
Answers to Selected Problems

CHAPTER 1

P1.1. (a) 1/3; (b) 0.75; (c)
P1.4. (a) (b) (c) (d) 1
P1.6. Yes
P1.8. (a) 25; (b) 16; (c) 

P1.10. (a) 

P1.13.

P1.16.
P1.19.
P1.21. (a) (b) 

P1.24. (a) (b)

(c) 

P1.26. (a) (b) 

P1.28.

P1.29. away from the center of the tetrahedron

P1.31. (a) No solutions; (b) at (3, 3, 2)

P1.33.

P1.36.

P1.39. toward the origin

P1.42. (a) Same; (b) 

P1.45. (a) (b) -0.057m0az0.45m0az;
Bpd2w

4m0 lL

0.046m01I dz22
2pa

z2a2 + z2
 az

d2z

dt2 +
3Qz

4pe0 ma3 = 0; 1
2pA 3Q

4pe0 ma3

-108pe0 C

0.1949Q2

e0 L2

r sin2 u = 1, f = p>6
6x = 3y = 2zx2 + 2y2 = 9, z = 3;

-  
mMG

rs
2  ars

-mMG 

1rc arc + zaz2
1r2

c + z223>2 ;-mMG 

1xax + yay + zaz2
1x2 + y2 + z223>2 ;

;113
2  ar - 1

2 af2;af;;1cos 2f ar - sin 2f af2;
2au
110

1161ax + ay + az2
x + y + z = 4

1212

-1, -5;-1;-2;
1>13

801
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802 Answers to Selected Problems

P1.47. (a) (b) (c) 

P1.50.

P1.53. (a) (b) (c) 0

CHAPTER 2

P2.1. (a) 1/2; (b) 0
P2.4. 0.5708
P2.7. 0
P2.9.

P2.12. (a) (b) 0
P2.15. (a) (b) 0
P2.18. (a) 128 A; (b) 
P2.21. (a) (b) 

P2.23.

P2.25.

P2.27. (a) (b) 

P2.29. 0 for for for 

P2.31.

CHAPTER 3

P3.2. (a) 

(b) 

P3.4. no

P3.6.

P3.9. (a) for otherwise;

(b) 

P3.11. (a) Yes; (b) yes; (c) no
P3.13. � � v = -2vaz

r0 r2

3a
 ar for 0 6 r 6 a, 

r0 a2

3r
 ar for r 7 a

-a 6 x 6 a, 0
r0

2a
 1x2 - a22ax

;15>3
B =

aE0

v
 e-az sin vt az;

E010.6ax - 0.8az2
3 * 108  cos [3p * 108t + 0.2p14x + 3z2]

E0

3 * 108  sin 3pz sin 9p * 108t ay;

J0 r2

3a
 af for r 6 a, 

J0 a2

3r
 af for r 7 a

r 7 2aa 6 r 6 2a; 
7a3r0

3r2  arr 6 a, 
r01r3 - a32

3r2  ar

32
81 

 
C8

3 
 
C;

1
3 I

B0p
2

2
  Wb

r0>4816r0;
8p A

B0 hbv sin vt;
-2B0 v0 cos p1x - v0 t2;2p>3

qE0

2
 az;-  

qE0

2
 az;

E0

3B0
 12ax - ay - 2az2

B01-3ax + 2ay + 2az2B01ax + 2ay2;-3B0 ax;
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Answers to Selected Problems 803

1

�1

0�2 �1

D

B

C

A

1 2 3

[ f ]z � 200 m

t, s

P3.16. (a) Both sides of divergence theorem are equal to 
(b) both sides of divergence theorem are equal to zero

P3.17.

P3.20. (c)

0Ez

0y
= -  

0Bx

0t
, 

0Hx

0y
= -Jz -

0Dz

0t

3
2;

P3.23. (a)

P3.25. (a) 45 MHz; (b) (c) 

(d) 0.1 cos 19p * 107t + 0.3py2 az A>m
-y direction;6 

2
3 m;

0 1 2 3 4 5

18.85

37.7

t, �sA

B

D

E

C

[Ex]z � 200 m, V/m

[Hy]t � 4 �s, A/m

�0.1

0.05

0.1

�0.05

�1200

�900 �600 �300 0A

B C

D

E

D

C B

A

1200900600300
z, m

(d)
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804 Answers to Selected Problems

P3.26.

P3.29. (a) (b) 1, (c) 0; (a) (b) 

P3.31. (a) Elliptical; (b) 

P3.33.

P3.34. (a) Right circular; (b) left circular; (c) left elliptical;
(d) right elliptical

P3.37. (a) (b) 

P3.39. (a) (b) 

CHAPTER 4

P4.2. (b)

P4.4.

P4.7. (a) (b) (c) 

P4.9.

P4.12.
P4.14. (a) 21.224 m, 3.10;

(b) 

P4.17. (a) (b) 
P4.20.
P4.21.

P4.25.
P4.27. 98m0

2e0

 1217.66 + j0.6532 Æ; 9.189 km
1.0883 * 10-4 m-1; 0.036276 rad>m; 1.732 * 108 m>s; 173.21 m;
2.25m0, 16e0

1.3654H0
2 W1.5791H0

2 e-2z W>m2;

91.82e-0.0533z cos 12p * 106t - 0.074z + 0.1988p2 ax V>m
3km0

vQa2

4
 az

D
2e0

2e0 E;2e0 E012ax + 2ay + az2;

rL0

2pe0
 e 1x - d2 ax + yay

1x - d22 + y2 -
1x + d2 ax + yay

1x + d22 + y2 f
0.431 * 1013 Hz; 1>12

1.08a, 0.4763r00.0233 

r0
2a5

e0
;

1
2

 V0 I0
V0 I0

2pr2 ln 1b>a2 cos2 v1t - 2m0e0z2 az, 
V0 I0

4pr2 ln 1b>a2  az;

 + cos a2p * 108t -
2p
3

 z + 0.2048pb  ay d
 H =

E0

96p
 c -sin a2p * 108t -

2p
3

 z + 0.2048pb  ax

 + sin a2p * 108t -
2p
3

 z + 0.2048pb  ay d
 E = 1.25E0 ccos a2p * 108t -

2p
3

 z + 0.2048pb  ax

-2

2
5

 or 
1
4

2
3

,
1
2

 ,
ƒ 1 - k ƒ
ƒ 1 - 3k ƒ

;

 H = <0.1 sin 115p * 107t < 0.5px2 az A>m for x � 0

 E = -37.7 sin 115p * 107t < 0.5px2 ay V>m for x � 0
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Answers to Selected Problems 805

P4.30

P4.33.

P4.36.

CHAPTER 5

P5.3. (a) (b) (c) 
P5.5.
P5.7.

P5.9.

P5.15.

P5.18.

(a) 

(b) 
e1e2

e2 t + e11d - t2

e2 x

e2 t + e11d - t2  V0 for 0 6 x 6 t, 
e2 t + e11x - t2
e2 t + e11d - t2  V0 for t 6 x 6 d;

r0

2e
 adx - x2 +

x3

3d
b  for 0 6 x 6 d; 

r0 d2

6e
 for x 7 d

-  

r0 d2

6e
 for x 6 -d; 

r0

2e
 adx + x2 +

x3

3d
b  for -d 6 x 6 0;

1c - 122
4c

 a r
a
b2

+ a c - 1
c + 1

b2

 a z
a
b2

= 1, where c is a constant

V =
rL0

4pe
  ln  
2r2 + 1z + a22 + 1z + a22r2 + 1z - a22 + 1z - a2;  equipotential surfaces are

Direction lines are 1x2 - y22 = constant
16x + 32y + z = 24

-  
cos u

r2r cos f;e-y sin x;

[JS]z = 0 =
2E0

h
  cos vt ax

 Hr =
E0

h
  cos 1vt + bz2 ay; H =

2E0

h
  cos vt cos bz ay

 Er = -E0 cos 1vt + bz2 ax; E = 2E0 sin vt sin bz ax

 - 22.504 * 10-3pz + 0.0772p2 ax] V>m
 + 0.1476p2 ax + 0.1433E0 e-7.894 * 10-3z cos 19p * 105t

 Et = [0.3354E0 e-6.283 * 10-3z cos 13p * 105t - 9.425 * 10-3pz

 + 0.1161E0 cos 19p * 105t + 3 * 10-3pz + 0.9043p2 ax] V>m
 Er = [0.4744E0 cos 13p * 105t + 10-3pz + 0.8976p2 ax

 H =   

0.0384 cos a2p * 106t -
p

150
 z + 0.163pb  ay for z 7 0

0.1675e0.05334z cos 12p * 106t + 0.07401z + 0.964p2 ay for z 6 0

 E =   

14.493 cos a2p * 106t -
p

150
 z + 0.163pb  ax for z 7 0

14.493e0.05334z cos 12p * 106t + 0.07401z + 0.163p2 ax for z 6 0
c

c
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806 Answers to Selected Problems

P5.21.

P5.22. 2.03365

P5.24.

P5.26.

P5.29. (a) (b) 

P5.31. (a) (b) (c) 

P5.33. Inductor of value in parallel with a series combination of
and where 

P5.35. 534.881 A-t
P5.37.

P5.39.

P5.42. (a) for
otherwise;

(b) 

CHAPTER 6

P6.2.
P6.6.

P6.10.
125 V, 25 Æ, 60 Æ, 2ms

1
15 m0 H>m, 60e0 F>m; 4p Æ

3
4 N2I0

2pa2b1m - m02 from mechanical to electrical form

l 6 x 6 1l + b2, 0
1
2 N2I2pa21m - m02ax for 0 6 x 6 b, -1

2 N2I2pa21m - m02 ax

V2w

2d
 1e - e02ax

8.4 * 104 Wb

C = ewL>d1
3 C,1

5 L
L = mdl>w

2vmsl � 1 and 
s

ve
� 1sAme  l � 1;sAme  l = 3;

-65.285 sin 109pt V-0.0395 sin 106pt V;

m

16p

2pmN2a2c ln 
2a + b

2a - b

V01r - b2
a - b

; 
2pe0 b

b - a

z/l
0 0.8

18

54

1.0
z/l

0 0.8

�0.3
(b)(a)

0.3

1.0

[V ]t � 1.2 �s, V [I ]t � 1.2 �s, A

P6.13.
P6.15. 150 m, 4e0; A = 8>15

V- = -0.2V+, I- = 0.002V+; V+
 
+ = 0.2V+, I+

 
+ = 0.004V+
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Answers to Selected Problems 807

P6.17.

P6.19. (a) 

(b) 

P6.21. (a) L; (b) 
P6.23. (a)

1
3

V0

2
-

V0

2
 e-11>2CZ02 1t - T2 for t 7 T

dV-

dt
+

1
2CZ0

 V- =
V0

4CZ0
 for t 7 T;

(b) 
P6.27.

62.5 * 10-6 J

V, V

t, ns

1

0 10 40 50
100

�9/16

110

1/4

160 170

9/64

1 3 50
t, �s

[V]150 �, V

75
37.5

18.75
9.375

1.5

0
2l

�0.8 �0.4

0.5

vp

t
4l
vp

6l
vp

10

0
l

�7
�4.4

5.4 3.6

vp

t
3l
vp

7l
vp

5l
vp

[V ]z � 0, V [V ]z � l, V
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808 Answers to Selected Problems

CHAPTER 7

P7.2.
d V A

0 0

l

P7.5.

P7.7. 4.7746 cm
P7.9. 0.3229 GHz; 0.7920 GHz; 1.2698 GHz

P7.12.
P7.14. 20 cm
P7.17. 30 W
P7.20.
P7.22. 1.53
P7.26. (a) 1,562 MHz; (b) 4.0
P7.28.
P7.30. (a) 2.0; (b) 1.56; (c) 2.24
P7.32.
P7.34. to 
P7.36. or 
P7.39. or 
P7.41.
P7.43. (a) 20.01 W; (b) 11.77 W; (c) 8.24 W

CHAPTER 8

P8.2. (a) Yes;

(b) 
1

12p
 1-4ax + 5ay + 3az2 cos [3p * 107t - 0.02p13x + 4z2]

1144.23 - j32.592 Æ; 11.035 + j4.5612 * 10-4 m-1
1l1 = 0.168l, l2 = 0.364l21l1 = 0.313l, l2 = 0.136l2

10.496l, 0.042l210.328l, 0.458l2
0.159l0.093l

0.126l; 0.094l

1r - 222 + x2 = 1

0.4119l;
30 Æ; 75 Æ
140 - j302 Æ;

159.78 + j75.802 Æ

nvp

l
, n = 1, 2, 3, Á

0.0071V00.3536V0

0.0061V00.5V0
1
2 l

0.0047V00.6374V0
1
3 l

0.7906V0

Irms,Vrms,

0.9l0

KbV0
0.82 KbV0

�0.2 KbV0

l
z

V2 (z, 1.1T)

P6.29. (a) (b)
P6.32. (c)

48.4 Æ38.4 Æ;
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Answers to Selected Problems 809

P8.5. (a) 47.7465 MHz; (b) along 

(c) (d) left-elliptical;

(e) 0.1658 W
P8.6. 1 cm

P8.9.

P8.11. (a) 0.25; (b) 0.4307; (c) 0.221

P8.15. (a) (b) (c)

P8.17. (a) (b)
P8.20.

P8.22. (a) 
(b) 

P8.25. (a) 23; (b)
P8.28.

P8.30.

P8.34.

P8.36.

CHAPTER 9

P9.2.
P9.4. (a) 1.70; (b) 0.366 cm,
P9.7. 4472.1 MHz 5385.2 MHz 5656.9 MHz 

6403.1 MHz 6708.2 MHz 
P9.10. 6.096 GHz 6.685 GHz 
P9.12. 0.4442 cm, 1.2726 cm

P9.14. (a) 

(b) 3.479 GHz

=
2e1>e221 - 1l1>lc2221e2>e12 - 1l1>lc22 ;

tan  
2pt

l1 B1 - al1

lc
b2

 tan  
2p1d - t2
l1 Be2

e1
- al1

lc
b2

1TE3,121TE0,12;
1TE1,1,1, TM1,1,121TE0,1,2, TM1,1,02;

1TE1,0,22;1TE0,1,12;1TE1,0,12;
4.9e0

4.24 cm … a … 4.47 cm

xa = c312m + 12l0

16n02a d2>3, m = 0, 1, 2, Á

z =
1
a

  ln  
ax - 1 + 2a2x2 - 2ax + d2

0

d0 - 1
; 
d2

0

2a
, 

2d0

a

tan apd2er1

l0
  cos uib = -  

1e2>e12 cos ui2sin2 ui - 1e2>e12

0.9152 1TE02; 0.9130 1TE12; 0.9090 1TE22
2>15

 + 0.5E0 ay sin [6p * 109t - 10p13x + 13z2]
 Et = E010.2887ax - 0.5az2 cos [6p * 109t - 10p13x + 13z2]
 Er = -0.5E0 ay sin [6p * 109t + 10p1x - 13z2]
3e0;

 Et = 0.6863E01ax - 12 az2 cos [6p * 108t - 12p112x + z2]
 Er = 0.0294E01ax + az2 cos [6p * 108t + 12p1x - z2]

1.7321 * 108 m>s1.7047 * 108 m>s;

0.6495
k

0.6378
k

;
0.866

k
;

- sin 60px cos 12 * 1010pt - 91.293z26ay

E0

8
53 sin 20px [cos 11010pt - 83.776z2 + cos 12 * 1010pt - 199.793z2]

1
12p

 1-j0.5ax + 0.8ay + 0.6az2ej10.6y - 0.8z2;
1-0.6ay + 0.8az2;
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810 Answers to Selected Problems

P9.16.
P9.17. (c) 9276
P9.24. 0.7108
P9.25.
P9.27. (a) (b) 106 ps
P9.32. 101.5°

P9.34.

P9.35. (a) 1.25 cm; (b) (c) 2.5 cm

CHAPTER 10

P10.4. 3.2038 V/m; 2.2503 V/m;
P10.6.
P10.8. 6.075

P10.10. 2.1932 W
P10.12. 0.0167 A, 0.01 W

P10.14. (a) 

(b) 

P10.16.

P10.18. (a) (b) 

P10.22. Five elements spaced apart, current amplitudes in the ratio 1:2:3:2:1,
and progressive phase shift of 180°

P10.25.
P10.27. (a) 0.8284; (b) 4; (c) 0

ƒ sin u sin 1bd1 sin u2 cos 1bd2 cos u2 ƒ

2l

ƒ cos c ƒ  cos ap
4

  cos c -
p

4
bƒ cos c ƒ ` sin ap

2
  cos cb ` ;

ph

6
 a2pa

l
b4

, 1.5

20p2
 aL

l
b2

, 1.5

 H = -  

bI0 L sin u
8pr

  sin 1vt - br2 af

 E = -  

hbI0 L sin u
8pr

  sin 1vt - br2 au

0.2024l
4.133 * 10-3 A>m

-0.6E0 cos 16p * 109t + 20pz2 ax;

 +
4E0

15h0
 12ax + ay2 cos 16p * 109t - 40pz2

 Ht = -  

3E0

5h0
 1ax - 2ay2 cos 16p * 109t - 60pz2

 Hr = -  

E0

15h0
 1ax - 7ay2 cos 16p * 109t + 20pz2

 +
2E0

15
 1ax - 2ay2 cos 16p * 109t - 40pz2

 Et = -  

E0

5
 12ax + ay2 cos 16p * 109t - 60pz2

 Er = -  

E0

15
 17ax + ay2 cos 16p * 109t + 20pz2

4.89ms;
T0 = 22bz

122z; 12T0

0.882 * 10-3 Np>m
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Answers to Selected Problems 811

P10.29.

(a) (b) (c) (d)

P10.33. 12.543°; 71.973°; 91.368°; 110.928°; 133.672°

CHAPTER 11

P11.2. (a) (b) 

P11.5. 0.4337, 0.7981, 1.0347, 1.1058;

P11.7. (a) 

(b) (c) 

P11.10.
P11.13.
P11.15.
P11.18.
P11.20. 227.8 pF/m; 38.2 pF/m;
P11.22.
P11.24.
P11.27.
P11.31.

V14, 62 = 1.24 V
V14, 22 = V14, 102 = 4.38 V; V14, 42 = V14, 82 = 3.245 V;
V2 = 3.871 V; V4 = 3.226 V; V5 = 6.452 V
43.5 Æ

1
9 h

35.7331 Æ; 1.2285 * 108 m>s160.55 Æ
3.873e0 a
12.536e0 a
0.9242e0 C

;61.25e0 C>mƒ EB ƒ =
6.1033

d
 V>m;VF = 2.75 V;

VE = 7 V,VA = 12 V, VB = 5.25 V, VC = 2 V, VD = 14.75 V,

sin 2x

sin 2

0.1517V0
3V0

4
  

sinh 1px>b2
sinh 1pa>b2   sin  

py

b
-

V0

4
  

sinh 13px>b2
sinh 13pa>b2   sin  

3py

b

8p
3

  
ab

l21.44 
l

a
2l
b

4l
a

* D sin a ba

2
  sin u cos fb

ba

2
  sin u cos f

T D sin a bb

2
  sin u sin fb

bb

2
  sin u sin f

T ;

a jbE0 abe-jbr

4pr
b C p2

p2 - a ba

2
  sin u cos fb2 S
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