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Answers to Selected Problems 

 

Chapter 1 

1-1 (a) 6         (b)  
x y z

1 1 2

6 6 6
 a a a         (c) 1        (d) 

1

6
      (e) 73.2  

(f) 
x y z3  a a a     (g) −7 

1-3 (a) 5 2       (b)  x y z

3 4 1

5 2 5 2 2
 a a a        (c) 0       (d) 0           (e) 90          

(f)  ax 15  +  ay 20  +  az 25               (g)  50 

1-6 For Problem 1-1,  (a) ax 7 – ay 3 – az 5   (b) A·B = 1, A·C = –7 

 For Problem 1-3,  (a) ax 80 – ay 60         (b) A·B = 0, A·C = –20 

1-7 2    1-12 (b)  x y

2 1

5 5
a a  

1-17 (a)  
y0 ,    a a   (b) 

x90 ,     a a      (c)   θ zθ 90 ,   a a
 

1-18 (a)     2,45 ,1 , 3,55 ,45            (c)     1,0 ,1 , 2,45 ,0    

1-19 (a)   1 1
, , 2 , 5,27 ,45

2 2

 
  

 
     (c)     0, 2,3 , 13,33.7 ,270    

1-20 (a)  
1 1 1 1 1

, , , , 45 ,
2 2 2 2 2

   
   

   
     (c)   

3 3 3
1.84,1.84, 1.5 , , 135 ,

22

 
     

   

1-24 (a)  0 (b)  No      1-27  (a)  7   (b)  7. Yes   1-29 (a)  4

0πr      (b) 4

0

π
r

2
.  No 

1-31 (a) x x

x y ze sin 2ycos3z 2e cos2ycos3z 3e sin 2ysin3zx    a a a
                     

(b) ρ 2ρsin 2 2ρcos2 a a      (c) 4 2 4

r θ3r cos θ r sin 2θ  a a    

1-33 (a)   ·A = z
2
,   × A  x y z2yz 2y 2z 6y    a a a                                                

(b)  A 2z cos  , 
1 1

ρ ρ z sin    A a                                                              

(c)  
cos 2θ

4r sinθ r sin
sin θ

  A ,    

             r θ

r
cos 2θ +cosθcos 3r cosθ r cosθ 3sin 1

sinθ
      A a a a  

1-35 (a)  1 km east, 4 km north  (b)  576 m        (c)  205 m/km 

1-40 (a)  3
2

 (b)  3
2

 1-43 (a)  0 (b)  0 (c)  Yes  

1-45 (a)  π
6

    (b)  π
6

 (c) No  1-47 (a)  2 (b)  2 (c)  No 
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1-49 (a)  26πa  (b)  26πa  1-51 (a)  32
a

3
  (b)  32

a
3

  

 

 

Chapter 2 

2-1 (a)   3 3

vo

4π
b a ρ

3
   2-2  (b)   3 3 3 3

so

1
b a d c ρ

9
   

2-3 (c)  0 02πa sinθ ρ   2-4 (a)  2

voπa ρ  

2-6 (a)   x y2

0

q 1
1

4πε a 2 2

 
  

 
a a   2-7  

2

2

0

3 q

4π ε a
 

2-9 (a)   
3

vo
r 2

0

ρ a
r a

12ε r
 E a ;   vo

r

0

ρ r 1 r
r a

ε 3 4a

 
  

 
a  

2-10 (a)    0 r a E ;   
4 4

vo
r 2

0

ρ r a
a r b

4ε a r


 a ;  

4 4

vo
r 2

0

ρ b a
r b

4ε a r


a  

2-12 (a)    0 r a E ;   
2

s1
r 2

0

ρ a
a r b

ε r
 a ;  

2 2

s1 s2
r 2

0

ρ a ρ b
r b

ε r


a  

 (b)  
2

s2 s1 2

a
ρ = ρ

b
  

2-16  

2kρ

vo

ρ

0

ρ e 1
ρ < a

2k ε ρ

  
 E a ;   

2ka

vo

ρ

0

ρ e 1
ρ a

2kε ρ

  
  a  

2-18  0 ρ < aE ;   
2 2

ρ s1 vo

0

1 ρ a
ρ a ρ a ρ b

ε ρ 2

 
   

 
a ; 

                 
2 2

ρ s1 s2 vo

0

1 b a
ρ a ρ b ρ (ρ > b)

ε ρ 2

 
   

 
a  

2-20 (a)  vo
x

0

ρ x d
x

ε 2

 
  

 
E a ;  vo

x

0

ρ d d
x >

2ε 2

 
 
 

a ;  vo
x

0

ρ d d
x

2ε 2

 
   

 
a  

2-25 (a)  

 
0

z 3
2 2 2

0

ρ za

2ε z a

a     (b)  0

2 2

0

ρ a

2ε z a
    (c)  

z 2

0

Q

4πε z
a       (d)  

0

Q

4πε z
 

2-31 (a)  so
z

2 2 2 2
0

ρ z z

2ε z +a z +b

 
 

 
a      (b)  

z 2

0

Q

4πε z
a  

2-32 (a)  2 2 2 2so

0

ρ
z +b z +a

2ε
 
 

      (c)  
0

Q

4πε z
 

2-34 
2 2

so
z

2 2
0

ρ z a+ z +a a
ln

2ε a z z +a

  
  

    

a  
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2-36 (a)  0
z

2 2
0 2 2

ρ a z

πε a a
z + z +

4 2

 
 
 

a  2-37 (a)  

2
2

0

2
0 2

a a
+ z +

ρ 2 2ln
πε a a

+ z +
2 2

 
 
 
 
 
 

 

2-41 (a)  

   

0
z

2 22 2
0

ρ a 1 1

2ε a z / 2 a z / 2

 
 
     

a    (b)  
z 2

0

Q

4πε z
a  

2-50  0
ρ

0

ρ
ρ a, ρ b

2πε ρ
  E a ;   0 a <ρ< b ,   0

s

ρ
ρ ρ a

2πa
   ;  0ρ

ρ b
2πb

   

2-52 (a)   
3

s vo2

a
ρ ρ r = b

3b
  ;    

3

vo2

a
ρ r = c

3c
  

(b)   
3

vo vo
r r 2

0 0

ρ ρ a
r (r <a); a < r < b, r > c ;

3ε 3ε r
E a a   0 b < r < c  

 

 

Chapter 3 

3-1 (a)  
pv ps 0ρ 0, ρ P (at z )

2
              (b)   

pv ps 0ρ 0, ρ P cosθ            

(c)  
pv 0 ps 0ρ 3P , ρ P (on all six surfaces)

2
     

3-6 o
z

2 22 2o

z /2 z /2P
 =   

2ε  + a  + a(z /2) (z /2)

 
 

 
   

E a  

3-8 0
z

0

P

3ε
 E a     3-9       0

r

0

P r
r a ; 0 r a , 0 everywhere

ε a
    E a D  

3-15 (a)  

1

1 2

1 b 1 c
2π ln ln

ε a ε b



 
 

 
  3-17 (a)  2 31

2 3

πε επε

c c b
ln ε ln ε ln

a b a





  

3-18 (a)  

1

1 2

1 2

d d
w +

ε ε



 
 
 

  (b)    1 1 2 2

w
ε ε

d


      
3-26   

2 5
o

e
0

4 πρ a
W

15ε


 

 

3-39 (a)   0 0 0
ρ ρ ρ

0 r 0

ρ ρ ρ
everywhere, (ρ <a); (ρ >a)

2πρ 2πε ε ρ 2πε ρ
 D a E a a , 

   0
ρ

r

ρ 1
1 ρ a ; 0 ρ a

2πρ ε

 
    

 
P a    (b)   0

pv ps

r

ρ 1
ρ 0, ρ 1

2πa ε

 
   

 
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5-3 (a)  9 mΩ (b)  3.54×10
7
 S/m (c)  9×10

−4
 V/m (d) 8.78×10

−5
 W 

5-4 (a)   
6 21.27×10 A m  (b)  

75.79×10 S m  (c)  
59.43×10 m s

 (d)  4.29×10
−3

 m
2
/sV 

5-5 (a)  8.15 ps 5-6    
1 2

a b
+

σ A σ A
     5-7  

 1 1 2 2

d

σ +σ w
    5-8  (b)  

1 1 1

4πσ a b

 
 

 
  

5-10 
1 2

1 1 1 1

2π σ +σ a b

 
 

 
 5-12 

1 2

1 1 b 1 c
ln + ln

2π σ a σ b

 
 
 

       

 

 

Chapter 6 

6-2 (a)  positive (b)  0

0

mv

qB
     

6-3        
2 2

0 0 0

2 2 2

μ Iρ μ I μ I c ρ
= ρ<a ; a <ρ< b ; b<ρ <c ; 0 ρ >c

2πa 2πρ 2πρ c b
  




B a a a  

6-5        
αa

αρ αρ αa

0 0 0 02 2

e 1 1 1
= μ J αρe e +1 ρ<a ; μ J αa 1+e ρ>a

α ρ α ρ
 


 B a a   

6-8          0 0 0 0

a a
= 0 ρ<a ; μ J ρ a a <ρ< b ; μ J b a ρ> b

ρ ρ
 B     

6-10 x 0 0 x 0 0 x 0 0

d d d d d
 μ J z z < ; μ J z > ; μ J z

2 2 2 2 2
<

     
       

     
B a a a     

6-17 
2

z 0 0 2 2 2
2 2

3a 1
= μ I

8π a a
z z

12 3

 
  

 

B a     

6-22 Assuming the strip is on the xz plane, 0
y

μ I x + w/2
= ln

2π w x w/2
B a  at points on the xz 

plane  

6-24  
     

0
z x22 2 22 2

μ I d π d 4 z
= 1+

4π z + d/2 z + d/2 z + d/2

  
    

 
   

B a a     

6-26  

2 2

0 so
z

2 2

z +a +aμ J a
= +ln

2 zz +a

 
 

 
 
 

B a     

6-28  
   

2 2
2 2

0 0
z

a+ a + z+ a+ a + zμ J 2 2
= z+ ln z ln

2 2 2z+ z
2 2

 
    

     
     
 

B a  
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6-32  (a)  
z 0 so

π
μ J

4
a       (b)   

2 3

0
r θ so3

μ m π a
2cosθ + sinθ ; m = J

4πr 2
a a   

6-33  (a)  
z 0 so

2
μ J

3
a      (b)  3

so

4
m = π J a

3
  

6-39  md

dz

F
 on the left top wire  

2

0
x y

μ I
= +

4πa
a a      6-42   

2

0m
μ IdF w

= ln 1+
dz 2πw d

 

6-43           
2

0m

2

μ IdF
= 2 w+d ln w+d 1 +d lnd 1 + 2w+d ln 2w+d 1

dz 2πw
           

 

 

Chapter 7 

7-1 (a)  Jm = 0, ms z 0 = M sinJ a            (b)  Jm = 0, ms y 0 = MJ a  at 
d

z = ±
2

.  

7-3 (a)  0
m ms 0

M
 = ,   = M

a
 J a J a   (b)  

m 0 ms 02

2r
 = M sinθ ,   = M sinθ

a
 J a J a  

7-5 (a)  z 0 0 0 0

2 2
= μ M μ M = 0

3 3

 
 

 
B a   (b) m ms z 0 0 z 0 0

2 2
= + = μ M μ M = 0

3 3
 B B B a a   

 

7-7 (a)     1 2μ I μ I
= ρ<a ; ρ>a

2πρ 2πρ
 B a a     (b)  2 1

m ms z

0

μ μI
0,  = 

2πa μ


J J a    

7-9 (a)  B        
μI I

= a<ρ<b ; 0 ρ<a, ρ>b = a<ρ<b ; 0 ρ<a, ρ>b
2πρ 2πρ

 a H a              

   
0

I μ
= 1 a<ρ<b ; 0 ρ<a, ρ>b

2πρ μ


 
 

 
M a   

7-10 B
NI

= μ
2πρ

a  (in the core); 0 (outside the core) 

7-14 (a)  Jm = 0, ms y 0 = MJ a  (at 
d

z = ±
2

) (b)  x 0 0

d d
 = μ M z < ; 0 z >

2 2

   
   
   

B a

(c)  H = 0 everywhere  

7-26 
  2

2

a+b a+2bμN
c ln

2π a

 
 
 

 7-27  
2

0 1 2μ N N πa  

7-32 
 

2

1 2

21 0 3

π a a
L μ

4d
  7-33   0 2

21 1 2 2

μ a
L = N N a ln 1+

2π b+d

 
 
 

 

7-36  0
21

μ b
L = d+b ln 1+ b

d3π

 
 

 
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Chapter 8 

8-1 (a)  
2

20 0B ω B ωa
ρ sin(ωt) (ρ a); sin(ωt) (ρ a)

3a 3ρ
   E a a  

  (b)  302π B ω V(t)
V(t) = b sin(ωt), i(t) =

3a R
  (c)    CCW 

8-3 (b)  0 0 0 0
z z

μ I μ Ib b
ω sin(ωt) ln (ρ<a); ω sin(ωt) ln (a <ρ< b); 0 (ρ> b)

2π a 2π ρ
E a a  

8-6 (a)   V(t) = −µ0Hz ω cos(ωt) ab (b)  i(t) flows CW at ωt = π/4 

8-8 (a)  0 1
2

μ I
V (t) ω sin(ωt) ln(1 )

2π d
    

8-11 (a)  
0

d
V(t) = vB ω(t+ ) sin ωt cosωt

v

 
 

 
  (b)  

x 0

V
B

R
F a  

8-12 V(t)  =  −ωB0 ℓ d  sin ωt,  i(t) CCW at t = 0
+
 

8-14 V(t) = −Nπa
2
B  8-16 (a)   

2ε a V
(ρ a)

2d ρ t



 


H a   

8-17 (b)   f  > 676.3 kHz  (c)   No 

8-19 (a)  m
y

kH
sin(ωt kz)

ωε
  E a    (b)   k

2
  =  ω

2
µε 

8-21 (a)   
z

0

0.06
sin(ωt 0.02x)

ωμ
 H a    (b)   f  ≈ 955 kHz 

8-23 s
1x 1z 1y 1x 1z 1z so

0

ρ
E = E =0, E = , H = H =0, H = J

ε
 

8-24 (a)   0Vρ
ωε cos ωt + σ sin ωt

2 d
 H a    (b)  S // − aρ   (c)  e

diss f,out

dW
P = + P

dt
  

8-26 (a)  
z 0 0

1
μ nKt, μ nKρ (ρ a)

2
   B a E a    (b)  S // − aρ   (c)   m

f,out

dW
+ P = 0

dt
 

 

 

Chapter 9 

9-3 v = 1.88 × 10
8
 m/s   9-5 

π
j(5x )

j5x2
0 y zH e e

  
  

 
H a a  

9-6 (a)   E(z,t) = ax cos(ωt−2z)  − ay 2 sin(ωt−2z)         

9-13     (a)   
π

j(0.5x )
2

z 5e
 

E a     

(b)  
π

j(0.5x )
2

y y

0 0

5 2.5
e , (x,t) sin(ωt 0.5x)

2ωμ ωμ

 

    H a H a  

  (c)   ω = 1.06 × 10
8
 rad/s (d)   

2

av x x

0

25
0.047 W/m

2 μ c
 S a a  

9-15 (b)   λ = 1 km        9-16    (b)    f = 5.77 GHz 
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Chapter 11 

 

11-5 (a)   0, 6, 12,18, 24 GHz (b)   TM0, TM1, TM2, TM3 

11-8 kz = 471.2 rad/m, λg = 13.3 mm, vp = 2 × 10
8
 m/s, ZTM = 90.5 Ω,  

Sav = az 3E0
2
 cos

2
(200π x)   mW/m

2
     

11-11 (a)   0 < f < 1.88 kHz   (b)  1.88 < f < 3.75 kHz    

11-17 (a)   2.39×10
6
 W/cm (b)  7.89×10

5
 W/cm (c)  7.89 × 10

5
 W/cm 

11-19 (a)   TE10, TE01, TE20, TE11, TM11 (b)  kz = 124.5 rad/m, fc = 6.95 GHz,  

                 vp = 4.04 × 10
8
 m/s, λg = 5.05 cm, ZTM  = 124.3 Ω    (c)  2.87 < f < 5.74 GHz 

 (d)  5.23 < λ < 10.45 cm 

11-21  (a)  TE10, TE20, TE01, TE11, TM11 (c)   11.7 < f < 23.4 GHz 

11-27  (a)  No    (b)  Yes 11-28    a =  3.2 cm, b = 1.8 cm 

11-30   a = 1.5 cm, b = 0.75 cm       11-32     kz = −j24.9, −4.32 dB 

11-34   fr = 10.6 GHz, Q ≈ 6.2×10
3
         11-35    (a)  a = 21.2 cm   (b)  a = 13.3 cm 

11-37   The first three are 10.6 GHz, 16.8 GHz, 18.4 GHz 

11-39  jkz0 0
s z 0

K 2πK
e (at ρ = a), I

ηa η

 J a  

11-46   v = 1.875 × 10
8
 m/s, L = 0.569 µH/m, Zo = 106.7 Ω, G = 2.21 × 10

−14
 S/m 

11-47   
L in

1
, Z 49 j35

3
              11-48  10 + j30 Ω 

11-52   ΓL = 0.34 e
−j126

 ,  Z
 
L = 59 – j36 Ω, zmax =  −10 cm 

 

 

 

Chapter 12 

 12-1 (a)  

y

x

y

2K
(z vt), 0< z < vt

η

2K ( z vt), z < vt 2K
(z + vt), vt < z < 0

0 , z > vt η

0 , z > vt





  

   
 





a

a
E H a  

   (c)   v s s x

4K
ρ = ρ 0, 0, t at z =0

μ
  J J a  

 12-4  (a)    jkr0
z

μ I Δ
e

8πr

A a  (b)   
jkr

0
θ

I Δ e
jωμ sinθ

8π r



E a  
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 12-5  0.039 W 12-7   (a)  0.067 V/m    (b)   0.071 V/m 

 12-9  (a)     jkr0
θ

I Δ jωμ
e (sinθ + jcosθcos ) j sin

4πr
  a a  

12-13  

2
2

5 2

r 02

4 a
P ηπ I

3 λ

 
  

 
  12-17 Rr = 36.5 Ω, Dmax = 3.3 

12-18  14.64 kW  12-19 Eθ= 1.404 V/m, Hϕ = 3.72 mA/m 

12-21  Rr = 199 Ω, Dmax = 2.41  12-23   er = 0.382 

12-25  (i)  90     (ii)  78 (iii)  47 

12-26   (i)  
π π

AF = cos cos +
2 4


 
 
 

    (iii)  
π

AF = cos πcos +
2


 
 
 

 

12-28   2 2 π
F(θ, ) 1 sin θcos cos sinθcos

2
  

 
   

 
 

12-31    SLL = −12 dB  for  N=5 
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