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Chapter 19 
 
 1.  

 

 
 
 
       = 3 Ω –0°, Z2 = 8 Ω –90°, Z3 = 6 Ω –-90° 
       Z2 || Z3 = 8 Ω –90° || 6 Ω –-90° = 24 Ω –-90° 

 

 I = 
        

� 

E1

Z1 + Z2 || Z3
=

30 VÐ30°
3 Ω - j24 Ω

 = 1.24 A –112.875° 

 I¢  =  = 3.72 A –-67.125° 

 

  

 
 
 
Z1|| Z2 = 3 Ω –0° || 8 Ω –90° = 2.809 Ω –20.556° 

I =   

  = 10.597 A –72.322° 
 

 I≤  =  = 3.721 A –2.878° 

   = I¢  + I≤  = 3.72 A –-67.125° + 3.721 A –2.878° 
     = 1.446 A - j3.427 A + 3.716 A + j0.187 A 
     = 5.162 A - j3.24 A 
     = 6.09 A –-32.12°  
 
2.  
  

 

 
Z1 = 8 Ω –90°, Z2 = 5 Ω –-90° 
I = 0.3 A –60°, E = 10 V –0° 

I¢  = 
        

� 

Z1I
Z1 + Z2

=
(8 Ω Ð90° )(0.3 A Ð 60° )

+ j8 Ω - j5 Ω
=

2.4 AÐ150°
3Ð 90°

  

   = 0.8A –60° 

I≤  = 
        

� 

E
Z1 + Z2

=
10 V Ð0°

+ j8 Ω - j5 Ω
=

10 AÐ0°
3Ð90°

  

    = 3.33 A –-90° 
IC = I¢  -  I≤  
      = 0.8 A –60° - 3.33 A –-90° 
      = (0.4 A + j0.69 A) + j3.33 A 
      = 0.4 A + j4.02 A  
      = 4.04 A –84.32°  
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3.     E: 

  

 
 
Z1 = 3 Ω –90°, Z2 = 7 Ω –-90° 
E = 10 V –90° 
Z3 = 6 Ω –-90°, Z4 = 4 Ω –0° 
Z¢  = Z1|| (Z3 + Z4) 
     = 3 Ω –90° || (4 Ω - j6 Ω) 
     = 3 Ω –90°  || 7.21 Ω –-56.31° 
     = 4.33 Ω –70.56° 

V1 =   

    = 
      

� 

(4.33 Ω Ð 70.56° )(10 V Ð 90° )
(1.44 Ω + j4.08 Ω) - j7 Ω

  

    =  = 13.28 V –224.31° 

I¢  =  =   

   = 4.43 A –134.31° 
 
  I:   

    

 
 
Z≤ = Z3 + Z1|| Z2 
    = -j6 Ω + 3 Ω –90° || 7 Ω –-90° 
    = -j6 Ω + 5.25 Ω –90° 
    = -j6 Ω + j5.25 Ω  
    = -j0.75 Ω = 0.75 Ω–-90° 

 CDR:  I3 =  = 
      

� 

(4 Ω Ð0°)(0.6 A Ð120°)
4 Ω - j0.75 Ω

=
2.4 AÐ120°

4.07Ð -10.62°
  

       = 0.59 A –130.62° 

   I≤  =  =   

       = 1.03 A –130.62° 
 
   IL = I¢  - I≤  (direction of I¢) 
       = 4.43 A –134.31° - 1.03 A –130.62° 
       = (-3.09 A + j3.17 A) - (-0.67 A + j0.78 A) = -2.42 A + j2.39 A 
       = 3.40 A –135.36°  
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4. I: 
 
 
 
 
 
 
  

 

        

� 

X C1
=

1
2p (20 kHz)(6.8 nF)

 = 1.17 kΩ 

        

� 

X C2
=

1
2p (20 kHz)(3.3 nF)

 = 2.41 kΩ 

  Z¢  = 2.41 kΩ –-90° + 1.01 kΩ –-59.67° 
= -j2.41 kΩ + 0.510 kΩ - j0.871 kΩ 
= 0.510 kΩ - j3.28 kΩ 

  IC = 
        

� 

R2I
R2 + ¢ Z 

=
(3.9 kΩ Ð 0°)(6 mAÐ180°)

3.9 kΩ + 0.510 kΩ - j3.28 kΩ
 

= 
      

� 

23.4 mAÐ180°
4.41Ð - j3.28

=
23.4 mAÐ180°

5.5Ð -36.64°
 

= 4.25 mA –216.64° 
        

� 

VC1
 = IC      

� 

XC2
 = (4.25 mA –216.64°)(2.41 kΩ –-90°) 

= 10.24 V –126.64° 
 
 E:  
 

 

 

 

  Z¢  = (1.17 kΩ –-90°) || (3.9 kΩ - j2.41 kΩ) = (1.17 kΩ –-90°) || (4.58 kΩ –-31.71°) 

= 
      

� 

(1.17 kΩ Ð - 90°)(4.58 kΩÐ -31.71°)
- j1.17 kΩ + j3.9 kΩ - j2.41 kΩ

=
5.36 kΩÐ -121.71°

3.9 - j3.58
 

= 
    

� 

5.36 kΩÐ -121.71°
5.29Ð -42.55°

 = 1.01 kΩ –-79.16° 

  
VZ¢ = 

      

� 

¢ Z (E)
¢ Z + R1

=
(1.01 kΩ Ð - 79.16°)(14 VÐ 0°)

2 kΩ +1.01 kΩÐ -79.16°
 

= 
      

� 

14.14 V Ð -79.16°
2 + 0.189 - j0.991

=
14.14 V Ð -79.16°

2.189 - j0.991
=

14.14 V Ð -79.16°
2.4Ð -24.36°

 

= 5.89 V –-54.8° 

  
        

� 

VC2
=

XC2
VZ

¢

XC2
+ R 2

=
(2.41 kΩ Ð -90°)(5.89 VÐ -54.8°)

- j2.41 kΩ + 3.9 kΩ
=

14.195 VÐ -144.8°
3.9 kΩ - j2.41 kΩ

 

= 
    

� 

14.195 VÐ -144.8°
4.58Ð -31.71°

 = 3.1 V –-113° 

2 kΩ 1.17 kΩ 3.9 kΩ

2.41 kΩ

VC1

+ −

6 mA ∠ 180°

(2 kΩ ∠ 0°) || (1.17 kΩ ∠ −90°) = 1.01 kΩ ∠ −59.67°

}

IC

1.17 kΩ 3.9 kΩ

2.41 kΩ2 kΩ

VC2

+ −

14 V ∠ 0°

Z′

+

−
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  VC =       

� 

VC1
+ VC2

 
= 10.24 V –126.64° + 3.1 V –-113° 
= (-6.11 V + j8.21 V) + (-1.21 V - j2.85 V) 
= -7.31 V + j5.36 V 
= 9.06 V –143.75° 

 
5. E: 

 

XL = 2π fL = 2π(10 kHz)(20 mH) 
= 1.26 kΩ 

XC = 
        

� 

1
2p fC

=
1

2p (10 kHz)(0.01 mF)
 

= 1.59 kΩ 
 
  ZT = R1 –0° + XC –-90°) || (R2 –0° + XL – 90°) 

= 1 kΩ + (1.59 kΩ –-90°) || 

        

� 

(2.2 kΩ + j1.26 kΩ

2.54 kΩÐ 29.8°
! " # # # $ # # # ) 

= 1 kΩ + 
      

� 

(1.59 kΩÐ -90°)(2.54 kΩÐ 29.8° )
- j1.59 kΩ + 2.2 kΩ + j1.26 kΩ

 

= 1 kΩ + 
      

� 

4.04 kΩÐ -60.2°
2.2 - j0.33

 = 1 kΩ + 
    

� 

4.04 kΩÐ -60.2°
2.23Ð -8.46°

 

= 1 kΩ + 1.81 kΩ –-51.74° = 1 kΩ + (1.12 kΩ - j1.42 kΩ) 
= 2.12 kΩ - j1.42 kΩ 
= 2.55 kΩ –-33.82° 

  Is = 
      

� 

E
ZT

=
16 VÐ 60°

2.55 kΩÐ -33.82°
 = 6.27 mA –93.82° 

  
        

� 

I L1
=

(X C Ð -90°)(I s )
X C Ð -90° + R2 Ð 0° + X L Ð 90°

 

= 
      

� 

(1.59 kΩÐ -90° )(6.27 mAÐ 93.82° )
- j1.59 kΩ + 2.2 kΩ + j1.26 kΩ

 

= 
      

� 

9.97 mAÐ 3.82°
2.2 - j0.33

=
9.97 mAÐ 3.82°

2.22Ð -8.53°
 

  �≠    

� 

IL1
= 4.49 mA –12.35° 

 
 I:  
 
 
 
 
 
 
 
 
 
 
 
 

C

IL1Is

R1 R2

+

−

E L

 

(1 kΩ –0°) || (1.59 kΩ –-90°) = 847.74 Ω –-32.17° 
Z¢  = XL + 847.74 Ω –-32.17° 

= j1.26 kΩ + 717.59 Ω - j451.36 Ω 
= 0.72 kΩ + j0.81 kΩ 
= 1.08 kΩ –48.36° 

1 kΩ

2.2 kΩ

1.59 kΩ

1.26 kΩ

8 mA ∠ 30°

}

IL2

Z′
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� 

I L2
 = 

        

� 

R2(I)
R2 + ¢ Z 

=
(2.2 kΩ Ð 0°)(8 mAÐ 30°)

2.2 kΩ + 0.72 kΩ + j0.81 kΩ  
 

= 
      

� 

17.6 mAÐ 30°
2.92 + j0.81

=
17.6 mAÐ 30°
3.03Ð15.50°

 

= 5.81 mA –14.5° 
  IL =       

� 

IL1
- IL2

 (direction of     

� 

IL1
) 

= (4.49 mA –12.35°) - (5.81 mA –14.5°) 
= (4.39 mA + j0.96 mA) - (5.62 mA + j1.45 mA) 
= -1.23 mA - j0.49 mA 
= 1.32 mA –-158.2° 

 
6. AC: 
 
 
 
 
 
 
 
  Z1 = 212.77 Ω –-90°, Z2 = 47 Ω – 0°, Z3 = 22 Ω + j47 Ω = 51.89 Ω –64.92° 
  Z2|| Z3 = 29.23 Ω –30.66° 
  ZT = Z1 + Z2|| Z3 = -j212.77 Ω + 25.14 Ω + j14.91 Ω 
       = 25.14 Ω - j197.86 Ω = 199.45 Ω –-82.76° 
 

  Is = 
        

� 

E
ZT

=
20 VÐ 60°

199.45 ΩÐ -82.76°
 = 0.1 A –142.76° 

 

  I = 
        

� 

Z3I s

Z3 + Z2

=
(51.89 Ω Ð 64.92°)(0.1 A Ð142.76°)

22 Ω + j47 Ω + 47 Ω
=

5.19 AÐ 207.68°
83.49Ð 34.26°

 

  I = 62.16 mA  – 173.42° 
  and i = 62.16 ¥  10-3 sin (1000t + 173.42°) 
 
 DC: 
 
 
 
 
 
 
 
 
  i = -72.46 mA + 62.16 ¥  10-3 sin (1000t + 173.42°) 
 
 
 
 
 
 

 

XC = 
        

� 

1
2pfC

=
1
wC

=
1

(1000)(4.7 mF)
 

   =  212.77 Ω 
XL = 2pfL = wL = (1000)(47 mH)  
     = 47 Ω 

 

I =  

   = 72.46 mA 
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7. DC: 
 
 
 
 
 
 
 
 AC: 
 
 
 
 
 
 
 
  VC = ICXC = (2.65 A –6.34°)(1 Ω –-90°) = 2.65 V –-83.66° 
       = 12 V + 2.65 V –-83.66°  
  υC = 12 V + 3.75 sin(ωt -  83.66°) 
 
8.  
 
 
 
 
 
 
 
 
 Z¢  = Z1 | |  Z2 = 10 kΩ –0° || 7.071 kΩ –-45° = 4.472 kΩ –-26.57° 
 

 (CDR) I¢ = 
        

� 

¢ Z I
¢ Z + Z3

=
(4.472 kΩ Ð -26.57°)(5 mAÐ 0°)

4 kΩ - j2 kΩ + j5 kΩ
=

22.36 mAÐ -26.57°
5Ð 36.87°

 

      = 4.472 mA –-63.44° 
 

 

 
 
 
 
Z≤  = Z2 | |   Z3  
      = 7.071 kΩ –-45° ||  5 kΩ –90° 
      = 7.071 kΩ –45° 

 

 (VDR) V¢  =  

       = 8.945 V –26.565° 

 

 
 
 
 
 
 
 

IC = 
        

� 

(6 ΩÐ 0°)(I)
6 Ω + 3 Ω - j1 Ω

 

   = 
      

� 

(6 ΩÐ 0°)(4 AÐ 0°)
9 Ω - j1 Ω

 

   =  

   = 2.65 A –6.34° 

 

 
E = 20 V –0° 
Z1 = 10 kΩ –0° 
Z2 = 5 kΩ - j5 kΩ 
     = 7.071 kΩ –-45° 
Z3 = 5 kΩ –90° 
I = 5 mA –0° 
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   I≤  =  = 1.789 mA –-63.435° = 0.8 mA - j1.6 mA 

 I = I¢  + I≤  = (2 mA - j4 mA) + (0.8 mA - j1.6 mA) = 2.8 mA - j5.6 mA  
          = 6.26 mA –-63.43°  
 
9.  
 
 
 
 
 
 
 

  I¢  =  =  = 0.179 A –-26.57° 

 

        

I≤  =  =  

     = 0.447 mA –-26.57° 
IL = I¢  - I≤  (direction of I¢) 
    = 179 mA –-26.57° - 0.447 mA –-26.57° 
    = 178.55 mA –-26.57°  

 
10. µV:  
 
 
 
 
 
 
 

  V¢L = 
          

� 

-Z3(mV)
Z1 + Z2 + Z3

=
-(4 kΩ Ð 0°)(20)(2 VÐ 0°)

5 kΩ - j1 kΩ + 4 kΩ
 = -17.67 V –6.34° 

 
       I:  

     

CDR:  I¢  =  

      =  

      = 1.104 mA –6.34° 
 
  V≤L = -I¢Z3 = -(1.104 mA –6.34°)(4 kΩ –0°) = -4.416 V –6.34° 
  VL = V¢L + V≤L = -17.67 V –6.34° - 4.416 V –6.34° = -22.09 V –6.34°  
 

 

 
          Z1 = 20 kΩ –0° 
          Z2 = 10 kΩ –90° 
          I = 2 mA –0° 
          E = 10 V –0° 

 

 
 
Z1 = 5 kΩ –0°, Z2 = 1 kΩ –-90° 
Z3 = 4 kΩ –0° 
V = 2 V –0°, µ = 20 
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11.  

 

 
 
Z1 = 20 kΩ –0° 
Z2 = 5 kΩ + j5 kΩ 

  I¢  =  =  = 78.45 mA –-11.31° 

 

     

 
 
 

I≤  =  =  

    = 7.845 mA –-11.31° 
  IL = I¢  - I≤  (direction of I¢) 
     = 78.45 mA –-11.31° - 7.845 mA –-11.31° 
     = 70.61 mA –-11.31°  
 
 12. 
 

 

Z1 = 2 kΩ –0°, Z2 = 2 kΩ –0° 
VL = -ILZ2 
IL = hI + I = (h + 1)I 
VL = -(h + 1)IZ2 
and by KVL: VL = IZ1 + E 

so that I =  

 VL = -(h + 1)IZ2 = -(h + 1)   

  Subt. for Z1, Z2 
 
   VL = -(h + 1)(VL - E) 
   VL(2 + h) = E(h + 1) 

   VL =  (20 V –53°) = 19.62 V –53°  

 
 
13. I1:  
 

 

 
 
I1 = 1 mA –0° 
Z1 = 2 kΩ –0° 
Z2 = 5 kΩ –0° 

  KVL: V1 - 20 V - V = 0  I¢ =  \  I¢  =  or V =  

    V1 = 21 V 
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  V = I5kΩZ2 = [I1 - I¢]Z2 

  = I1Z2 - I¢Z2 

  I¢
      

� 

Z1

21
+ Z2

é 

ë 
ê 

ù 

û 
ú  = I1Z2 

  and I¢  =  [I1] = 

    

� 

(5 kΩÐ 0°)(1 mAÐ 0° )
2 kΩÐ 0°

21
æ 

è 
ç 

ö 

ø 
÷ + 5 kΩÐ 0°

 = 0.981 mA –0° 

 I2: 

   

V1 = 20 V + V = 21 V 

I≤  =  fi  V =  

I5kΩ =  

 

  I≤  = I2 - I5kΩ = I2 -  

   I≤
      

� 

1+ Z1

21Z2

é 

ë 
ê 

ù 

û 
ú  = I2 

  I≤  =  = = 1.963 mA –0° 

  I = I¢  + I≤  = 0.981 mA –0° + 1.963 mA –0° 
          = 2.94 mA –0°  
 
14.  E1: 
 

  
 
  10 V –0° - I 10 Ω - I 2 Ω - 4 Vx = 0 
   with Vx = I 10 Ω 
 
  Solving for I: 

   I =  = 192.31 mA –0° 

   = 10 V –0° - I(10 Ω) = 10 V - (192.31 mA –0°)(10 Ω –0°) = 8.08 V –0° 
 
 



CHAPTER 19 241 

 I: 

       SIi = SIo 

   5 A –0° +  = 0 

       5 A + 0.1 Vx + 2.5 Vx = 0 
                                      2.6 Vx = -5 A 

                                     Vx =  = -1.923 V 

   = -Vx = -(-1.923 V) = 1.923 V –0° 
  Vs =   = 8.08 V –0° + 1.923 V –0° = 10 V –0°  
 
15. ZTh: 
 

        

 
Z1 = 3 Ω –0°, Z2 = 4 Ω –90° 
E = 100 V –0° 
ZTh = Z1 || Z2 = (3 Ω –0° || 4 Ω –90°) 
       = 2.4 Ω –36.87°  = 1.92 Ω + j1.44 Ω 

 ETh: 

       

 
 

ETh =   

       = 80 V –36.87°  

16. ZTh: 
 

        

ZTh = Z3 + Z1 || Z2  
       = +j6 kΩ + (2 kΩ –0° || 3 kΩ –-90°) 
       = +j6 kΩ + 1.664 kΩ –-33.69° 
      = +j6 kΩ + 1.385 kΩ -j0.923 kΩ 
       = 1.385 kΩ + j5.077 kΩ 
       = 5.26 kΩ –74.74°  

 ETh: 

  

 
 

ETh = 
        

� 

Z2E
Z2 + Z1

=
(3 kΩ Ð -90°)(20 VÐ 0°)

2 kΩ - j3 kΩ
 

      =  = 16.64 V –-33.69°  
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17. From #35.  ZTh = Z1 || Z2 
  ZTh = ZN = 21.31 Ω –32.2°  
 

   

 
 
ETh = IZ¢  = IZTh 
       = (0.1 A –0°)(21.31 Ω –32.12°) 
       = 2.13 V –32.2°  

 
18. ZTh      XL = 2π fL = 2π(1 kHz)(12 mH) = 75.4 Ω 
 
 
 
 
 
 ZTh = (120 Ω –0°) || 

        

� 

470 Ω + j75.4 Ω

476.01Ð 9.11°
! " # # $ # # ) 

= 
      

� 

(120 ΩÐ 0°)(476.01 ΩÐ 9.11° )
120 Ω + 470 Ω + j75.4 Ω

 

= 

        

� 

57.12 kΩÐ 9.11°
590 + j75.4 Ω
594.8Ð7.28°
! " # # $ # # 

 

 ZTh = 96.03 Ω –1.83° 
 
 ETh Source conversion: 
  E2 = IZ = (2 mA –-90°)(470 Ω –0°) = 0.94 V –-90° 
  Rs = 470 Ω 

   

  I = 
      

� 

8 VÐ 0° -  0.94 VÐ -90°
120 Ω + 470 Ω + j75.4 Ω

 

= 
      

� 

8 VÐ 0° -  (- j0.94 V)
590 Ω + j75.4 Ω

=
8 V + j0.94 V

594.8 ΩÐ 7.28°
 

= 
    

� 

8.055 VÐ 6.70°
594.8 ΩÐ 7.28°

 

= 13.54 mA –-0.58° 
  ETh = 8 V –0° - IR = 8 V –0° - (13.54 mA –-0.58°)(120 Ω) 

= 8 V –0° - 1.62 V –-0.58° 
= 8 V - (1.62 V - j16.4 ¥ 10-3 V) 
= 8 V - 1.62 V + j16.4 ¥ 10-3 V 
= 8 V - 1.62 V + j0.016 V 
= 6.38 V + j16.4 ¥ 10-3 V 

+

−

+

−

+

−

450 Ω75.4 Ω120 Ω

8 V ∠ 0° 0.94 V ∠ −90°ETh

I

470 Ω

75.4 Ω120 Ω

ZTh
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19. 
        

� 

X C1
= X C2

=
1

2p fC
=

1
2p (1 kHz)(0.047 mF)

 = 3.39 kΩ 

 
 Source conversions: 

Z¢  = R1 +     

� 

XC1
 = 2 kΩ - j3.39 kΩ = 3.94 kΩ –-59.46° 

I1 = 
      

� 

E1
¢ Z 
=

10 VÐ 0°
3.94 kΩÐ -59.46°

 = 2.53 mA –59.46° 

I2 = 
      

� 

E2

R2
=

10 VÐ 0°
2 kΩÐ 0°

 = 5 mA –0°, E = IZ = (5 mA –0°)(2 kΩ –0°) = 10 V –0° 

  
 
 IT = I1 - I2 = 2.53 mA –59.46° - 5 mA –0° 

= 1.29 mA + j2.18 mA - 5 mA 
= -2.47 mA + j2.18 mA 
= 3.29 mA –138.57° 

 Z¢ || R2 = (3.94 kΩ –-59.46°) || (2 kΩ –0°) 

= 
      

� 

(3.94 kΩÐ -59.46° )(2 kΩÐ 0° )
2 kΩ - j3.39 kΩ + 2 kΩ

 

= 
      

� 

7.88 kΩÐ -59.46°
4 - j3.39

=
7.88 kΩÐ -59.46°

5.24Ð -40.28°
 

= 1.51 kΩ –-19.18° 
 Source conversion: 

E¢  = IZ = (3.29 mA –138.57°)(1.51 kΩ –-19.18°) 
= 4.97 V –119.39° 

 

  
 

ZTh = (2 kΩ –0°) || (1.51 kΩ –-19.18° - j3.39 kΩ) 
= (2 kΩ –0°) || (1.43 kΩ - j0.496 kΩ - j3.39 kΩ) 
= (2 kΩ –0°) || (1.43 kΩ - j3.89 kΩ) 
= (2 kΩ –0°) || (4.14 kΩ –-69.82°) 

= 
      

� 

(2 kΩÐ 0° )(4.14 kΩÐ -69.82°)
2 kΩ +1.43 kΩ - j3.89 kΩ

 

= 
      

� 

8.28 kΩÐ -69.82°
3.43 - j3.89

 

2 kΩ3.39 kΩ

I1 I2Z′

+

−

R3

R2

C2

E = 10 V ∠ 0°

3.39 kΩ 2 kΩ

+

−

1.51 kΩ ∠ −19.18°

+

−

+

−
E′

E
ETh

I′
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= 
    

� 

8.28 kΩÐ -69.82°
5.19Ð -48.6°

 

ZTh = 1.6 kΩ –-21.22° 

I¢  = 
        

� 

¢ E + E
2 kΩ - j3.39 kΩ +1.51 kΩÐ -19.18°

 

= 
      

� 

4.97 VÐ119.39° +10 VÐ 0°
2 kΩ - j3.39 kΩ +1.43 kΩÐ - j0.496 kΩ

 

= 
      

� 

-2.44 V + j4.33 V +10 V
3.43 kΩ - j3.89 kΩ

 

= 
      

� 

7.56 V + j4.33 V
5.19 kΩÐ -48.6°

=
8.71 VÐ 29.8°

5.19 kΩÐ -48.6°
 

= 1.68 mA –78.4° 
ETh - V2kΩ + E = 0 
 ETh = V2kΩ - E 

= (I¢)(2 kΩ) - 10 V –0° 
= (1.68 mA –78.4°)(2 kΩ –0°) - 10 V 
= 3.36 V –78.40° - 10 V 
= 0.68 V + j3.29 V - 10 V 
= -9.32 V + j3.29 V 

 ETh = 9.88 V –160.56° 
 
20.  
 
 
 
 
 
 
 ZTh = (8 Ω –-90°) || (10 Ω + 2 Ω || 4 Ω –90°) 

= (8 Ω –-90°) || 

        

� 

10 Ω +
8 ΩÐ 90°

2 + j4
æ 

è 
ç 

ö 

ø 
÷ 

10 Ω +
8 ΩÐ 90°

4.47Ð 63.44°
10 Ω +1.79 ΩÐ 26.56°
10 Ω +1.6 Ω + j0.8 Ω

11.6 Ω + j0.8 Ω

11.63 ΩÐ 3.95°
! " # # $ # # 

! " # # # $ # # # 

! " # # # # $ # # # # 
! " # # # $ # # # 

! " # # # $ # # # 
 

= (8 Ω –-90°) || (11.63 Ω –3.95°) 

= 
      

� 

92.8 ΩÐ -86.05°
- j8 +11.6 + j0.8

=
92.8 ΩÐ -86.05°

11.6 - j7.2
 

= 
    

� 

92.8 ΩÐ -86.05°
13.65Ð -31.83°

 

 ZTh = ZN = 6.79 Ω –-54.22° 
 

2 Ω 4 Ω 8 Ω

10 Ω

ZTh
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Z1 = 2 Ω –0°, Z3 = 8 Ω –-90° 
Z2 = 4 Ω –90°, Z4 = 10 Ω –0° 
E = 50 V –0° 
ETh = V2 + V4 

V2 =  

     = 
      

� 

(4 ΩÐ 90° )(50 VÐ 0°)
+ j4 kΩ + 2 ΩÐ 0° || (10 Ω - j8 Ω)

 

     = 47.248 V –24.7° 
 
 V1 = E - V2 = 50 V –0° - 47.248 V –24.7° = 20.972 V –-70.285° 

 V4 =  = 
      

� 

(10 ΩÐ 0° )(20.972 VÐ -70.285°)
10 Ω - j8 Ω

 = 16.377 V –-31.625° 

 ETh = V2 + V4 = 47.248 V –24.7° + 16.377 V –-31.625° 
        = (42.925 V + j19.743 V) + (13.945 V - j8.587 V) 
        = 56.870 V + j11.156 V = 57.95 V –11.10°  
 
21. ZTh: 
 

  

 
Z1 = 10 Ω –0°, Z2 = 8 Ω –90° 
Z3 = 8 Ω –-90° 

 
  ZTh = Z3 + Z1 || Z2  
        = -j8 Ω + 10 Ω –0° || 8 Ω –90° 
        = -j8 Ω + 6.247 Ω –51.34° 
        = -j8 Ω + 3.902 Ω + j4.878 Ω 
        = 3.902 Ω - j3.122 Ω 
        = 5.00 Ω –-38.66°  
 
 ETh:  Superposition: 

(E1) 
    
 
 
 
 

(I) 
 

 

E¢Th =  

        =  

        = 74.965 V –51.34° 
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        E≤Th =  
          = IZ3 + I(Z1 || Z2) 
       = I(Z3 + Z1 || Z2) 
       = (0.5 A –60°)(-j8 Ω + 10 Ω –0° || 8 Ω –90°) 
       = (0.5 A –60°)(-j8 Ω + 3.902 Ω + j4.878 Ω) 
       = (0.5 A –60°)(3.902 Ω - j3.122 Ω) 
       = (0.5 A –60°)(4.997 Ω –-38.663°) 
       = 2.499 V –21.337° 
         ETh = E¢Th + E≤Th 
       = 74.965 V –51.34° + 2.449 V –21.337° 
       = (46.83 V + j58.538 V) + (2.328 V + j0.909 V) 
       = 49.158 V + j59.447 V = 77.14 V –50.41°  
 
22. ZTh: 

        
 

 
 
 
                   ZTh = Z = 10 Ω - j10 Ω = 14.14 Ω –-45°  

 ETh: 
   

  

ETh = E - VZ 
      = 20 V –40° - IZ 
      = 20 V –40° - (0.6 A –90°)(14.14 Ω –-45°) 
      = 20 V –40° - 8.484 V –45° 
      = (15.321 V + j12.856 V) - (6 V + j6 V) 
      = 9.321 V + j6.856 V 
      = 11.57 V –36.34°  

 
 
23. a. 
  
 
 
 
 
 

AC: 
ETh: 

 
 

Z1 =  

Z3 = 22 Ω +  wL –90° 
     = 22 Ω + j47 Ω 
     = 51.89 Ω – 64° 

  ETh = 
        

� 

Z3E
Z3 + Z1

=
(51.89 ΩÐ 64.92° )(20 VÐ 60°)

22 Ω + j47 kΩ - j212.77 Ω
 = 6.21 V –  207.36°  

 
  ZTh: 
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  ZTh = Z1 || Z2 = 
      

� 

(212.77 ΩÐ -90° )(51.89 ΩÐ 64.92°)
- j212.77 Ω + 22 Ω + j47 kΩ

 

     = 66.04 Ω –57.36 °  = 35.62 Ω + j55.61 Ω 
 
 DC: 
 
 
 
 
 

ETh: 

 
 

 
 
 
 
ETh = -5 V 

 RTh: 

 

 
 
 
RTh = 22 Ω 

 
 b. 
  
 
 
 
 
 

AC: 

 
 

 

I =  

   = 
      

� 

6.21 VÐ 207.36°
35.62 Ω + j55.61 Ω + 47 Ω

 

   = 
      

� 

6.21 VÐ 207.36°
82.62 Ω + j55.61 Ω

 

   = 
    

� 

6.21 VÐ 207.36°
99.59 ΩÐ 33.94°

 

   = 62.36 mA –173.42°  
 
 

DC: 

 
 

 
 
 

I =  

   = 72.46 mA 

  i = -72.46 mA + 62.36 ¥  10-3 sin (1000t + 173.42°) 
  matching the results of Problem 4. 
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24. a.      ZTh: 

   

 
 
 
 
¨ZTh =  = 6 Ω + 3 Ω = 9 Ω 
 
 

  DC: 
  
 

          E¢Th = 12 V   
 
 
 
  AC: 
  
 

               ¨E≤Th =  = (4 A – 0°)(6 Ω –0°) = 24 V – 0° 
 
 
 
    ETh = 12 V + 24 V – 0° 
     (DC) (AC) 
  
 b. 

 

DC: VC = 12 V 

AC: VC =  

      =  

      =  

VC = 2.65 V –-83.66° 
 
  υC = 12 V+ 2.65 V –-83.66° 
       = 12 V + 3.75 sin(w t -  83.66°) 
 
25. a. ZTh: 

   

 
 
 

Z1 = 1 Z1 = 10 kΩ –0° 
Z2 = 5 Z2 = 5 kΩ - j5 kΩ 

                = 7.071 kΩ –-45° 
 
  ZTh = Z1 || Z2 = (10 kΩ –0°) || (7.071 kΩ –-45°) = 4.47 kΩ –-26.57°  
 
  Source conversion: 
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   E1 = (I–θ)(R1–0°) = (5 mA –0°)(10 kΩ –0°) = 50 V –0° 
 

   

ETh =  

= 
      

� 

(7.071 kΩÐ -45° )(20 VÐ 0° + 50 VÐ 0°)
(5 kΩ - j5 kΩ) + (10 kΩ)

 

= 
      

� 

(7.071 kΩÐ -45° )(70 VÐ 0°)
(15 kΩ - j5 kΩ)

 

=  

= 31.31 V –-26.57°  
 

 b. I = 
        

� 

ETh

ZTh + ZL
=

31.31 VÐ -26.565°
4.472 kΩÐ -26.565° +5 kΩÐ 90°

 

    = 
      

� 

31.31 VÐ -26.565°
4 kΩ - j2 kΩ + j5 kΩ

=
31.31 VÐ -26.565°

4 kΩ + j3 kΩ
 

     =  = 6.26 mA –63.44°  

 
26. 

 

 
Z1 = 10 kΩ – 0° 
Z2 = 10 kΩ – 0° 
Z3 = 1 kΩ – -90° 

 
  ZTh = Z3 + Z1  | |  Z2 = 5 kΩ - j1 kΩ @ 5.1 kΩ –-11.31°  
 

 ETh:  (VDR)   ETh = = 10 V 

 
27.     ZTh: 

  

 
 

Z1 = 40 = 40 kΩ –0° 
Z2 = 0.2 = 0.2 kΩ –-90° 
Z3 = 5   = 5 kΩ –0° 

 
 ZTh = Z3 | |  (Z1 + Z2) = 5 kΩ –0° || (40 kΩ - j0.2 kΩ) = 4.44 kΩ –-0.03°  
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I¢  =  

    =  

    = 88.89 I –0.255° 
 
  ETh = -I¢Z3 = -(88.89 I –0.255°)(5 kΩ –0°) = -444.45 ¥  103 I –0.26°  
 
28. ZTh: 
  

 

 

                                           ¨ ZTh = Z1 = 20 kΩ –0°  

 
 ETh: 

   

 
 
E¢Th = -(hI)(Z1) 
       = -(100)(2 mA – 0°)(20 kΩ – 0°) 
       = -4 kV –0° 

 
 
 
 
 
 
 E:  

   

 
 
      ETh = E¢Th + E≤Th 
       = -4 kV –0° + 10 V –0° 
       = -3990 V –0°  

 
29.     ZTh: 

      

 
Z1 = 5 k       = 5 kΩ –0°  Z2 = -j1  

 
                             ¨ZTh = Z1 + Z2 =  5 kΩ - j1 kΩ  
          = 5.10 kΩ  –-11.31°  
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 ETh: 

  

ETh = 1  

ETh = [µV +    

� 

VZ1
] 

      = -µV -  IZ1 
      = -(20)(2 V –0°) − (2 mA –0°)(5 kΩ –0°) 
      = −50 V –0°  

 
 
30. ZTh: 

   

Z1 = 20 kΩ – 0° 
Z2 = 5 kΩ – 0° 
 
¨ZTh = Z1 + Z2 = 25 kΩ –  0°  

 ETh: 

     

 
 

ETh = �µV - (hI)(Z1) 
      = (20)(10 V – 0°) - (100)(1 mA –0°)(20 kΩ – 0°) 
      = -1800 V –0°  

 
 
31.     ETh:  (Eoc) 

     

 
 
hI = -I Z1 = 2 kΩ –0° 
        \I = 0 
and    hI = 0 
with  Eoc = ETh = E = 20 V –53°  

 Isc: 

    

 
 
          Isc = -(h + 1)I   
              = -(h + 1)(10 mA –53°) 
              = -510 mA –53° 

   ZTh =  = -39.22 Ω –0°  (negative resistance) 
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32.     ETh: 

  

 
 
E¢oc  = 21 V  Z1 = 5 kΩ –0°   
V = I1Z1 = (1 mA –0°)(5 kΩ –0°) 
                        = 5 V –0° 
E¢oc = E¢Th = 21 V = 21(5 V –0°) 
      = 105 V –0° 
 
  
                    V = I2Z1 
   = (2 mA –0°)(5 kΩ –0°) 
                        = 10 V –0° 
E≤oc = E≤Th = V + 20 V = 21 V = 210 V –0° 

 
 Isc: 

  

              
                                      
 
I¢ sc = I1 
 
 
 
 
 
 
20 V = V \ V = 0 V 
               and I¢  = 0 A 
\  I≤sc = I2 

   Isc = I¢ sc + I≤ sc = 3 mA –0° 
   Eoc = E¢oc + E≤oc = 105 –0° + 210 V –0° = 315 V –0° = ETh 

   ZTh =  = 105 kΩ –0°  

33.     Eoc: 
 (ETh) 

   
 
  KVL: -6 Ix(2 kΩ) - Ix(1 kΩ) + 8 V –0° - Ix(3.3 kΩ) = 0 

    Ix =  = 0.491 mA –0° 

   Eoc = ETh = Ix(3.3 kΩ) = 1.62 V –0°  
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 Isc: 

   

   Isc =  = 2.667 mA –0° 

   ZTh =  =  = 607.42 Ω –0°  

   
 
34. From Problem 15:  ZN = ZTh = 1.92 Ω + j1.44 Ω = 2.4 Ω –36.87°  
 
 IN:  

   

 
 
Z1 = 3 Ω –0°, Z2 = 4 Ω –90° 

Isc = IN =   

    = 33.33 A –0°  

 
35.  
   

  

     Z1 = 20 Ω + j20 Ω = 28.284 Ω –45° 
     Z2 = 68 Ω –0° 
 
 ¨ZN = Z1 | |  Z2 
                            = (28.284 Ω –45°) || (68 Ω –0°) 
                            = 21.31 Ω –32.2°  
 
 
 
  ¨             Isc = I = IN = 0.1 A –0° 
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36. From Problem 21: ZN = ZTh = 5.00 Ω –-38.66°  
 

 IN: Superposition: 
 
 (E1) 

  

ZT = Z1 + Z2 || Z3 
    = 10 Ω + 8 Ω –90° ||  8 Ω –-90° 

    = 10 Ω +  

    = very large impedance 

Is =  = 0 A 

and   = 0 V 
with  = E1 = 120 V –0° 

so that I¢ sc =  =   

       = 15 A –90° 
 
 (I) 

  

 
 
 
                    I≤ sc = I = 0.5 A –60° 

 
  IN = I¢ sc + I≤sc = + j15 A + 0.5 A –60° = + j15 A + 0.25 A + j0.433 A 
       = 0.25 A + j15.433 A = 15.44 A –89.07°  
 
37.     a.     ZN: 

   

 
 
          E = 20 V –0°, I2 = 0.4 A –20° 
         Z1 = 6 Ω + j8 Ω = 10 Ω –53.13° 

= 9    Z2 = 9 Ω - j12 Ω = 15 Ω –-53.13° 
         ZN = Z1 || Z2 = (10 Ω –53.13°) || (15 Ω –-53.13°) 
               = 9.66 Ω –14.93°  

 
  IN: 
  (E)      (I2) 

   

 
 I¢ sc = E/Z1 = 20 V –0°/10 Ω –53.13°  I≤ sc = I2 = 0.4 A –20° 

       = 2 A –-53.13° 
   IN = I¢ sc + I≤ sc = 2 A –-53.13° + 0.4 A –20° 
       = 2.15 A –-42.87°  
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38. ZN: 

  

 
E1 = 120 V –30°, Z1 = 3 Ω –0° 
Z2 = 8 Ω - j8 Ω, Z3 = 4 Ω –90° 

 
  ZN = Z3 + Z1 || Z2 
      = 4 Ω –90° + (3 Ω –0°) || (8 Ω - j8 Ω) 
      = 4.37 Ω –55.67°  = 2.47 Ω + j3.61 Ω 
 IN: 
   

  

I =  

  = 
      

� 

120 VÐ 30°
3 Ω + (8 Ω - j8Ω) || 4ΩÐ 90°

 

  =  

  = 18.05 A –-16.22° 
 

 Isc = IN = 
        

� 

Z2(I)
Z2 + Z3

=
(8 Ω - j8Ω)(18.05 AÐ -16.22°)

8 Ω - j8 Ω + j4 Ω
 = 22.83 A –-34.65°  

 
39. a. 
  
 
 
 
 
 

AC: 
IN: 

 
 

Z1 =  
Z3 = 22 Ω + j47 Ω 
     = 51.89 Ω – 64° 

  IN = 
      

� 

E
Z1

=
20 V Ð60°

212.77 Ω Ð - 90°
 = 94 mA –  150°  

  ZN = ZTh (problem 23) = 66.04 –57.36°  = 35.62 Ω + j55.61 Ω 
 
  
 
 
 
 
 

DC: 
IN: 

 
 

 
 
 
 

IN =  = 227.27 mA 

  RN = RTh = (problem 23) = 22 Ω 
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 b. 
  
 
 
 
 
 

AC: 
IN: 

 
 

 

  I = 
        

� 

Z N (I N )
Z N + 47 Ω

=
(66.04 ΩÐ 57.36°)(94 mAÐ150°)

35.62 Ω + j55.61 Ω + 47 Ω
 

     = 
    

� 

6.21 A Ð 207.36 °
99.08 Ð 34.14 °

= 62.68 mA –173.22°  

 
  
  
 
 
 
 
 

DC: 
 

 
 

 
 
 

I =  = 72.46 mA 

  and i = -72.46 mA + 62.68 ¥  10-3 sin (1000t + 173.22°) 
  Same as Problem 6 and 23. 
 
40. a. From #24 ZN = ZTh = 9 Ω –0°  
 
  DC:  

   

 
 
 
 

I¢N =  = 1.33 A 

 
  AC:  

    

 
 
 

I≤N =  

     =  = 2.67 A –0° 

 
   IN = 1.33 A + 2.67 A –0°  
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 b. 

   

DC: VC = IR 
      = (1.33 A)(9 Ω) 
      = 12 V 
 
AC: Z¢  = 9 Ω –0° || 1 Ω –-90° 
      = 0.994 Ω –-83.66° 

    VC = IZ¢  = (2.667 A –0°)(0.994 Ω –-83.66°) 
         = 2.65 V –-83.66° 
    VC = 12 V + 2.65 V –-83.66°  
 
41. a. Note Problem 25(a): ZN = ZTh = 4.47 kΩ –-26.57°  
 
  Using the same source conversion:  E1 = 50 V –0° 
 
  Defining ET = E1 + E = 50 V –0° + 20 V –0° = 70 V –0° 
 

   

 
Z1 = 10 kΩ –0° 
Z2 = 5 kΩ - j5 kΩ = 7.071 kΩ –-45° 
 

Isc =  = 7 mA –0° 

 
   IN = Isc = 7 mA –0°  
 

 b. I = 
        

� 

Z N (I N )
Z N + ZL

=
(4.472 kΩÐ -26.565°)(7 mAÐ 0°)
4.472 kΩ Ð -26.565° + 5 kΩ Ð 90°

 

    =  

    =  = 6.26 mA –63.44°  as obtained in Problem 25. 

 
42. 
 ZN:  

   

 
                       Z1 = 10 kΩ –0°, Z2 = 10 kΩ –0 
Z3 = -j1 kΩ 
ZN = Z3 + Z1 || Z2 = 5 kΩ - j1 kΩ 
                                 = 5.1 kΩ –-11.31°  
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 IN: 

                           

                            V2 = 
      

� 

-(Z2 || Z3 )20 V
(Z2 || Z3 ) + Z1

 

                                  = 
        

� 

-(0.995 kΩÐ -84.29°)(20 V)
0.1 kΩ - j0.99 kΩ +10 kΩ

 

                           V2 = -1.961 V –-78.69° 
 

  IN = Isc = 
      

� 

V2

Z3

=
-1.961 VÐ -78.69°

1 kΩÐ -90°
 = -1.96 ¥  10-3 V –11.31°  

 
43. ZN: 

   

Z1 = 40 kΩ –0°, Z2 = 0.2 kΩ –-90° 
Z3 = 5 kΩ –0° 
 
ZN = Z3 || (Z1 + Z2) 
     = 5 kΩ –0° || (40 kΩ - j0.2 kΩ) 
     = 4.44 kΩ –-0.03°  

 IN: 

   

IN = Isc =  

   =  

   = 100 I –0.29°  
 
44. ZN: 

.     

    
                  Z1 = 5 kΩ –0°, Z2 = 1 kΩ –-90° 

                     ¨ ZN = Z1 + Z2 = 5 kΩ - j1 kΩ 
            = 5.1 kΩ –-11.31°  

           IN: 

  

 
 

I¢ sc =  

                = 7.843 mA –11.31° 

     (I): 

  

I≤ sc =  

                 =   

                 = 1.96 mA –11.31° 
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  IN = I¢ sc + I≤ sc = 7.843 mA –11.31° + 1.96 mA –11.31° 
      = 9.81 mA –11.31°  
 
45. ZN:   

   

Z1 = 20 kΩ –0°, Z2 = 5 kΩ –0° 
V = 10 V –0°, µ = 20, h = 100 
I = 1 mA –0° 
 
ZN = Z1 + Z2 = 25 kΩ –0°  

 
 IN: (hI)  

   

 
 

I¢ sc =  

     = 
        

� 

(20 kΩ Ð 0°)(hI)
20 kΩÐ 0° + 5 kΩÐ 0°

 

     = 80 mA –0° 
      (µV) 

          

 
 

I≤sc =  

      = 8 mA –0° 
 
 IN (direction of I¢ sc) = I¢ sc - I≤ sc = 80 mA –0° - 8 mA –0° = 72 mA –0°  
46. 

      

 
 
 
               Z1 = 2 kΩ –0° 
               Z2 = 5 kΩ –0° 

 
    I2 = I3 + I5kΩ 
    V = I5kΩZ2 = (I2 - I3)Z2 
    Eoc = ETh = 21 V = 21(I2 - I3)Z2 

           = 21
        

� 

I2 -
E oc

Z1

æ 

è 
ç 

ö 

ø 
÷ Z2 

    Eoc

      

� 

1+ 21 Z2

Z1

é 

ë 
ê 

ù 

û 
ú  = 21 Z2I2 

    Eoc = 

      

� 

21Z2I2

1+ 21 Z2

Z1

=
21(5 kΩÐ 0°)(2 mAÐ 0°)

1 + 21 5 kΩÐ 0°
2 kΩÐ 0°

æ 

è 
ç 

ö 

ø 
÷ 

 

    ETh = Eoc = 3.925 V –0° 
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           20 V π -V \ V = 0 
       and IN = Isc = I2 = 2 mA –0°  

 

   ZN =  = 1.96 kΩ 

 
47. 

   

              
                      Z1 = 1 kΩ –0° 
                      Z2 = 3 kΩ –0° 
                      Z3 = 4 kΩ –0° 

                      V2 = 21 V = Eoc fi V =  

                       I = I1 + I2, I1 =  =  

 I2 = , I = I1 + I2 =  +  =  

   I =  

 and Eoc = 
      

� 

21Z1Z2I
Z2 + 21Z1

=
(21)(1 kΩÐ 0°)(3 kΩÐ 0°)(2 mAÐ 0°)

3 kΩ + 21(1 kΩÐ 0°)
 

  ETh = Eoc = 5.25 V –0°  
 

  

 
 

             Isc =  fi  V = Isc 

              V = I1Z1 
               I = I1 + I¢  

 Isc =  fi I¢  = 
      

� 

Z2 + Z3

Z2

æ 

è 
ç 

ö 

ø 
÷ Isc 

 I = I1 + I¢  = + 
        

� 

Z2 + Z3

Z2

æ 

è 
ç 

ö 

ø 
÷ I sc =

Z3

21Z1

+
Z2 + Z3

Z2

é 

ë 
ê 
ê 

ù 

û 
ú 
ú 
I sc  

 Isc =  = 0.79 mA –0° 

 
 \  IN = 0.79 mA –0°  

  ZN =  = 6.65 kΩ –0°  
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48.  

   

 
 Z1 = 3 Ω + j4 Ω, Z2 = -j6 Ω 
¨ ZTh = Z1 || Z2  
       = 5 Ω –53.13° || 6 Ω –-90° 
       = 8.32 Ω –-3.18° 
ZL = 8.32 Ω –3.18°  = 8.31 Ω -  j0.46 Ω 

 

   

ETh =   

       =   

       = 199.45 V –-56.31°  

Pmax =  = 1198.2 W 

 
49. 

   

Z1 = 3 Ω + j4 Ω = 5 Ω –53.13° 
Z2 = 2 Ω –0° 
¨ ZN = ZTh = Z1 | |  Z2  
          = 5 Ω –53.13° || 2 Ω –0° 

          =   

          =  

          =   

          = 1.56 Ω –14.47°  
ZTh = 1.56 Ω –14.47° 
       = 1.51 Ω + j0.39 Ω 
ZL = 1.51  Ω -  j0.39 Ω 

 

  

ETh = I(Z1|| Z2)  
       = (2 A –30°)(1.562 Ω –14.47°) 
       = 3.12 V –44.47°  

Pmax =  = 1.61 W 

 
50.   ZTh: 

   

 
 
        Z1 = 4 Ω –90°, Z2 = 10 Ω –0° 
        Z3 = 5 Ω –-90°, Z4 = 6 Ω –-90° 
        E = 60 V –60° 
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  ZTh = Z4 + Z3 || (Z1 + Z2) = -j6 Ω + (5 Ω –-90°) || (10 Ω + j4 Ω) 
        = 2.475 Ω - j4.754 Ω 
        = 11.04 Ω –-77.03° 
  ZL = 11.04 Ω –77.03°  
 
  ETh: 

   

 
 

     ETh =   

           =  

           = 29.85 V –-24.29°  
 
   Pmax =  = (29.85 V)2/4(2.475 Ω) = 90 W 
 
51. 

  

 
 
     
Z1 = 3 Ω + j4 Ω = 5 Ω –53.13° 
Z2 = -j8 Ω 
Z3 = 12 Ω + j9 Ω 

 
 ZTh = Z2 + Z1 | |  Z3 = -j8 Ω + (5 Ω –53.13°) || (15 Ω –36.87°) 
       = 5.71 Ω –-64.30° = 2.475 Ω - j5.143 Ω 
 ZL = 5.71 Ω –64.30°  = 2.48 Ω + j5.15 Ω 
 

  

 
ETh +  - E2 = 0 
ETh = E2 -  

=   

        = 168.97 V –112.53° 
 
 ETh = E2 - = 200 V –90° - 168.97 V –112.53° = 78.24 V –34.16°  

 Pmax = = (78.24 V)2/4(2.475 Ω) = 618.33 W 
 

52. I =  = 1 mA –0° 

 ZTh = 40 kΩ –0° 
 ETh = (50 I)(40 kΩ –0°) = (50)(1 mA –0°)(40 kΩ –0°) = 2000 V –0° 

 Pmax =  = 25 W 
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53. ETh: 

  

 
 
     
Z1 = 2 kΩ –0° 
Z2 = 3 kΩ –-90° 
Z3 = 6 kΩ –90° 

  

 ETh = 
        

� 

Z2E
Z2 + Z1

=
(3 kΩÐ 90°)(20 VÐ 0°)

- j3 kΩ + 2 kΩ
 

       = 
    

� 

60 VÐ -90°
3.61Ð -56.31°

 = 16.62 V –-33.69°  

 
 ZTh:  

  

 
 
¨ ZTh = Z3 + Z1 || Z2 

 

 ZTh = +j6 kΩ + 
      

� 

(2 kΩÐ 0°)(3 kΩÐ -90°)
2 kΩ - j3 kΩ

 

= + j6 kΩ + 1.66 kΩ –-33.69° 
= + j6 kΩ + 1.38 kΩ - j920.8 Ω 
= 1.38 kΩ + j5.08 kΩ 
= 5.26 kΩ – +74.80° 

 
 \ZL = 5.36 kΩ –-74.80°  = 1.38kΩ -  j5.08 kΩ 
 

 b. Pmax =  = 50.04 mW 

 
54. From #24, ZTh = 9 Ω, ETh = 12 V + 24 V –0° 
 
 a. \  ZL = 9 Ω 
 

 b. Pmax =  = 4 W + 16 W = 20 W 

  or ETh = = 26.833 V 

  and Pmax =  = 20 W 
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55. a. Problem 25(a): 
   ZTh = 4.47 kΩ –-26.57° = 4 kΩ - j2 kΩ 
   ZL = 4 kΩ + j2 kΩ 
  ETh = 31.31 V –-26.57°  
 
 b. Pmax = = (31.31 V)2/4(4 kΩ) = 61.27 mW 
 
56. a. ZTh = 2 kΩ –0° || 2 kΩ –-90° = 1 kΩ - j1 kΩ 

  

        

� 

RL = RTh
2 + ( X Th + X Load )2

= (1 kΩ)2 + (-1 kΩ + 2 kΩ)2

= (1 kΩ)2 + (1 kΩ)2

= 1.41 kΩ

 

 
 b. Rav = (RTh + RLoad)/2 = (1 kΩ + 1.41 kΩ)/2 = 1.21 kΩ 

  Pmax =  = 516.53 mW 

 
57. a. ZTh: 

   

XC = 
        

� 

1
2pfC

=
1

2p (10 kHz)(4 nF)
  

     @ 3978.87 Ω 
XL = 2pfL = 2p(10 kHz)(30 mH) 
     @ 1884.96 Ω 
Z1 = 1 kΩ –0°, Z2 = 1884.96 Ω –90° 
Z3 = 3978.87 Ω –-90° 

  ZTh = (Z1 + Z2) || Z3 = (1 kΩ + j1884.96 Ω) || 3978.87 Ω –−90°)  
        = 2133.79 Ω –62.05° || 3978.87 Ω –−90°) 
        = 3658.65 Ω –36.52° 
 
    \    ZL = 3658.65 Ω –-36.52°  = 2940.27 Ω − j2177.27 Ω 

  C = 
        

� 

1
2pfX C

=
1

2p (10 kHz)(2177.27 Ω)
 = 7.31 nF 

 
 b. RL = RTh = 2940.27 Ω  
 

 c. = 
      

� 

(3978.87 ΩÐ -90°)(2 VÐ 0°)
1 kΩ + j1884.96 Ω - j3978.87 Ω

 = 3.43 V–−25.53°) 

  Pmax =  = = 1 mW 
 

58.     Iab =  = 1.33 mA –0°  

 Vab = (Iab)(8 kΩ –0°) = 10.67 V –0°  
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59. a. 

   

V = =  

   = 5 V –0° 

I =  = 0.83 mA –0°  

 b. 

   

V =  =  

   = 10 V –0° 

I =  = 0.83 mA –0°  

 
 
60. 

  

I1 =  = 50 mA –0° 

I2 =   

    = 12.5 mA –-90° 
Z1 = 2 kΩ –0° 
Z2 = 4 kΩ –90° 
Z3 = 4 kΩ –-90° 

 IT = I1 - I2 = (50 mA –0° - 12.5 mA –-90°) = 50 mA + j12.5 mA  
          = 51.54 mA –14.04° 
 Z¢ = Z1 || Z2 = (2 kΩ –0°) || (4 kΩ –90°) = 1.79 kΩ –26.57° 

  IC = 
        

� 

¢ Z IT
¢ Z + Z3

=
(1.79 kΩÐ 26.57°)(51.54 mAÐ14.04°)

1.6 kΩ + j0.8 kΩ - j4 kΩ
 

     = 25.77 mA –104.04°  
 


