution 73. 
 
Design a problem, using PSpice, to help other students to better understand source-free RLC 
circuits. 
 
Although there are many ways to work this problem, this is an example based on a somewhat 
similar problem worked in the third edition. 
 
Problem 
 

 
The step response of an RLC circuit is given by 
 

 
 

 
Given that iL(0) = 3 A and vC(0) = 24 V, solve for vC(t) and IC(t). 

 
 

Solution 
 
(a) For  t  <  0, we have the schematic below.  When this is saved and simulated, we obtain 

the initial inductor current and capacitor voltage as  
 

iL(0)  =  3 A   and vc(0)  =   24 V. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) For  t  >  0, we have the schematic shown below.  To display i(t) and v(t), we insert 
current and voltage markers as shown.  The initial inductor current and capacitor voltage are also 



incorporated.  In the Transient box, we set Print Step  =  25 ms and the Final Time to 4s.  After 
simulation, we automatically have io(t) and vo(t) displayed as shown below. 

 
 

 
 
 
 













Chapter 8, Solution 79. 
 
 

For critical damping of a parallel RLC circuit, 
 

 

LCRCo

1

2

1
  

Hence, 
 

 F434
1444

25.0

4 2


xR
L

C  

 
 





Chapter 8, Solution 81. 
 

t  =  1/  =  0.25  leads to   =  4 
 

But,    1/(2RC)  or,   C  =  1/(2R)  =  1/(2x4x200)  =  625 F 
 

22
od   

 
232322

d
2
o 010x42(16)10x42(    =  1/(LC) 

 
This results in   L  =  1/(642x106x625x10-6)  =  2.533 H 

 
 
 



Chapter 8, Solution 82. 
 
  For t   =  0-,  v(0)  =  0. 
 
For t  >  0,  the circuit is as shown below. 
 
 R1
 
 
 
 
 
 
 
 
At node a, 
 

(vo – v/R1  =  (v/R2) + C2dv/dt 

vo  =  v(1 + R1/R2) + R1C2 dv/dt 

60 =  (1 + 5/2.5) + (5x106 x5x10-6)dv/dt 

60 =  3v + 25dv/dt 

v(t)  =  Vs + [Ae-3t/25] 

where  3Vs  =  60  yields  Vs  =  20 

v(0)  =  0  =  20 + A  or  A  =   –20 

v(t)  =  20(1 – e-3t/25)V 
 
 
 

 

a 

R2

+ 

v 

 

C2C1

+ 

vo 

 



Chapter 8, Solution 83. 
 
    i  =  iD + Cdv/dt    (1) 
 
    –vs + iR + Ldi/dt + v  =  0   (2) 
 
Substituting (1) into (2), 
 

vs  =  RiD + RCdv/dt + LdiD/dt + LCd2v/dt2 + v  =  0 
 

LCd2v/dt2 + RCdv/dt + RiD + LdiD/dt =  vs 

 
d2v/dt2 + (R/L)dv/dt + (R/LC)iD + (1/C)diD/dt  =  vs/LC 



Chapter 9, Solution 1. 
 

(a)   Vm = 50 V. 

(b)   Period  2 2 0.2094
30

T s
 


    = 209.4ms 

(c )   Frequency  f = ɤ/(2ˊ) = 30/(2ˊ) = 4.775 Hz. 
(d)   At t=1ms, v(0.01) = 50cos(30x0.01rad + 10˚)  

= 50cos(1.72˚ + 10˚) = 44.48 V and ɤt = 0.3 rad. 
 
 
 



Chapter 9, Solution 2. 
 
 

(a) amplitude  =  15 A 
 
(b)   =  25  =  78.54 rad/s 
 

(c) f  = 


2

 =  12.5Hz 

 
(d) Is  =  1525 A 

Is(2 ms)  =  )25)102)(500cos((15 3- 
=  15 cos( + 25)  =  15 cos(205) 
=  –13.595 A 



Chapter 9, Solution 3. 
 
 

(a) 10 sin(t + 30)  =  10 cos(t + 30 – 90)  =  10cos(t – 60) 
 
(b) –9 sin(8t)  =  9cos(8t + 90) 
 
(c) –20 sin(t + 45)  =  20 cos(t + 45 + 90)  =  20cos(t + 135) 

 
 
 

(a)  10cos(t – 60), (b)  9cos(8t + 90), (c)  20cos(t + 135) 



Chapter 9, Solution 4. 
 
Design a problem to help other students to better understand sinusoids. 
 
Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 
 
Problem 
 

(a) Express v = 8 cos(7t + 15) in sine form. 
 
(b) Convert i = –10sin(3t - 85) to cosine form. 
 

 
Solution 
 
 

(a) v  =  8 cos(7t + 15)  =  8 sin(7t + 15 + 90)  =  8 sin(7t + 105) 
 
(b) i  =  –10 sin(3t – 85)  =  10 cos(3t – 85 + 90)  =  10 cos(3t + 5) 



Chapter 9, Solution 5. 
 
 v1 = 45 sin(t + 30) V =  45 cos(t + 30  90)  =  45 cos(t  60) V 
 v2 = 50 cos(t – 30) V 
 

 
This indicates that the phase angle between the two signals is 30 and that v1 lags 
v2. 
 



Chapter 9, Solution 6. 
 

(a) v(t)  =  10 cos(4t – 60) 
i(t)  =  4 sin(4t + 50)  =  4 cos(4t + 50 – 90)  =  4 cos(4t – 40) 
Thus, i(t) leads v(t) by 20. 

 
(b) v1(t)  =  4 cos(377t + 10) 

v2(t)  =  -20 cos(377t)  =  20 cos(377t + 180) 
Thus, v2(t) leads v1(t) by 170. 

 
(c) x(t)  =  13 cos(2t) + 5 sin(2t)  =  13 cos(2t) + 5 cos(2t – 90) 

X  =  130 + 5-90  =  13 – j5  =  13.928-21.04 
x(t)  =  13.928 cos(2t – 21.04) 
y(t)  =  15 cos(2t – 11.8) 
phase difference  =  -11.8 + 21.04  =  9.24 
Thus, y(t) leads x(t) by 9.24. 

 
 



Chapter 9, Solution 7. 
 
 If f()  =  cos + j sin, 
 

)(fj)sinj(cosjcosj-sin
d

df



 

 

 dj
f

df
 

 
Integrating both sides 
 
ln f  =  j + ln A 
 
f  =  Aej  =  cos + j sin 
 
f(0)  =  A  =  1 
 
i.e.  f()  =  ej  =  cos + j sin 
 



Chapter 9, Solution 8. 
 
   

(a) 
105.7

4560

j


+ j2  =  



53.13-5.12

4560
+ j2  

    =  4.898.13 + j2 = –0.6788+j4.752+j2 
    =  –0.6788 + j6.752 

 
(b) (6–j8)(4+j2)  = 24–j32+j12+16 = 40–j20 = 44.72–26.57˚ 

  

j2)j8)(4(6

2032




+
j2410-

20


 =  




26.5744.72

2032
+

 62.11226

20
 

 
= 0.71566.57˚+0.7692–112.62˚ = 0.7109+j0.08188–0.2958–j0.71 
 
=  0.4151–j0.6281 
            

 
(c) 20 + (16–50)(1367.38)  =  20+20817.38 = 20 + 198.5+j62.13 

 
= 218.5+j62.13 

 
 

 



Chapter 9, Solution 9. 
 

(a)    



)52.45176.10)(305(

)261.7j13.7)(305()7392.0j1197.18j6)(305(
 

 
50.88–15.52˚. 

 (b)  



)96.12083.5()5j3(

)5035)(6010(
  60.02–110.96˚. 

 
 
 
 



Chapter 9, Solution 10.  
 
Design a problem to help other students to better understand phasors. 
 
Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 
 
Problem 

 
Given that z1 = 6 – j8, z2 = 10–30, and z3 = 8e–j120, find: 

(a)  z1 + z2 + z3 
(b) z1z2 / z3 

 
Solution 

 
(a)  9282.64z   and  ,566.8z   ,86 321 jjjz   

321 zzz  = (10.66 – j19.928)Ý 
 

(b)  
3

21

z
zz

= [(10–53.13˚)(10–30˚)/(8–120˚)] = 12.536.87˚Ý = (10 + j7.5) Ý 

 
 

 



Chapter 9, Solution 11. 
 
(a)    21 15  VoV     
 
(b)   ( ) 8sin(10 70 180 ) 8cos(10 70 180 90 ) 8cos(10 160 )o o o o oi t t t t         o

o

o

 I = 8᷁160° mA 

(c )    3 3( ) 120sin(10 50 ) 120cos(10 50 90 )o ov t t t    

 V = 120᷁–140° V 

(d)     ( ) 60cos(30 10 ) 60cos(30 10 180 )o oi t t t     

 I = 60᷁–170° mA 

 
 



Chapter 9, Solution 12. 
Let X = 440 and Y = 20–30. Evaluate the following quantities and express 
your results in polar form. 
 
(X + Y)/X* 
(X - Y)* 
(X + Y)/X 

 
  X = 3.064+j2.571; Y = 17.321–j10 
 

(a) (X + Y)X* = 



03.6076.86)404)(03.2069.21(

)404)(429.738.20( j
  

= 86.76–60.03˚ 
 

(b) (X – Y)* = (–14.257+j12.571)* = 19.41–139.63˚ 
 
 
(c) (X + Y)/X  = (21.69–20.03˚)/(440˚) = 5.422–60.03˚  
 



Chapter 9, Solution 13.  
 

 
(a)  1520.02749.1)2534.08425.0()4054.04324.0( jjj   

 

(b)  0833.2
15024

3050





o

o

 = –2.083 

 
(c) (2+j3)(8-j5) –(-4) = 35 +j14 
 

 
 



Chapter 9, Solution 14.  
 

(a)  13912.0j7663.071.1697788.0
38.112385.18

91.77318.14

17j7

14j3









 

 

(b)  55.11922.1
7.213406.246

9.694424186

)5983.1096.16)(8467(

)8060)(8056.13882.231116.62(
j

jjj

jjj









 

 
 

(c)    
 
= [(22.3663.43˚)/(553.13˚)]2[(11.1826.57˚)(25.61–51.34˚)]0.5  
= [4.47210.3˚]2[286.3–24.77˚]0.5 = (19.99920.6˚)(16.921–12.38˚) = 338.48.22˚ 
 

or 334.9+j48.38 
 

 



Chapter 9, Solution 15. 
 

(a) 
j1-5-

3j26j10




 =  -10 – j6 + j10 – 6 + 10 – j15 

    =  –6 – j11 
 

(b) 



453016

10-4-3020
 =  6015 + 64-10 

=  57.96 + j15.529 + 63.03 – j11.114 
=  120.99 + j4.415 

 

(c) 

j1j

0jj1

j1j1

j1j

0jj1









   = )j1(j1   )j1(j0101 22 

= )j1j1(11   
= 1 – 2  =  –1 

 



Chapter 9, Solution 16. 
 

(a) –20 cos(4t + 135)  =  20 cos(4t + 135  180) 
     =  20 cos(4t  45) 

The phasor form is 20–45 
 
(b) 8 sin(20t + 30)  =  8 cos(20t + 30 – 90) 

   =  8 cos(20t – 60) 
The phasor form is 8–60 

 
(c) 20 cos(2t) + 15 sin(2t)  =  20 cos(2t) + 15 cos(2t – 90) 

The phasor form is 200 + 15–90  =  20 – j15  =  25-36.87 
 



Chapter 9, Solution 17. 
 

1 2 10 60 12 30 5 8.66 10.392 6 15.62 9.805o oV V V j j              o  
 

v(t) = 15.62cos(50t–9.8˚) V 
 
 



Chapter 9, Solution 18. 
 

(a) )t(v1  =  60 cos(t + 15) 
 
(b) 2V  =  6 + j8  =  1053.13 

)t(v2  =  10 cos(40t + 53.13) 
 
(c) )t(i1  =  2.8 cos(377t – /3) 
 
(d) 2I  =  -0.5 – j1.2  =  1.3247.4 

)t(i 2  =  1.3 cos(103t + 247.4) 
 



Chapter 9, Solution 19. 
 

(a) 310  5-30  =  2.954 + j0.5209 – 4.33 + j2.5 
     =  -1.376 + j3.021 
     =  3.32114.49 

Therefore, 3 cos(20t + 10) – 5 cos(20t – 30)   
=  3.32 cos(20t + 114.49) 

 
(b) 40-90 + 30-45  =  -j40 + 21.21 – j21.21 

=  21.21 – j61.21 
=  64.78-70.89 

Therefore, 40 sin(50t) + 30 cos(50t – 45)  =  64.78 cos(50t – 70.89) 
 
(c) Using sin  =  cos(  90), 

20-90 + 1060  5-110  =  -j20 + 5 + j8.66 + 1.7101 + j4.699 
   =  6.7101 – j6.641 
   =  9.44-44.7 

Therefore, 20 sin(400t) + 10 cos(400t + 60) – 5 sin(400t – 20)   
=  9.44 cos(400t – 44.7) 

 



Chapter 9, Solution 20. 
 
7.5cos(10t+30˚) A can be represented by 7.530˚ and 120cos(10t+75˚) V can be 
represented by 12075˚.  Thus, 
 

Z = V/I = (12075˚)/(7.530˚) = 1645˚ or (11.314+j11.314) Ý. 
 
 



Chapter 9, Solution 21.  
 
 
(a)  oooo jF 86.343236.8758.48296.690304155   
 

)86.3430cos(324.8)( ottf   

 
 
(b)   ooo jG 49.62565.59358.4571.2504908 
 

)49.62cos(565.5)( ottg   

 

(c)    40,9050010
j

1
H oo 


  

i.e.   ooo 69.1682748.125.125.0j18025.19025.0H 
 

h(t) = 1.2748cos(40t – 168.69°) 
 

 
 

 



Chapter 9, Solution 22.  
 

Let    f(t) = 



t

dttv
dt

dv
tv )(24)(10  

oV
j

V
VjVF 4555,5,

2
410  


  

 
oVjVjVjVF 89.1086.1249)4555(89.6372.22)4.2010(4.02010 

 
 

f(t) = 1249.6cos(5t+108.89˚) 



Chapter 9, Solution 23. 
 
(a)   v = [110sin(20t+30˚) + 220cos(20t–90˚)] V leads to V = 110(30˚–90˚) + 

220–90˚ = 55–j95.26 – j220 = 55–j315.3 = 320.1–80.11˚ or  
 

v = 320.1cos(20t–80.11˚) A. 
 
 
(b)   i = [30cos(5t+60˚)–20sin(5t+60˚)] A leads to I = 3060˚ – 20(60˚–90˚) = 

15+j25.98 – (17.321–j10) = –2.321+j35.98 = 36.0593.69˚ or 
 

i = 36.05cos(5t+93.69˚) A. 
 
 
(a)  320.1cos(20t–80.11˚) A, (b)  36.05cos(5t+93.69˚) A 



Chapter 9, Solution 24. 
 

(a)  

1,010
j





V

V  

10)j1( V  




 45071.75j5
j1

10
V  

Therefore,  
v(t)  =  7.071cos(t + 45) V 

 
(b)  

4),9010(20
j

4
5j 




V
VV  









 80-20

4j

4
54jV  





 96.110-43.3

3j5

80-20
V  

Therefore,  
v(t)  =  3.43cos(4t – 110.96) V 

 



Chapter 9, Solution 25. 
 

(a)    
2,45432j   II  

 454)43( jI  









 8.13-8.0
13.535

454

j43

454
I  

Therefore, i(t)  =  800cos(2t – 8.13) mA 
 
(b)     

5,2256j
j

10 


II
I

 

 225)65j2j-( I  










 56.4-745.0
56.26708.6

225

3j6

225
I  

Therefore, i(t)  =  745 cos(5t – 4.56) mA 
 



Chapter 9, Solution 26. 
 

2,01
j

2j 



I

II  

1
2j

1
22j 








I  




 87.36-4.0
5.1j2

1
I  

Therefore, i(t)  =  0.4 cos(2t – 36.87) 
 

 



Chapter 9, Solution 27. 
 

377,10-110
j

10050j 



V

VV  









 10-110
377

100j
50377jV  

 10-110)45.826.380(V  
 45.92-289.0V  

 
Therefore, v(t)  =  289 cos(377t – 92.45) mV. 

 
 



Chapter 9, Solution 28. 
 

  



15

)45377cos(156)(
)(

t

R

tv
ti s 10.4cos(377t+45˚) A. 

 
 



Chapter 9, Solution 29. 
 

  5.0j-
)102)(10(j

1

Cj

1
6-6 





Z  

 
 65-2)90-5.0)(254(IZV  

 
Therefore  v(t)  =  2 sin(106t – 65) V. 

 
 



Chapter 9, Solution 30. 
 
Since R and C are in parallel, they have the same voltage across them.  For the resistor, 

 
100 20

/ 2.5 20  mA
40

o
o

R RV I R I V R
k


       

 2.5cos(60 20 )  mAo
Ri t   

 
For the capacitor, 

 650 10 ( 60) 100sin(60 20 ) 300sin(60 20 ) mAo o
C

dv
i C x x t t

dt
        

 
 



Chapter 9, Solution 31. 
 

3240 2 240 10 0.48L mH j L j x x j      

 
3

1 1
5 100

2 5 10
C mF j

j C j x x        

80 0.48 100 80 99.52Z j j j     =  
010 0

0.0783 51.206
80 99.52

oV
I

Z j


   


 

 
i(t) = 78.3cos(2t+51.21˚) mA 

 
 



Chapter 9, Solution 32. 
 
Using Fig. 9.40, design a problem to help other students to better understand phasor relationships 
for circuit elements. 
 
Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 
 
Problem 
 

Two elements are connected in series as shown in Fig. 9.40.   
If i = 12 cos (2t - 30) A, find the element values. 
 

 
 
Figure 9.40 
 

Solution 
 
 
  V  =  18010, I  =  12-30,    =  2 

 





 642.9j49.110415
30-12

01180

I

V
Z  

 
One element is a resistor with R  =  11.49 . 
The other element is an inductor with L  =  9.642 or L  =  4.821 H. 
 



Chapter 9, Solution 33. 
 

  2
L

2
R vv110   

2
R

2
L v110v   

 22
L 85110v  69.82 V 

 



Chapter 9, Solution 34. 
 

 0 when jXvo  L–jXC = 0 so XL = XC or 
LC

1

C

1
L 


 . 

 





 )1020)(105(

1

33
 100 rad/s 

 



Chapter 9, Solution 35. 
 

( ) 50cos 200  50 0 , 200o
s sv t t V       

   
 

 
3

1 1
5

200 5 10
mF j

j C j x x    

 320 20 10 200 4mH j L j x x j     

 
 10 4 10 3inZ j j j      

 
50 0

4.789 16.7
10 3

o
os

in

V
I

Z j


    


 

 
i(t) = 4.789cos(200t–16.7°) A 

 
 



Chapter 9, Solution 36.  
 
Using Fig. 9.43, design a problem to help other students to better understand impedance. 
 
Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 
 
Problem 
 

In the circuit in Fig. 9.43, determine i. Let vs = 60 cos(200t - 10) V. 
 

 
 
Figure 9.43 
 

Solution 
 
Let  Z be the input impedance at the source. 
 

2010100200mH 100 3 jxxjLj    
 

500
2001010

11
F10

6
j

xxjCj
 

  

 
1000//-j500 = 200 –j400 
1000//(j20 + 200 –j400) = 242.62 –j239.84 
 

ojZ 104.6225584.23962.2242   
 

mA 896.361.26
104.62255

1060 o
o

o

I 



  

 
)896.3200cos(1.266 oti  mA 

 
 

 



Chapter 9, Solution 37. 
 

Y = (1/4) + (1/(j8)) + (1/(–j10)) = 0.25 – j0.025 
 

= (250–j25) mS 
 
 



Chapter 9, Solution 38. 
 
Using Fig. 9.45, design a problem to help other students to better understand admittance. 
 
Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 
 
Problem 
 

Find i(t) and v(t) in each of the circuits of Fig. 9.45. 
 

 
 
Figure 9.45 

 
Solution 
 

(a) 2j-
)6/1)(3(j

1

Cj

1
F

6

1



  

 




 43.18-472.4)4510(
2j4

2j-
I  

Hence, i(t)  =  4.472 cos(3t – 18.43) A 
 

 43.18-89.17)43.18-472.4)(4(4IV  

Hence, v(t)  =  17.89 cos(3t – 18.43) V 
 

(b) 3j-
)12/1)(4(j

1

Cj

1
F

12

1



  



12j)3)(4(jLjH3   
 





 87.3610
j34

050

Z

V
I  

Hence, i(t)  =  10 cos(4t + 36.87) A 
 




 69.336.41)050(
j128

12j
V  

Hence, v(t)  =  41.6 cos(4t + 33.69) V 
 



Chapter 9, Solution 39. 
 

4 20 10 //( 14 25) 9.135 27.47  eqZ j j j j         

 
= (9.135+j27.47) Ý 

 
12

0.4145 71.605
9.135 27.47

o

eq

V
I

Z j
    


 

i(t) = 414.5cos(10t–71.6˚) mA 
 
 





Chapter 9, Solution 41. 
 

 , 1
j)1)(1(jLjH1   

j-
)1)(1(j

1

Cj

1
F1 


  

j2
1

1j-
1)j-(||)j1(1 


Z  

 

j2

10s




Z

V
I , II )j1(c   





 18.43-325.6

j2

)10)(j1(
)j1()j1)(j-( IIV  

Thus,  
v(t)  =  6.325cos(t – 18.43) V 

 



Chapter 9, Solution 42. 
 

   200

100j-
)1050)(200(j

1

Cj

1
F50 6- 





  

20j)1.0)(200(jLjH1.0   

20j40
j2-1

j100-

j10050

)(50)(-j100
-j100||50 


  

 




 9014.17)060(
70

20j
)060(

20j403020j

20j
oV  

Thus,  
)t(vo  17.14 sin(200t + 90) V 

or   
)t(vo  17.14 cos(200t) V 

 



Chapter 9, Solution 43. 
 

 
80(100 40)

50 80 //(100 40) 50 105.71 57.93
100 40in

j j
Z j j j

j


      


 

60 0
0.4377 0.2411 0.4997 28.85  A

o
o

o
in

I
Z


       = 499.7–28.85˚ mA 

 
 
 



Chapter 9, Solution 44. 
 

200  

2j)1010)(200(jLjmH10 -3   

j-
)105)(200(j

1

Cj

1
mF5 3- 





  

4.0j55.0
10

j3
5.0j25.0

j3

1

2j

1

4

1






Y  

865.0j1892.1
4.0j55.0

11





Y
Z  









 7.956-96.0
865.0j1892.6

06

5

06

Z
I  

Thus,  
i(t)  =  960cos(200t – 7.956) mA 

 



Chapter 9, Solution 45. 
 
  We obtain  by applying the principle of current division twice. oI

I I I I2 2 o 

 

2j-1 Z ,  3j1
j2-2

j4-
j42||-j2)(4j2 Z  

j1

j10-
)05(

312-

2-

21

1
2 








jj

j
I

ZZ

Z
I  























11

10-

j1

j10-

j-1

j-

j2-2

j2-
2II o  –5 A 

 

  Z Z -j2  2  1 2

(a) (b) 



Chapter 9, Solution 46. 
 

    405)40t10cos(5i ss I

j-
)1.0)(10(j

1

Cj

1
F1.0 


  

2j)2.0)(10(jLjH2.0   
 

Let  6.1j8.0
2j4

8j
2j||41 


Z ,  j32 Z  

 

)405(
6.0j8.3

j1.60.8
s

21

1
o 







 I
ZZ

Z
I  





 46.94325.2

97.8847.3

)405)(43.63789.1(
oI  

 
Thus,  

)t(io  2.325cos(10t + 94.46) A 

 



Chapter 9, Solution 47.  
 

 
First, we convert the circuit into the frequency domain. 
 
 

j4 2  
 
 
 
 
 
 
 













 63.524607.0

63.52854.10

5

626.8j588.42

5

4j2010j

)4j20(10j
2

5
Ix  

 
is(t) = 460.7cos(2000t +52.63˚) mA 

 
 

 

Ix

50˚ 

 
+ 
 

-j10 20 







Chapter 9, Solution 50.  
 
 
Since ɤ = 100, the inductor = j100x0.1 = j10 ɋ and the capacitor = 1/(j100x10-3)  
= -j10ɋ. 
 

j10 I x

 
 
 

 
 
 
 

Using the current dividing rule: 
 









505020

505.2405.2405
102010

10

xx

x

IV

j
jj

j
I

 

 
vx(t) = 50cos(100t–50°) V 

 
 

 

20 540˚ 
+ 

-j10 
x v

 



Chapter 9, Solution 51. 
 
  

5j-
)1.0)(2(j

1

Cj

1
F1.0 


  

j)5.0)(2(jLjH5.0   
 
The current I through the 2- resistor is 

4j32j5j1

1 s
s 





I
II ,   where 50

2

10
I  

 13.53-25)4j3)(5(sI  

 
Therefore, 

)t(is  25cos(2t – 53.13) A 

 







Chapter 9, Solution 54. 
  

Since the left portion of the circuit is twice as large as the right portion, the 
equivalent circuit is shown below. 
 
 
 
 
 
 
 
 

)j1(2)j1(o1  IV  

)j1(42 12  VV  
V2 + Vs + V1 = 0 or 

)j1(621s  VVV = (6180)(1.4142–45) 
 

sV  8.485135 V 

 

Vs 
+   

Z 

+ – 
  2 Z V1 V2 

– + 





Chapter 9, Solution 56. 
 

 
6

1 1
50 53.05

377 50 10
F j

j C j x x


      

  360 377 60 10 22.62mH j L j x x j   
12 53.05 22.62 // 40 21.692 35.91 inZ j j j       

 
 



Chapter 9, Solution 57.  
 
 
 

2H2 jLj    
 

j
Cj



1

1F  

2.1j6.2
j22j

)j2(2j
1)j2//(2j1Z 




  

 

S  1463.03171.01 jZY   

 
 



Chapter 9, Solution 58.  
 
Using Fig. 9.65, design a problem to help other students to better understand impedance 
combinations. 
 
Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 
 
Problem 
 

At  = 50 rad/s, determine Zin for each of the circuits in Fig. 9.65. 
 

 
 

Figure 9.65 
 
Solution 

 

(a) 2j-
)1010)(50(j

1

Cj

1
mF10 3- 





  

5.0j)1010)(50(jLjmH10 -3   
 

)2j1(||15.0jin Z  

2j2

2j1
5.0jin 


Z  

)j3(25.05.0jin Z  

inZ  0.75 + j0.25  
 



(b) 20j  )4.0)(50(jLjH4.0 

10j)2.0)(50(jLjH2.0   

20j-
)101)(50(j

1

Cj

1
mF1 3- 





  

 
For the parallel elements, 

20j-

1

10j

1

20

11

p


Z

 

10j10p Z  

Then, 
inZ  10 + j20 +  =  20 + j30  pZ

 



 1

Chapter 9, Solution 59. 
 

1 1
0.25 0.4

10 0.25
F j

j C j x
   

 0.5 10 0.5 5H j L j x j    

 





 82.42691.3

61.42794.6

)57.4016.5)(905(
)4.0j5(5jZin  

 
= (2.707+j2.509) ɋ. 

 
 



Chapter 9, Solution 60.  
 
 

122.5097.261525)1030//()5020()1525( jjjjjZ   
 
 

Z = (51.1+j9.878) Ý 



Chapter 9, Solution 61.  
 

 All of the impedances are in parallel. 
 

3j1

1

5j

1

2j1

1

j1

11

eq 








Z
 

4.0j8.0)3.0j1.0()2.0j-()4.0j2.0()5.0j5.0(
1

eq


Z

 





4.0j8.0

1
eqZ  (1 + j0.5)  

 







Chapter 9, Solution 64.  
 

A7.104527.14767.1j3866.0
Z

9030
I

5j19
2j6

)8j6(10j
4Z

T

T












 

 
ZT = (19–j5) Ý 

 
I = 1.527104.7° A 



Chapter 9, Solution 65.  
 

)4j3(||)6j4(2T Z  

2j7

)4j3)(6j4(
2T 


Z  

TZ  6.83 + j1.094   =  6.9179.1  
 






1.9917.6

10120

TZ

V
I  17.350.9 A 







Chapter 9, Solution 68.  
 

  
4j-

1

j3

1

2j5

1
eq 





Y  

 
)25.0j()1.0j3.0()069.0j1724.0(eq Y  

 
eqY  (472.4 + j219) mS 

 



Chapter 9, Solution 69.  
 

  )2j1(
4

1

2j-

1

4

11

o


Y

 

 

6.1j8.0
5

)2j1)(4(

2j1

4
o 





Y  

 
6.0j8.0jo Y  

 

)6.0j8.0()333.0j()1(
6.0j8.0

1

3j-

1

1

11

o




Y
 

 41.27028.2933.0j8.1
1

oY
 

 

2271.0j4378.041.27-4932.0o Y  

 

773.4j4378.05jo Y  

 

97.22

773.4j4378.0
5.0

773.4j4378.0

1

2

11

eq







Y
 

2078.0j5191.0
1

eq


Y

 

 





3126.0

2078.0j5191.0
eqY  (1.661 + j0.6647) S 

 











1693.5j5634.0
945.20j727.1

)07.7911.9)(9012(
||12j c 




Z  

 
)||12j||4j-(||)||6j( cabeq ZZZZ   

)5673.2j7494.0(||)3716.3j7407.0(eq Z  

eqZ  1.50875.42   =  (0.3796 + j1.46)  

 





Chapter 9, Solution 75.  
 
Since , we need a phase shift circuit that will cause the 

output to lead the input by 90.  This is achieved by the RL circuit shown 
below, as explained in the previous problem. 

)90tsin()tcos( 

10  10 

+ + 

j10  j10 Vi Vo 

 

 
This can also be obtained by an RC circuit. 

 
 



Chapter 9, Solution 76. 
 
(a)    2 8sin 5 8cos(5 90 )ov t t  
  v1 leads v2 by 70o. 
 
(b)    2 6sin 2 6cos(2 90 )ov t t  

v1 leads v2 by 180o. 
(c )    1 4cos10 4cos(10 180 )ov t t   
  2 15sin10 15cos(10 90 )ov t t  
            v1 leads v2 by 270o. 
 
 



Chapter 9, Solution 77.  
 

(a) i
c

c
o jXR

jX-
VV


  

where 979.3
)1020)(102)(2(

1

C

1
X 9-6c 





  

 

))53.979(tan-90(
979.35

979.3

j3.979-5

j3.979-
1-

22
i

o 



V

V
 

)51.38-90(
83.1525

979.3

i

o 



V

V
 

 51.49-6227.0
i

o

V

V
 

 
Therefore, the phase shift is 51.49 lagging 

 
(b) )RX(tan-90-45 c

-1  

C

1
XR)RX(tan45 cc

1-


  

RC

1
f2   








)1020)(5)(2(

1

RC2

1
f 9-  1.5915 MHz 

 



Chapter 9, Solution 78.  
 
 
 
 
                                                                                           8+j6 
                                                             R 
                Z 
 
                                                                                           -jX 
 
 
 
 

  5
)6(8

)]6(8[
)6(8// 





XjR

XjR
XjRZ  

 
i.e  8R + j6R – jXR = 5R + 40 + j30 –j5X 
 
Equating real and imaginary parts: 
 

8R = 5R + 40   which  leads to   R=13.333ɋ 
6R-XR =30-5X which leads  to      X=  6 ɋ. 

 
 





 



Chapter 9, Solution 80.  
 

    4.75j)10200)(60)(2(jLjmH200 3-

 

)0120(
4.75j50R

4.75j

4.75j50R

4.75j
io 





 VV  

 
(a) When  100  R ,








69.2688.167

)0120)(904.75(
)0120(

4.75j150

4.75j
oV  

oV  53.8963.31 V 

 
(b) When  0R , 








45.5647.90

)0120)(904.75(
)0120(

4.75j50

4.75j
oV  

oV  10033.55 V 

 
(c) To produce a phase shift of 45, the phase of oV  =  90 + 0    =  45. 

Hence,   =  phase of (R + 50 + j75.4)  =  45. 
For  to be 45, R + 50  =  75.4 
Therefore,   R  =  25.4  

 



Chapter 9, Solution 81.  
 

 Let , 11 RZ
2

22 Cj

1
R


Z , 33 RZ , and 

x
xx Cj

1
R


Z . 

2
1

3
x Z

Z

Z
Z   
















2
2

1

3

x
x Cj

1
R

R

R

Cj

1
R  

 

 )600(
400

1200
R

R

R
R 2

1

3
x  1.8 k 

 

























 )103.0(

1200

400
C

R

R
C

C

1

R

R

C

1
6-

2
3

1
x

21

3

x

 0.1 F 

 



Chapter 9, Solution 82.  
 

  






 )1040(

2000

100
C

R

R
C 6-

s
2

1
x  2 F 

 



Chapter 9, Solution 83.  
 

  






 )10250(

1200

500
L

R

R
L 3-

s
1

2
x  104.17 mH 

 







Chapter 9, Solution 86.  
 

  
84j-

1

95j

1

240

1
Y  

0119.0j01053.0j101667.4 3- Y  
 
 







2.183861.4

1000

37.1j1667.4

10001

Y
Z  

 
Z  =  228-18.2  

 



Chapter 9, Solution 87.  
 

)102)(102)(2(

j-
50

Cj

1
50 6-31 




Z  

79.39j501 Z  
 

)1010)(102)(2(j80Lj80 -33
2 Z  

66.125j802 Z  
 

1003 Z  

 

321

1111

ZZZZ
  

66.125j80

1

79.39j50

1

100

11







Z
 

)663.5j605.3745.9j24.1210(10
1

3- 
Z

 

     3-10)082.4j85.25( 
 
      97.81017.26 -3

 
Z  =  38.21–8.97  
 



Chapter 9, Solution 88.  
 
(a) 20j12030j20j- Z  

Z  =  (120 – j10)  
 

(b) If the frequency were halved, 
Cf2

1

C

1





 would cause the capacitive 

impedance to double, while Lf2L   would cause the inductive 
impedance to halve.  Thus, 

40j12015j40j- Z  

Z  =  (120 – j65)  







Chapter 9, Solution 91.  
 

Lj||R
Cj

1
in 


Z  

LjR

LRj

C

j-
in 





Z  

222

222

LR

LRjRL

C

j-







  

 
To have a resistive impedance, 0)Im( in Z . 
Hence, 

0
LR

LR

C

1-
222

2








 

222

2

LR

LR

C

1







 

22

222

LR

LR
C




  

where  7102f2 
 

)109)(1020)(104(

)10400)(104(109
C 46142

121424




 



 

nF
72

169
C 2

2




  

 
C  =  235 pF 

 



Chapter 9, Solution 92.  
 

 

(a)  



 
o

o

o

o xY
Z

Z 5.134.471
1048450

75100
6

 

 

(b)  mSxxZY ooo 5.611.212104845075100 6    
 
 

 



Chapter 9, Solution 93.  
 

Ls 2 ZZZZ  ^  

)9.186.05.0(j)2.238.01( Z  
20j25Z  

 





66.3802.32

0115S
L Z

V
I  

 
LI  3.592–38.66 A 

 
 



Chapter 10, Solution 1. 
 
We first determine the input impedance. 
 
 1 1 10 10H j L j x j    

 
111 0

10 1
F jj C j x    .1 

 
1

1 1 11 1.0101 0.1 1.015 5.653
10 0.1 1

o
inZ j

j j


 

          
 

 
2 0 1.9704 5.653

1.015 5.653

o
o

oI 
  

 
 

 
i(t) = 1.9704cos(10t+5.65˚) A 

 
 











Chapter 10, Solution 6.  
 
   
Let Vo be the voltage across the current source.  Using nodal analysis we get: 
 

0
10j20

V
3

20

V4V oxo 





  where ox V
10j20

20
V


  

 
Combining these we get: 
 

30j60V)35.0j1(0
10j20

V
3

10j20

V4

20

V
o

ooo 





  

 









5.0j2

)3(20
Vor

5.0j2

30j60
V xo  

 
29.11–166˚ V. 

 



Chapter 10, Solution 7.  
   
At the main node, 
 

























50

1

30

j

20j40

1
V

3j196.5
20j40

058.31j91.115

50

V

30j

V
306

20j40

V15120 o
o

 

 

V 15408.124
0233.0j04.0

7805.4j1885.3
V  o




  

 
 





 V = inv(A)*B 
 

leads to 09.1613.110,23.12763.70 21 jVjV   
 

o21
o 17.82276.7

40

VV
I 


  

Thus, 
  A)17.82200cos(276.7)( o

o tti   

 
 









 
   1.0000            -0.5000 + 0.4000i 
  -0.5000             0.5000 + 0.0750i 
 
>> I=[(2+1.6i);0.8i] 
 
I = 
 
   2.0000 + 1.6000i 
        0 + 0.8000i 
 
>> V=inv(Y)*I 
 
V = 
 
   4.8597 + 0.0543i 
   4.9955 + 0.9050i 

 
Io = –j0.2V2 + j0.8 = –j0.9992 + 0.01086 + j0.8 = 0.01086 – j0.1992 
 

= 199.586.89˚ mA. 
 
 
 
 

 





1020
220 211

o

VVV
I


 ,      where

 
10j

2
o

V
I   

102010j

2
20 2112 VVVV 

  

21 )4j2(3400 VV          
  (1) 

At node 2, 

10j20j-1010j

2 22212 VVVVV



  

21 )2j3-(2j VV   

or    21 )5.1j1( VV         
     (2) 
 
 
 
 
 
 
Substituting (2) into (1), 
 

222 )5.0j1()4j2()5.4j3(400 VVV   
 

5.0j1

400
2 
V  

 




 6.116-74.35
)5.0j1(j

40

10j
2

o

V
I  

 
Therefore,  35.74 sin(1000t – 116.6) A )t(io

 











 
   2.0000           
   2.1210 + 2.1210i 
 
>> V=inv(Y)*I 
 
V = 
 
   5.2793 - 5.4190i 
   9.6145 - 9.1955i 
 

Vs = V1 – V2 = –4.335 + j3.776 = 5.749138.94˚ V. 
 
 
 









 08.13-74.641
1V  





 35.6-17.812
2V  

9j3333.0

31.78j5.28-

22
2121

o 










VV

I  

 
oI  9.25-162.12 A 

 













Chapter 10, Solution 23.  
 
   
 

0CVj

Cj

1
Lj

V

R

VV s 







 

 

s2
VRCVj

1LC

RCVj
V 




  

 

s2

232
VV

LC1

RLCjRCjRCjLC1















 

 

)2(1

)1(
22

2

LCRCjLC
VLC

V s







  

 















 





 1
1I  4.67–20.17 A 

 





 2
2I  1.7937.35 A 

 





  -3.0000           -13.0000            20.0000           
        0                  0 +20.0000i   1.0000 -18.0000i 
 
>> V=[12i;0;-8] 
 
V = 
 
        0 +12.0000i 
        0           
  -8.0000           
 
>> I=inv(Z)*V 
 
I = 
 
   2.0557 + 3.5651i 
   0.4324 + 2.1946i 
   0.5894 + 1.9612i 

 
Vo = –j200(I2 – I3) = –j200(–0.157+j0.2334) = 46.68 + j31.4 = 56.2633.93˚ 
 

vo = 56.26cos(100t + 33.93˚) V. 
 
 

























111/4 1
4 1/4

F jj C j x     

 

 

 or  
 
v2(t) = 3.578sin(4t+25.56°) volts. 

 
Hence,   
 

vo = [4.243cos(2t+45˚) + 3.578sin(4t+25.56˚)] volts. 
 
 
 





 
I1 

 
 
 Z2 Z1 

 –j2 
 
 
 
 
Using current division, 

 2
1

1 2

( 2) 0.6217 0.3626
Z

I j j
Z Z

   


 

To get I2, we use the circuit below. 
 

 I2 

 j10  60  
 
 
 
 50                              –j40                 
 3045o V 

+ 
_ 

 
 
 
 
 
After transforming the voltage source, we obtain the circuit below. 
 
 I2 
 
 
 
 
                       Z2   Z1 
  0.545o 

 
 
 
 
Using current division, 

 1
2

1 2

(0.5 45 ) 0.5275 0.3077oZ
I j

Z Z


    


 

 



Hence, Io = I1 + I2 = 0.0942+j0.0509 = 109᷁30° mA. 







V )52.15t2sin(41.21v52.1541.21
10j36

)050(16
V

10j2016

16
V o

2
o

o

s2 








 
 
Thus, 

xv  [147.7cos(6t+26.5°)+21.41sin(2t–15.52°)] V 

 
 





 60o V 
 
 jX 
 
       

34 300 10 1.2X L x x     
 

 = 0.2995᷁176.57° or 

 
i2(t) = 299.5sin(4t+176.57°) mA. 
 

T
 

i(t) = i
hus, 

1(t) + i2(t) = [791.1cos(10t+21.47°) + 299.5sin(4t+176.57°)] mA.
 





6jLjH2   

4j-
)12/1)(3(j

1

Cj

1
F

12

1



  

6  j6 

At the non-reference node, 

6j4j-6

12 333 VVV



 




 56.26-73.10
5.0j1

12
3V  

Hence,   V)56.26t3cos(73.10v3   

 
Therefore,   

ov  [10+21.45sin(2t+26.56)+10.73cos(3t–26.56)] V 

 

120 V 

+ 
+ 

-j4  3 V 


(c) 





215j1330-10 I  

 1.19504.02I  

Hence,   A)1.19tsin(504.0i2   
 
For , consider the circuit in Fig. (c). 3i

3  

6jLjH2   

2j-
)6/1)(3(j

1

Cj

1
F

6

1



  

1  j6 

 

2j3

)2j1(2
)2j1(||2




  

 
Using current division, 

3j13

)2j1(2

2j3

)2j1(2
6j4

)02(
2j3

)2j1(2

3 













I  

 43.76-3352.03I  

Hence   A)43.76t3cos(3352.0i3   

 
Therefore,   [4 + 0.504 sin(t + 19.1) + 0.3352 cos(3t – 76.43)] A oi

 

(c) 

I3 

-j2  

20 A2  4  





A1.0
1006080

24
i 2O 


  

 
For , consider the circuit in Fig. (c). 3Oi

4000  

 02)t4000cos(2  

160j)1040)(4000(jLjmH40 3-   

5.12j-
)1020)(4000(j

1

Cj

1
F20 6- 





  

 

` 
For mesh 1, 

21 I           
     (1) 

 
For mesh 2, 

080160j)5.12j160j80( 312  III  

 
Simplifying and substituting (1) into this equation yields 

32j8)75.14j8( 32  II        

  (2) 
 
For mesh 3, 

08060240 213  III  

 
Simplifying and substituting (1) into this equation yields 

5.13 32  II          

    (3) 

IO3

100  

(c) 

j160 

-j12.5 

I2 

80 

I3 

20 A I1 60 



 
Substituting (3) into (2) yields 

125.54j12)25.44j16( 3  I  





 38.71782.1
25.44j16

125.54j12
3I  

 
 38.71782.1-- 33O II  

Hence,   A)38.7t4000sin(1782.1-i 3O   

 
Therefore,   

Oi  {0.1 + 0.217 cos(2000t + 134.1) – 1.1782 sin(4000t + 7.38)} A 

 







 
With these, the current source is transformed to obtain the circuit in Fig.(b). 

Z j40 

+ 
+ Vs 80  o V 



(b) 

By voltage division, 

5j2

25j-

40j80
5j2

100j-
80

40j80

80
so 









 V
Z

V  




 6.40-615.3
42j36

)25j-(8
oV  

Therefore,   3.615 cos(10ov 5 t – 40.6) V 

 





Io = (0.051539᷁75.96°)(84.97᷁16.609°) – 0.625 = 4.3793᷁92.569° – 0.625  

= –0.196291+j4.3749 – 0.625 = –0.821291+j4.3749 = 4.451᷁100.63° A. 





With these, we transform the voltage source in Fig. (b) to a current source.  We obtain the circuit 
in Fig. (c). 

Ix

 
Using current division, 

)207.1j517.15(
2.3j4.6

2.0j4.2
)5j(

3j4 o
o

o
x 







 I
Z

Z
I  

 
 5625.1j5xI  5.23817.35 A 

 

(c) 

4 

-j3 

I j5 A Zo o 





  7143.5j)5714.0j8571.0()6154.4j0769.3(yxy  ZIV  

 
With these, we transform the current source to obtain the circuit in Fig. (d). 

Zy j4 

+ 
+ Vy -j2  Vo  



(d) 

Using current division, 








2j4j5714.0j8571.0

)7143.5j(2j-

2j4j

2j-
y

y
o V

Z
V  (3.529 – j5.883) V 

 







 






5j810j

)5j8)(10j(
)5j8(||10jthN ZZ  1026  

 
To obtain , consider the circuit in Fig. (d). thV

 
By current division, 

5j8

32
)04(

5j10j8

8
o 




I  

 





5j8

320j
10j oth IV 33.9258 V 

 






2610

5892.33

th

th
N Z

V
I  3.39232 A 

 
 

8 

-j5 

Io
+ 

40 A j10  Vth



(d) 





To find  and , we transform the voltage source and combine the 30  

and 60  resistors.  The result is shown in Fig. (c). 
thV NI

 

)454)(j2(
5

2
)454(

10j20

20
N 


I  

=  3.57818.43 A 
 

)43.18578.3()47.77-423.5(Nthth  IZV  

 =  19.4-59 V 

j10 

 

20 

(c) 

-j5 

a 

IN 

445 A 

b 





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

 

)12060(
2j1

4j
)12060(

20j10j5

20j
th 





V  

 =  107.3146.56 V 
 






7.33-633.21

56.1463.107

th

th
N Z

V
I  4.961-179.7 A 

 

(b) 

5  -j10  2 

+ 
+ 60120 V j20  Vth 











Therefore, 
 2VVThev  9.61533.69 V 

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

 












j

j
jjjeq 2

10
4||4-)5||104(||4-Z  

 

 )46(
6

4-
)46(||4- j

j
jjeqZ  (2.667 – j4)  

 
To find ,we will make use of the result in part (a). ThevV

)2j3()38(333.5j82 V  

)j5()38(16j16j)j1( 21  VV  
 

 831621 jThev VVV  9.61456.31 V 

Z

 

eq

c d 

10  -j4 

j5  4 

(c) 





V1 = (0.44721᷁ɀφσȢτσ°)Voc which leads to, 

 
(0.25+j0.33333)V1 – 0.25Voc = 2  

= (0.41666᷁ υσȢρσ°)(0.44721᷁ɀφσȢτσ°)Voc – 0.25Voc  

= (0.186335᷁ɀρπȢσ°)Voc – 0.25Voc = (0.183333–0.25–j0.033333)Voc  

= (–0.066667–j0.033333)Voc = (0.074536᷁ɀρυσȢτσυ°)Voc = 2 or 

 

Voc = VThev = 26.83᷁153.44° V = (–24+j12) V. 

 
Now for Isc, 

 
Isc = [V2/4] + 1.5Ix = (0.25+(1.5)(j0.33333))V2 = (0.25+j0.5)V2. 
 
[(V2–0)/(–j3)] + [(V2–0)/4] = 2 = (0.25+j0.3333)V2  

= (0.41667᷁53.13°)V2 = 2 or V2 = 4.8᷁ɀ53.13° 

  

Isc = (0.25+j0.5)V2 = (0.55901᷁63.435°)(4.8᷁ɀ53.13°)  



= 2.6832᷁ρπȢσπυ° A 

 
Finally, 
 

Zeq = Voc/Isc = 26.833᷁153.435°/2.6832᷁ρπȢσπυ°  

 

= 10᷁ρτσȢρσ° Ý or = (–8+j6) Ý. 





To find , consider the circuit in Fig. (b). ThevV
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Therefore,  

ov  2.3cos(t–163.3) V 

 







Chapter 10, Solution 65.  
 
Using Fig. 10.108, design a problem to help other students to better understand Norton’s 
theorem.  
 
Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 
 
Problem 

 
Compute io in Fig. 10.108 using Norton's theorem. 

 

 
 

Figure 10.108 
 
Solution 
 

2,05)t2cos(5   
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To find , consider the circuit in Fig. (a). NZ

2 

ZN

-j2  -j 

(a) 
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To find , consider the circuit in Fig. (b). NI
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The Norton equivalent of the circuit is shown in Fig. (c). 

I

 

 
Using current division, 
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Chapter 10, Solution 67.  
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To find  RTh, we insert a 1-A source at terminals a-b, as shown below. 
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Combining the two equations leads to 
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Chapter 10, Solution 69.  
 

 This is an inverting op amp so that 
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
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Therefore, 

 )90tsin(V)t(v mo  - Vm cos(t) 

 



Chapter 10, Solution 70.  
 
Using Fig. 10.113, design a problem to help other students to better understand op amps in AC 
circuits. 
 
Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 
 
Problem 
 

The circuit in Fig. 10.113 is an integrator with a feedback resistor.  Calculate vo(t) if vs = 
2 cos 4  104t V. 

 

 
 

Figure 10.113 
 
Solution 
 
 This may also be regarded as an inverting amplifier. 
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Therefore, 

)t(vo  100 cos(4x104 t + 91.43) mV 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



Chapter 10, Solution 71.  
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At the inverting terminal, 
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(1–1+j(–1.5334–0.06667))Vo = (–j1.6001)Vo = 1.6001–90˚ 
 

Therefore, 
Vo = 290˚/(1.6001–90˚) = 1.2499180˚ 
 

Since Vs = 10, 
 

Vo/Vs = 0.12499180˚. 





>> V=inv(Y)*I 
 
V = 
   0.8593 + 1.3410i 
   0.2909 - 0.1137i  = Vo = 312.3–21.35˚ mV.  The answer checks. 









Chapter 10, Solution 80.  
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The two stages are inverters so that  
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Chapter 10, Solution 81. 
 
We need to get the capacitance and inductance corresponding to –j2  and j4 . 

1 1
2 0

1 2c

.5j C F
X x

      

4 4LX
j L H


    

 
The schematic is shown below. 

 
 
When the circuit is simulated, we obtain the following from the output file. 
 
 
  FREQ          VM(5)        VP(5)        
  1.592E-01   1.127E+01  -1.281E+02 
 
From this, we obtain 
 

Vo = 11.27128.1o  V. 
 
 



Chapter 10, Solution 82.  
 
The schematic is shown below.  We insert PRINT to print Vo in the output file.  For AC 
Sweep, we set Total Pts = 1, Start Freq = 0.1592, and End Freq = 0.1592.  After 
simulation, we print out the output file which includes: 
 
 
  FREQ   VM($N_0001)  VP($N_0001) 
  1.592 E-01  7.684 E+00   5.019 E+01 
 
which means that   Vo  =  7.68450.19o V 
 

 



Chapter 10, Solution 83.  
 

The schematic is shown below.  The frequency  is 15.159
2

1000
2/f 


  

 

 
 
 
When the circuit is saved and simulated, we obtain from the output file 

 
FREQ  VM(1)   VP(1) 
1.592E+02  6.611E+00  -1.592E+02 
 
Thus,    

vo =  6.611cos(1000t – 159.2o)  V 
 
 
 



Chapter 10, Solution 84.  
 
The schematic is shown below.  We set PRINT to print Vo in the output file.  In AC 
Sweep box, we set Total Pts = 1, Start Freq = 0.1592, and End Freq = 0.1592.  After 
simulation, we obtain the output file which includes: 
 
    FREQ   VM($N_0003) 
 VP($N_0003) 
    1.592 E-01  1.664 E+00   –1.646 
E+02 
 
 
Namely,      Vo  =  1.664–146.4o V 
   
 
 
 
 
 
 
 
 



Chapter 10, Solution 85.  
 

Using Fig. 10.127, design a problem to help other students to better understand performing AC 
analysis with PSpice.  
 
Although there are many ways to solve this problem, this is an example based on the same kind 
of problem asked in the third edition. 
 
Problem 
 
Use PSpice to find Vo in the circuit of Fig. 10.127.  Let R1 = 2 Ý, R2 = 1 Ý, R3 = 1 Ý, R4 = 2 Ý, 
Is = 20˚ A, XL = 1 Ý, and XC = 1 Ý. 
 
Solution 
 
The schematic is shown below.   We let 1 rad/s so that L=1H and C=1F. 

 
 

 
 

When the circuit is saved and simulated, we obtain from the output file 
 

FREQ   VM(1)  VP(1) 
1.591E-01  2.228E+00 -1.675E+02 

 
From this, we conclude that 

 
 Vo = 2.228–167.5° V. 



Chapter 10, Solution 86.  
 
The schematic is shown below.   We insert three pseudocomponent PRINTs at nodes 1, 2, 
and 3 to print V1, V2, and V3, into the output file.  Assume that w = 1, we set Total Pts = 
1, Start Freq = 0.1592, and End Freq = 0.1592.   After saving and simulating the circuit, 
we obtain the output file which includes: 
 
 
    FREQ   VM($N_0002) 
 VP($N_0002) 
    1.592 E-01  6.000 E+01   3.000 
E+01 
 
    FREQ   VM($N_0003) 
 VP($N_0003) 
    1.592 E-01  2.367 E+02   -8.483 
E+01 
 
 
    FREQ   VM($N_0001) 
 VP($N_0001) 
    1.592 E-01  1.082 E+02   1.254 
E+02 
 
 
 
Therefore,   

 
V1  =  6030o V   V2  =  236.7-84.83o V   V3  =  108.2125.4o V 

 
 



Chapter 10, Solution 87.  
 
The schematic is shown below.  We insert three PRINTs at nodes 1, 2, and 3.  We set 
Total Pts = 1, Start Freq = 0.1592, End Freq = 0.1592 in the AC Sweep box.  After 
simulation, the output file includes: 
 
 
    FREQ   VM($N_0004) 
 VP($N_0004) 
    1.592 E-01  1.591 E+01   1.696 
E+02 
 
    FREQ   VM($N_0001) 
 VP($N_0001) 
    1.592 E-01  5.172 E+00   -1.386 
E+02 
 
 
    FREQ   VM($N_0003) 
 VP($N_0003) 
    1.592 E-01  2.270 E+00   -1.524 
E+02 
 
 
Therefore,   

 
V1  =  15.91169.6o V   V2  =  5.172-138.6o V   V3  =  2.27-152.4o V 

 
 



Chapter 10, Solution 88.  
 
The schematic is shown below.  We insert IPRINT and PRINT to print Io and Vo in the 
output file.  Since w = 4, f  =   w/2  =  0.6366, we set Total Pts = 1,  Start Freq = 0.6366, 
and End Freq =  0.6366 in the AC Sweep box.  After simulation, the output file includes: 
 
 
 
    FREQ   VM($N_0002) 
 VP($N_0002) 
    6.366 E-01  3.496 E+01   1.261 
E+01 
 
 
    FREQ   IM(V_PRINT2)  IP 
(V_PRINT2) 
    6.366 E-01  8.912 E-01   
 -8.870 E+01 
 
 
Therefore,  Vo  =  34.9612.6o V,  Io  =  0.8912-88.7o A 

 
vo  =  34.96 cos(4t + 12.6o)V,    io  =  0.8912cos(4t – 88.7o )A 

 
 

 
 
 
 
 







At this frequency, 
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Chapter 10, Solution 94.  
 
If we select  nF20CC 21 
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We may select  and , say  k20R i if RR   k20R f . 
 
Thus, 

 21 CC  20 nF, L  10.13 mH  if RR  20 k 
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Chapter 11, Solution 1.  
 

)t50cos(160)t(v   
i(t) = –33sin(50t–30˚) = 33cos(50t–30˚+180˚–90˚) = 33cos(50t+60˚) 
 
p(t) = v(t)i(t) = 160x33cos(50t)cos(50t+60˚)  
= 5280(1/2)[cos(100t+60˚)+cos(60˚)] = [1.320+2.640cos(100t+60˚)] kW. 
 
P = [VmIm/2]cos(0–60˚) = 0.5x160x33x0.5 = 1.320 kW. 





Chapter 11, Solution 3. 
 
 
 I 
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90 F  5.5556

j C 90 10 2 10
j

j x x x
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 I = 160/60 = 2.667A 
 
The average power delivered to the load is the same as the average power absorbed by 
the resistor which is 
  

Pavg = 0.5|I|260 = 213.4 W. 
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For the 5-ɋ resistor, 
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The average power dissipated by the resistor is 

 2 2
1 1 1

1 1| | 2.438 5 14.86 W
2 2

P I R x x    

 
For the 8-ɋ resistor, 
  
 I2 = Vo/(8–j6) = (11.812/10)(64.16+36.87)˚ = 1.1812101.03˚ A 
 
The average power dissipated by the resistor is 
  
 P2 = 0.5|I2|2R2 = 0.5(1.1812)28 = 5.581 W 
 
The complex power supplied is 
 
 S = 0.5(Vs)(I1)* = 0.5(2030˚)(2.4383.07˚) = 24.3833.07˚  
 

= (20.43+13.303) VA 
 
Adding P1 and P2 gives the real part of S, showing the conservation of power. 
 
 P = 14.86+5.581 = 20.44 W which checks nicely. 







Chapter 11, Solution 7.   
 
 
Applying KVL to the left-hand side of the circuit, 

oo 1.04208 VI        (1) 

 
Applying KCL to the right side of the circuit, 
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Substituting (2) into (1), 
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Chapter 11, Solution 9. 
 
This is a non-inverting op amp circuit.  At the output of the op amp, 
 

 
3

2
3

1

(10 6) 10
1 1 (8.66 5) 20.712 28.124

(2 4) 10o s

Z j x
V V j j

Z j x

   
           

 

The current through the 20-k resistor is 
 

 0.1411 1.491 mA
20 12

o
o

V
I

k j k
  


j  or |Io| = 1.4975 A 

 
P = [|Io|2/2]R = [1.48752/2]10–6x20x103  
 

= 22.42 mW 
 



Chapter 11, Solution 10.  
 

No current flows through each of the resistors.  Hence, for each resistor, 
.  It should be noted that the input voltage will appear at the output of 

each of the op amps. 
P W0

 



Chapter 11, Solution 11.  
 

 , ,  377 410R  -910200C 
754.0)10200)(10)(377(RC -94   

 02.37)RC(tan -1  
 




 k37.02-985.737.02-
)754.0(1

k10
Z

2
ab  

 
mAttti )68377cos(33)22377sin(33)(   

I = 33–68˚ mA 

 
2

10)37.02-985.7(1033

2

3232 


xZI
S ab  

S = 4.348–37.02˚ VA 
 

 )02.37cos(SP 3.472 W 

 





 

 
165)17.674123.0()55.465235.0(

165)5.012.016.0()2.05.012.016.0(

0
5

0
2
165

34
165

2

2

222














V

jjVjj

V

j

V

j

V

  4.125 

 
Thus, V2 = 129.94–20.62˚V = 121.62–j45.76   

 
 I = (165 – V2)/(4 – j3) = (165 – 121.62 + j45.76)/(4 – j3)  
   = (63.0646.52˚)/(5–36.87˚) = 12.61383.39˚ = 1.4519+j12.529 
 
 VThev = 165 – 4I = 165 – 5.808 – j50.12 = [159.19 – j50.12] V  
           = 166.89–17.48˚V 
 

We can check our value of VThev by letting V1 = VThev.  Now we can use nodal 
analysis to solve for V1. 

 
At node 1, 
 

25.41)3333.02.0()3333.025.0(0
5

0
34

165
21

2211 









VjVj
V

j

VVV  

 
At node 2, 

 5.82)1667.0(3333.00
2
165

3 21
212 jVjVj

j

V

j

VV






  

 
 
 >> Y=[(0.25+0.3333i),-0.3333i;-0.3333i,(0.2-0.1667i)] 
 

Y = 
 
   0.2500 + 0.3333i        0 - 0.3333i 
        0 - 0.3333i   0.2000 - 0.1667i 
 
>> I=[41.25;–82.5i] 
 
I = 
 
  41.2500           
        0 -20.0000i 
 
>> V=inv(Y)*I 
 
V = 



 
  159.2221 – 50.1018i 
  121.6421–45.7677i 

 
Please note, these values check with the ones obtained above. 
 
To calculate the maximum power to the load,  

 
 |IL| = (166.89/(2x0.8233)) = 101.34 A 
 

Pavg = [(|IL|rms)20.8233]/2 = 4.228 mW. 
 
 



Chapter 11, Solution 13. 
 
 For maximum power transfer to the load, ZL = [120 – j60] ɋ. 
 
 IL = 165/(240) = 0.6875 A 
 

Pavg = [|IL|2120]/2 = 28.36 W. 
 
 





12 0.38 0.625 12 // 0.3 8 0.625 8.0075 0.3252
12 0.3Th

x
Z j j j j       


  

  
ZL = (ZThev)* = [8.008 + j0.3252] ɋ. ZL = (ZThev)* = [8.008 + j0.3252] ɋ. 

  
To find VTh, consider the circuit below. To find VTh, consider the circuit below. 
  
  
 -j0.625 8 ɋ  -j0.625 8 ɋ 
  
 I1 +  I1 + 
  
    50o                                 j0.3         12 ɋ VTh     50                                  j0.3         12 ɋ Vo

Th 
  
  
                                                                                                    –                                                                                                     – 
  
  
By current division, By current division, 
    
 I1 = 5(j0.3)/(12+j0.3) = 1.590˚/12.0041.43˚ = 0.1249688.57˚  I1 = 5(j0.3)/(12+j0.3) = 1.590˚/12.0041.43˚ = 0.1249688.57˚ 
  
     = 0.003118 + j0.12492A      = 0.003118 + j0.12492A 
  
 VThev rms = 12I1/ VThev rms = 12I1/ 2  = 1.060388.57˚V 
 

ILrms = 1.060388.57˚/2(8.008) = 66.288.57˚mA 
 

Pavg = |ILrms|28.008 = 35.09 mW. 
 
 
 





j1

12-
o 
V  

 
– 0)2j-( Thoo  VVV  

j

j
Thev 




1

)21)(12(
j2)-(1 oVV  

 
5.0

5.022

2

512

5.0
2

5.05.05.05.0
2

22

max
x

jj

V

P

Thev





















  

 
 

=  W90





To obtain Req, consider the circuit shown below.  We  replace  ZL by a 1-A current source. 
 
                                                                                                   0.5V1 
 
 
 
                                                               2        V1                 4             V2 
 
                                                                                                                                      
                                            
                                                                                     -j5                    j4                                      

             
            

1A 

 
 
At node 1, 
 

21
21

1
11 25.0)2.01(00

4
25.0

52
VjV

VV
V

j

VV






  (3) 

At node 2, 
 

)25.025.0(5.01
4

25.0
4

1 21
2

1
21 jVV

j

V
V

VV



  (4) 

Solving (1) and (2) gives 
o

eq j
V

Z 12.60837.33274.39115.1
1

2   and ZL = 3.837–60.12° Ý 

 





9115.142

4072.99115.1
2

|| 2

2

2

max xxZZ

V
P

Leq

Th  5.787 W 

 
 
 
 
 







Chapter 11, Solution 19.  
 
 At the load terminals, 

j9

j)(6)(3
-j2)j3(||62j-Th 


Z  

561.1j049.2Th Z  
 

 ThLR Z  2.576 ɋ 

 
To get , let ThV 439.0j049.2)j3(||6 Z . 
 
By transforming the current sources, we obtain 

 
487.1462.67)033( jTh  ZV  = 69.1612.09˚ 

 

Pmax = 
2

576.2

576.2561.1049.2

16.69
2

 j
 =  258.5 W. 

 





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

 
At the supernode, 

j10-j20-40

165 211 VVV



 

21 4)21(165 VV jj       (3) 
 

Also,  , where o21 4IVV 
40

165 1V
I


o  

1.1

5.162
1




V
V        (4) 

 
Substituting (4) into (3), 

150–j30 2)818.59091.0( Vj  
 









 92.4398.25
12.81889.5

31.1197.152

818.59091.0

30150
2 j

j
Th VV  

Pmax = 
2

792.6

792.671.605.1

98.25
2

 j
=  21.51 W 

 

40 

-j10 

V1 V2 

(b) 

4 Io 
Io 

+  

-j20 

+ 

Vth 



1650 V + 
 





Chapter 11, Solution 22.  
 
 

i(t) = [2–2cos(2t)] amps 
 

 
 

 
 
 

 
 

 
 

 
 
 



Chapter 11, Solution 23. 
 
 
Using Fig. 11.54, design a problem to help other students to better understand how to find 
the rms value of a waveshape. 
 
Although there are many ways to work this problem, this is an example based on the 
same kind of problem asked in the third edition. 
 
Problem 
 
Determine the rms value of the voltage shown in Fig. 11.54. 
 
 
                     v(t) (V) 
 
 
                       10 
 
 
 
 
 
 
                           0        1        2       3       4                t (s)      
 
 
  Figure 11.54 For Prob. 11.23. 
 
 
Solution 
 
 

 
1

2 2 2

0 0

1 1 100
( ) 10

3 3

T

rmsV v t dt dt
T

     

 
Vrms = 5.7735 V 

 
 



Chapter 11, Solution 24.  
 

 ,  2T 








2t15,-

1t0,5
)t(v  

 

  25]11[
2

25
dt-5)(dt5

2

1
V

2

1

2
1

0

22
rms    

 
rmsV V5  

 



Chapter 11, Solution 25.  
 
 

 

266.3
3

32
f

3

32
]16016[

3

1

dt4dt0dt)4(
3

1
dt)t(f

T

1
f

rms

3
2

22
1

1
0

2T
0

22
rms





 

 

 
frms = 3.266 

 
 
 
 



Chapter 11, Solution 26.  
 

 ,      4T 








4t220

205
)(

t
tv

 

250]800200[
4

1
)20(10

4

1 4

2

22

0

22 



   dtdtVrms  

 
rmsV 15.811 V. 

 



Chapter 11, Solution 27.  
 
 ,  5T  5t0,t)t(i   

 

333.8
15

125

3

t

5

1
dtt

5

1
I 5

0

3
5

0

22
rms    

rmsI A887.2  

 



Chapter 11, Solution 28.  
 

  
5

2

2
2

0

22
rms dt0dt)t4(

5

1
V  

533.8)8(
15

16

3

t16

5

1
V 2

0

3
2
rms   

rmsV V92.2  

 


2

533.8

R

V
P

2
rms W267.4  

 
 



Chapter 11, Solution 29.  
 

 ,  20T 








25t156t120-

155660
)(

tt
ti

 





  

25

15

215

5

22 6t)-120()660(
20

1
dtdttIeff  





  

25

15

215

5

22 3600)t360t9()9180900(
5

1
dtdtttIeff  

    25
15

2315
5

322 36001803390900
5

1
ttttttIeff   

300]750750[
5

12 effI  

 
effI 17.321 A 

 
 RIP 2

eff (17.321)2x12 = 3.6 kW. 

 
 



Chapter 11, Solution 30.  
 

 








4t21-

2t0t
)t(v  

 

  1667.12
3

8

4

1
dt-1)(dtt

4

1
V

4

2

2
2

0

22
rms 




   

 
rmsV V08.1  

 



Chapter 11, Solution 31.  
 
 

6667.816
3

4

2

1
)4()2(

2

1
)(

2

1 2

0

1

0

2

1

222 



 








    dtdttdttvV rms  

 
V 944.2rmsV  

 
 
 
 
 
 



Chapter 11, Solution 32.  
 





  

2

1

1

0

222
rms dt0dt)t10(

2

1
I  

10
5

t
50dtt50I 1

0

5
1

0

42
rms    

 
rmsI A162.3  

 



Chapter 11, Solution 33. 
 

3 4
12 2 2 2

0
0 1 3

1 1
( ) 25 25 ( 5 20)

6

T

rmsI i t dt t dt dt t dt
T

 
      

 
     

 
3 3

2 21 41
25 25(3 1) (25 100 400 ) 11.1056

0 36 3 3rms

t t
I t

 
       

 
t  

  
Irms = 3.332 A 

 
 



Chapter 11, Solution 34.  
 
 

472.420

2036
3

9

3

1

6)3(
3

1
)(

1

2

0

3

3

2

22

0

2

0

22





















  

rms

T

rms

f

t

dtdttdttf
T

f

 

 
 

frms = 4.472 
 
 
 
 



Chapter 11, Solution 35.  
 

  
6

5

2
5

4

2
4

2

2
2

1

2
1

0

22
rms dt10dt20dt30dt20dt10

6

1
V  

67.466]1004001800400100[
6

1
V2

rms   

 
rmsV V6.21  

 



Chapter 11, Solution 36.  
 
 

(a) Irms = 10 A 

(b) 
2

9
16

2

3
4

2

22 







 rmsrms VV V 528.4   (checked) 

(c)  A0559  .
2

36
64 rmsI

(d) V 5284  .
2

16

2

25
rmsV

 
 
 
 



Chapter 11, Solution 37.  
 
Design a problem to help other students to better understand how to determine the rms value of 
the sum of multiple currents. 
 
Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 
 
Problem 

Calculate the rms value of the sum of these three currents: 

i1 = 8,   i2 = 4 sin(t + 10),    i3 = 6 cos(2t + 30) A 
 
Solution 
 

 
)302cos(6)10sin(48321

oo ttiiii   

 

 A487.990
2

36

2

16
643

2
2

2
1

2  rmsrmsrmsrms IIII  

 
 
 
 
 
 



Chapter 11, Solution 38. 

 
2 2

1 *
1

220
390.32

124

V
S

Z
    

2 2

2 *
2

220
944.4 1180.5

20 25

V
S j

Z j
   


 

            
2 2

3 *
3

220
300 267.03

90 80

V
S j

Z j
   


 

              1 2 3 1634.7 913.47 1872.6 29.196  VAoS S S S j       
(a)  P = Re(S) = 1634.7 W 
 
(b) Q = Im (S)  = 913.47 VA (leading) 
 
(c )  pf = cos (29.196o) = 0.8732 
 
 



Chapter 11, Solution 39. 
 
(a) ZL = 4.2  + j3.6  = 5.5317 40.6o 
 
    pf = cos 40.6  = 0.7592 
 

2 2

*

220
6.643 5.694 kVA

5.5317 40.6
rms

o

V
S j

Z
   


 

 
P = 6.643 kW 
 
Q = 5.695  kVAR 
 

(b)  
3

1 2
2 2

(tan tan ) 6.643 10 (tan 40.6 tan 0 )
312 F

2 60 220

o o

rms

P x
C

V x x

  
 
 

   ,  

{It is important to note that this capacitor will see a peak voltage of 220 2  = 
311.08V, this means that the specifications on the capacitor must be at least this or 
greater!} 
 

 



Chapter 11, Solution 40. 
 
Design a problem to help other students to better understand apparent power and power 
factor. 
 
Although there are many ways to work this problem, this is an example based on the 
same kind of problem asked in the third edition. 
 
Problem 
 
A load consisting of induction motors is drawing 80 kW from a 220-V, 60 Hz power line 
at a pf of 0.72 lagging.  Find the capacitance of a capacitor required to raise the pf to 
0.92. 
 
Solution 
 
 

0
111 0.72 cos 43.94pf       

0
2 22 0.92 cos 23.07pf       

 

 
3

1 2
2 2

(tan tan ) 80 10 (0.9637 0.4259)
2.4 mF

2 60 (220)rms

P x
C

V x x

 
 
 

   ,  

 
{Again, we need to note that this capacitor will be exposed to a peak voltage of 
311.08V and must be rated to at least this level, preferably higher!} 

 
 
 



Chapter 11, Solution 41.  
 

(a) -j6
j

(-j2)(-j3)
-j3||-j2)2j5j(||2j-   

 
 56.31-211.76j4TZ  

 
 )-56.31cos(pf (leading)5547.0  

 

(b) 52.1j64.0
3j4

)j4)(2j(
)j4(||2j 




  

 





 5.214793.0
44.0j64.1

44.0j64.0
)j52.1j64.0(||1Z  

 
 )5.21cos(pf (lagging)9304.0  

 



Chapter 11, Solution 42. 
 
(a)  S=120,    0.707 cos 45opf     
 cos sin 84.84 84.84 VAS S jS j      

(b)  
120

1.091 A rms
110rms rms rms

rms

S
S V I I

V
      

 

(c)  2
2

71.278 71.278 rms
rms

S
S I Z Z j

I
       

 
(d)   If  Z = R + jL, then      R = 71.278  ɋ 

 
71.278

2 71.278 0.1891  H
2 60

L fL L
x

 


     = 189.1 mH. 

 
 



Chapter 11, Solution 43.  
 
Design a problem to help other students to better understand complex power. 
 
Although there are many ways to work this problem, this is an example based on the same kind 
of problem asked in the third edition. 
 
Problem 

The voltage applied to a 10-ohm resistor is  

v(t) = 5 + 3 cos(t + 10) + cos(2t + 30) V 

(a) Calculate the rms value of the voltage. 

(b) Determine the average power dissipated in the resistor. 
 
 
Solution 
 

(a)   V 477.530
2

1

2

9
253

2
2

2
1

2  rmsrmsrmsrms VVVV  

(b)   W310/30
2


R

V
P rms

 

 
 
 
 





Chapter 11, Solution 45.  
 

 

(a)  V 9.462200
2

60
20

2
22  rmsrms VV  

AI rms 061.1125.1
2

5.0
1

2
2   

 
(b)  p(t) = v(t)i(t) = 20 + 60cos100t – 10sin100t – 30(sin100t)(cos100t); clearly 

the average power = 20W. 
 

 
 
 
 
 





Chapter 11, Solution 47.  
 

(a)  ,   10112V  50-4I  

 60224
2

1
*IVS VAj ]194112[   

Average power =  W112
Reactive power =  VAR194

(b)  ,   0160V  454I  

 45-320
2

1 *IVS 226.3 – j226.3 

 
Average power =  226.3 W 
Reactive power =  –226.3 VAR 
 

(c) 


 30128
30-50

)80( 2

*

2

Z

V
S 110.85 + j64 

 
Average power =  110.85 W 
Reactive power =   VAR64
 

(d)  )45100)(100(
2
ZIS kVAj ]071.7071.7[   

 
Average power =  kW071.7
Reactive power =  kVAR071.7

 



Chapter 11, Solution 48.  
 

(a) VA jQPS j ]150269[   
 

(b)    84.259.0cospf
 

31.4588
)84.25sin(

2000

sin

Q
SsinSQ 





  

 
48.4129cosSP   

 
S [ kVAj ]2129.4   

 

(c) 75.0
600

450

S

Q
sinsinSQ   

59.48 ,  6614.0pf   
 

86.396)6614.0)(600(cosSP   
 
S [ VAj ]4509.396   

 

(d) 1210
40

)220(
S

2
2


Z

V
 

 

8264.0
1210

1000

S

P
coscosSP   

 26.34  
 

25.681sinSQ   
 
S [ kVAj ]6812.01  

 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Chapter 19, Solution 1.  
 
  To get  and , consider the circuit in Fig. (a).  11z 21z

2  8  I  = 0 2

   8)48(||122
1

1
11 I

V
z  

 

1o 2

1
II  ,   12 4 IIV  o  

 2
1

2
21 I

V
z  

 
To get  and , consider the circuit in Fig. (b). 22z 12z

 

 333.3)128(||4
2

2
22 I

V
z  

 

22
'

6

1

204

4
III 


o ,  21 2'12 IIV  o  

 2
2

1
12 I

V
z  

 
Hence, 

][z 







333.32

28
 

12 

8 

4 

+ 

V1 



+ 

V2 



I2 

I1 = 0 2  

(b) 

Io' 

12  4 

+ 

V1 



Io + 

1 I V2 



(a) 



























































































































































































































































































































































Below are answers for the Network Analysis Tutorials. Some of the tutorial pages have random 
parameters. For these pages, there are no fixed right answers, and formulas are provided instead. 
 
Introductory Tutorial (Tut22)  

1. Orange  
2. 12  
3. 3.14159  

 
The Physics of Electricity (Tut1A)  

1. 36000  
2. 32.04  
3. 60  
4. 4.32  
5. 18000  

 
Basic Elements and Circuit Laws (Tut1)  

1. 3  
2. -2  
3. 50  
4. 50  
5. -60  
6. Answerless page  

 
Resistors in Series and Parallel (Tut2)  

1. 4  
2. 1  
3. 10  
4. 17  
5. 11  
6. Formula: R1×R2/(R1 + R2) + (R3 + R4)×R5/(R3 + R4 + R5) + R7  

 
Voltage Dividers and Current Dividers (Tut2A)  

1. 40  
2. 160  
3. 12  
4. 20  

 
Circuit Solving with Kirchhoff's Laws (Tut3)  

1. 3  
2. 2  
3. 3  
4. 5  
5. 4  
6. 6  
7. I6  
8. V9  
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