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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)  (d) 6       (e) 54.7  

(f) x y6 a a (g) −18

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 25 – az 16   (b) A·B = 6, 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 31.84,1.84, 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 = z2,   × A  x y z2yz 2y 2z 6y    a a a

(b) A ,                    

(c) cos 2θ4r sinθ r sin
sinθ

  A ,    

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

sinθ       A a a a  

1-35 (a)  1 km west, 4 km north  (b)  576 m (c) 101.2 m/km

1-39 (a)  3
2  (b) 3

2  1-43 (a) (b)  (c)  No

1-45 (a)  π 6     (b)  π 6   1-47 (a)  2 (b)  2 (c)  No

6

6

 2sin + cos   A ρ
z
ρa sin cosza––

3
π 3a 3

π 3a 

전자기학(2판) 홀수 문항 답안

1-49 (a)  6πa2 (b) 6πa2 1-51 (a)   2 a3

3
(b)   2 a3

3
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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 02πasinθ ρ 2-4 (a)  2
voπa ρ

2-6 (a)  x y2
0

q 11
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

aρ = 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 aρ a ρ a ρ b
ε ρ 2

 
   

 
a ; 

 
2 2

ρ s1 s2 vo
0

1 b aρ a ρ b ρ (ρ > b)
ε ρ 2

 
   

 
a  

2-20 (a)  vo
x

0

ρ x dx
ε 2

   
 

E a ;  vo
x

0

ρ d dx >
2ε 2

 
 
 

a ;  vo
x

0

ρ d dx
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 aln
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 az + 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 20

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

ρρ ρ a
2πa

   ;  0ρ ρ b
2πb



2-52 (a)   
3

s vo2

aρ ρ r = b
3b

  ;  
3

vo2

a ρ r = c
3c

(b)   
3

vo vo
r r 2

0 0

ρ ρ ar (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

3-21 (a)
1

1 2

1 b 1 c2π ln ln
ε a ε b


 

 
 

3-23 (a) 2 31

2 3

πε επε
c c bln ε ln ε ln
a b a




3-24 Fig (a)  :
1

1 2

1 2

d dw +
ε ε


 
 
 

Fig (b):    1 1 2 2
w ε ε
d

 3-31 
2 5
o

e
0

4πρ aW
15ε



3-19 (a)   0 0 0
ρ ρ ρ

0 r 0

ρ ρ ρeverywhere, (ρ <a); (ρ >a)
2πρ 2πε ε ρ 2πε ρ

 D a E a a , 

   0
ρ

r

ρ 11 ρ a ; 0 ρ a
2πρ ε

 
    

 
P a   (b)   0

pv ps
r

ρ 1ρ 0, ρ 1
2πa ε

 
   

 



Chapter 4 

4-5 0
0

0 0

V 1V = V ,
ρ


 

 E a 4-9      
2

0

q 2d cosθ
V r,θ =

4πε r
4-10 Seven image charges are needed.

4-11 An infinite number of image charges are needed.

4-13 s 2 2 2 2

ρ a scos a d cosρ =
2π s +a 2sa cos d +a 2ad cos

 
 

  
    

4-18 (b)  Solve
   

1q q = 
d a a s


 

  and  
   

1q q = 
a+d a+s



4-23   0

n=odd

nπcosh x
4V nπbV x,y = sin y

nπnπ bcosh a
b

 
    

    
 
 

     

4-25    0

π 2πsinh y sinh x
π 2πa aV x,y = V sin x + sin y
a sinh π a sinh 2π

    
           

    
    

  

4-29         
n0

n=odd

nπ4V sin
ρ2V ρ, = cos n ρ a ;

nπ a
 

       
 



 
n0

n=odd

nπ4V sin
a2 cos n ρ a

nπ ρ


       
 



4-32      
3

2so so
2

0 0

ρ ρ a 1V ρ, = ρ sin 2 ρ <a ;  sin 2 ρ >a
4ε a 4ε ρ

       

4-33  
3

0 0 2

aV r,θ E r cosθ + E cosθ
r

 

4-37 (a)  pv ps 0ρ  = 0, ρ  = P cosθ   (b) 0
z

0

P
3ε

 E a

(c)  
3

0 0
2

0 0

P P aV(r,θ) = r cosθ (r <a); cosθ (r >a)
3ε 3ε r
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5-3 (a)  9 mΩ (b) 3.54×107 S/m (c)  9×10  V/m−4 (d) 9.0×10  W−5

5-4 (a)   6 21.27×10 A m  (b)  75.79×10 S m  (c)  28.8×10 W

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 cln + 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

6-6          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

6-18
2

z 0 0 2 2
2 2

3a 1= μ I
8π a az 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+ z2 2

 
         

     
 

B a  

 x > w
2

(e) 4.29×10  m /sV−3 2

(d) 59.43×10 m s

Chapter 5 

5-1 (b)  J z 3= a 3I0 ρ
2πa
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6-32  (a)  z 0 so
πμ J
4

a (b)  
2 3

0
r θ so3

μ m π a2cosθ + sinθ ; m = J
4πr 2

a a

6-33  (a)  z 0 so
2μ J
3

a (b) 3
so

4m = 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 dz = ±
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 μI0,  = 
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 dz = ±
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

7-30  2
1 2

21 0 3

π a a
L μ

4d
 7-31 0 2

21 1 2 2
μ aL = N N a ln 1+
2π b+d

 
  

7-32  0
21

μ bL = d+b ln 1+ b
d3π

 
 

 
 ,

2
3

b = a
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Chapter 8 

8-1 (a)  
2

20 0B ω B ωaρ sin(ωt) (ρ a); sin(ωt) (ρ a)
3a 3ρ   E a a

(b) 302πB 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 bω 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 IV (t) ω sin(ωt) ln(1 )
2π d

  

8-11 (a) 0
dV(t) = vB ω(t+ ) sinωt 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) = −Nπa2B 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)   k2  =  ω2µε

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 1y 1z so

0

ρE = 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
dWP = + P
dt



8-27 (a)  z 0 0
1μ 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  m/s8 9-5
πj(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)   
πj(0.5x )
2

z 5e
 

E a

(b)  
πj(0.5x )
2

y y
0 0

5 2.5e , (x,t) sin(ωt 0.5x)
2ωμ ωμ

 
    H a H a

(c) ω = 1.06 × 108 rad/s (d)   2
av x x

0

25 0.047 W/m
2μ c

 S a a

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

(d)
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9-19 (b)   0k 2π / 3     (c) x 0.  S a

9-20 (a)  f = 2.5 GHz,  ε = 1.44 ε0 (b) n = 1.2

(c)  jky jky
z x rms

2 22 2 e , e , H 6.37mA/m
314

   E a H a (d)   314 Ω

9-22 (a)  k = 5.6 (ax + ay 2 + az 3)   (b)   j(5.6x 11.2y 16.8z)
x y5 ( 2 ) e   E a a

(c)   j(5.6x 11.2y 16.8z)
x y z

0

1 5 ( 3 6 5) e
14

    H a a a

9-24 (a)   pα 37Np/m, d 2.7cm       (b)   4.77V/m  
9-25 (a)   pα 14.87Np/m, d 6.72cm 

 
(b)  L.T.= 0.09  (c) α =1.86×10−3, dp =538.7 m 

9-27 dc  > 3.3 mm    9-31 6 6
p gv 1.58 10  m/s, v 3.16 10 m/s     

9-33 (a)  LP   (b)   LHCP   (c)   RHEP 9-34    (b)  LHCP  (c)  RHEP

Chapter 10 

10-3 R = − 0.8 + j0.002,  T = 0.2 + j0.002

10-5 R = − 0.514,  T = 0.486,  E = ay TE0 e−j65.2x   e−0.067x

10-8 (a)   3x + 4z  = const.  (b)  k = ax3 + az4    (c)   f  =  238.7 MHz

(d)     j(3x +4z)
x z

0

1 254 3 e ,
120π 2ωμ

     H a a S k

10-9 (a)  θi = 36.9     (b)  θr = 36.9,  θt = 23.6

(c)  j(3x 4z) j(3x 4z)
r y r x z

o

5R 5e , R ( 4 3) e , R 0.264
ωμ

   
      E a H a a  

(d)  j(3x +6.87z) j(3x +6.87z)
t y t x z

0

5TT 5e , ( 6.87 3) e , T 0.736
ωμ

 
     E a H a a  

(e) 6.99% (f)   93%

10-15 (a)  θi = 67.4 (b) θr = 67.4, θt = 8.85 (c) R = −0.59
(d) T = 0.41 (e) 35% (f) 65%

10-19 Decompose the incident wave into a sum of a perpendicularly polarized wave and
a parallel polarized wave. 

10-21 (b)  θB = 61  when α = 0.05       (d)  θB = 29 , θc = 33.7  when  α = 0.05

10-24 65.37 m 10-31 (a)   TE     (b)  Parallel 10-32  (a) Parallel   (b)  33

10-35 (a)  j(3x 4z) j(3x 4z)
r y r x z

0

15e , ( 4 3) e


    E a H a a (b)  1

10-38 max
3f 75MHz, E at 1m in front of theplate.

2
 E

2

2033W/m
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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 × 108 m/s, ZTM = 90.5 Ω,

Sav = az 3E02 cos2(200π x)   mW/m2    

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

11-18 (a)   2.39×106 W/cm (b)  1.4×106 W/cm (c)  7.89 × 105 W/cm

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

        vp = 4.04 × 108 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

11-32     kz = −j24.9, −4.32 dB11-30   a = 1.5 cm, b = 0.75 cm

11-34   fr = 10.6 GHz, Q =7786 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 2πKe (at ρ = a), I
ηa η

 J a

11-46   v = 1.875 × 108 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
4Kρ = 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 ejωμ 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
22

5 2
r 02

4 aP 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 πAF = cos cos +
2 4

 
 
 

(iii) πAF = cos πcos +
2

 
 
 

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

      
 

 

12-31    SLL = −12 dB  for  N=5




