
[연습문제 공개용 답안 이용 안내]

 본 연습문제 답안의 저작권은 이연호와 한빛아카데미(주)에 있습니다.

 이 자료를 무단으로 전제하거나 배포할 경우 저작권법 136조에 의거하여 최고 5년 이하의 징역 또는

5천만원 이하의 벌금에 처할 수 있고 이를 병과(倂科)할 수도 있습니다.

제대로 배우는 전자기학 2판
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Chapter 01 연습문제 답안 
 
추상적 형태의 벡터연산 법칙들 
1.1 

  
 
 
1.2      (a) +A B , −A B  
 (b) A B=  
 
 
1.3      (a) 0 
 (b)  cos(48 ) sin(48 )o o

x y− −a a .  
 
 
1.4  ( )+ = +A B C A B A Cg g g  
 
 
1.5 ( )× + = × + ×A B C A B A C  
 
 
1.6 벡터가 3차원 공간에서 선형적으로 이동하더라도 벡터 평면 위 투영은 영향을 

받지 않는다. 
 
 
1.7 증명 생략 
 
 
1.8 증명 생략 
 
 
1.9 증명 생략 
 
 
1.10 증명 생략 
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선과 면벡터연산 법칙들 
 
1.11 ( )( ) 16 8 28x y z× = + −A B A B a a ag  
 
 
1.12  

 (a) 2 1 3
14 14 14

A x y zA
= = + +

Aa a a a  

 
  (b)    

       
( ) ( ) ( )1 2 2 1 1 3

         3 2
x y z

x y z

− = − − + − + −

= − + −

B A a a a
a a a

 

 
 (c) ( )( ) ( )( ) ( )( )2 1 1 2 3 1 3= − + + =A Bg  
 

 (d) 2 1 3 5 5 5
1 2 1

x y z

x y z× = = − − +
−

a a a
A B a a a  

 

 (e) 1 1 3cos cos 70.9
14 6

o
AB AB

− −   θ = = =  
   

A Bg  

 

 (f) ( ) ( )3 2 3
14A A x y z= = + +B B a a a a a

P

g  

 
 (g)  

      

6 3 91 2 1
14 14 14

20 25 5     
14 14 14

x y z

x y z

⊥
     = − = − − + − + −     
     

= − + +

B B B a a a

a a a

P

 

 
 
1.13  

 (a) ( ) ( ) ( )2 2 22 1 1 6A = + + =  

       2 1 1
6 6 6

A RA θ φ= = + +
Aa a a a  
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 (b) 

      
( ) ( ) ( )3 2 2 1 4 1

         5
R

R

θ φ

θ φ

− = − + − + − −

= + −

B A a a a
a a a

 

 
 (c) ( )( ) ( )( ) ( )( )2 3 1 2 1 4 4= + + − =A Bg  
 

 (d)  2 1 1 6 11
3 2 4

R

R

θ φ

θ φ× = = − + +
−

a a a
A B a a a  

 

 (e) 1 1 4cos cos 72.3
6 29

o
AB AB

− −   θ = = =  
   

A Bg  

 

 (f)  ( ) 4 2 2
3 3 3A A R θ φ= = + +B B a a a a a

P

g  

 
 (g)   

       

4 2 23 2 4
3 3 3

5 4 14                   
3 3 3

R

R

⊥ θ φ

θ φ

     = − = − + − + − −     
     

= + −

B B B a a a

a a a

P

  

 
 
1.14  
 (a) 7 2 5 zρ φ+ = + +A B a a a  
 (b) (3 2 ) (4 5 ) 12zρ φ ρ= + + =A B a a a ag g  

 (c) 3 2 0 10 15 8
4 0 5

z

z

ρ φ

ρ φ× = = − −
a a a

A B a a a  

 
 

1.15   
 (a) 6 4 2R φ+ = +A B a a  
 (b) 9=A Bg  

 (c) 12 2 θ× = −A B a  
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벡터 성분 
 
1.16  
 (a) 4 3 12x y z= + +r a a a  
 (b) 5 12 zρ= +r a a   
 (c) 13 R=r a  
 
 
1.17  
 (a)  ( )( ) 2 x y= = −A A a a a a

P P P

g  

 (b)  ( )3 6 5x y y⊥ = − = + +A A A a a a
P

 
 
 
1.18  

 (a) 1 3 3
2 4 4A x y z= − + +a a a a  

 

 (b) 1 3
2 2y z⊥

 
= ± −  

 
a a a  

 
 
1.19   
 (a)  

 1cos        70.5
3

x o
x xA

θ = = → θ =
A ag  

 2cos        48.2
3

y o
y yA

θ = = → θ =
A ag

 

 2cos        48.2
3

z o
z zA

θ = = → θ =
A ag  

 
 (b)  

 2cos         60
4

x o
x xr

θ = = → θ =
r ag  

 3cos         41.4
4

y o
y yr

θ = = → θ =
r ag

 

 3cos        64.3
4

z o
z zr

θ = = → θ =
r ag  
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1.20 1 ( 2 )
5

ρ φ± − +a a  

 
 
1.21  

( ) ( ) 3 12 3 2
2 2

                  3

x y x y

x y

 
= + − +  

 

= −

A a a a a a a a

a a

R R Rg g

 

 
 
1.22  

 (a)  1
2 R⊥ =F a  

 

 (b) 3 2
2

⊥ θ φ= − = −F F F a a
P

 

 
 

1.23 1 2
2 R⊥ φ= − = −F F F a a

P

 

 
 
 
위치벡터와 거리벡터 
 
1.24 3 4x y zz= + +r a a a  
 
 

1.25 
   4x y zx y

′= −
= − − +

r r
a a a

R
  

 
 
1.26  

 (a)  2 1 2
3 3 3n x y z= + +a a a a  

 (b) 1
2 1 21 1
3 3 3n x y zd d d d     = + = + + + +     

     
r r a a a a  
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1.27  

 (a) ( )1 0 1-3 1-2
2 2 1 42 2
3 3 3 3x y z x y zp p  = = − − + − + = 

 
a a a a a a ag gR  

 (b)  ( )3 1-3 1-2
1 1 651 2 2 2 5 6
3 3 3

2 2 1

x y z

o x y zp p = × = − − = + + =
−

a a a
a a a aR  

 
 
1.28 1-2 (2 3) ρ φ= − +a aR  
 
 
 
점곱 및 가위곱 
 
1.29 증명 생략 
 
 
1.30 증명 생략  
 
 
1.31 0180 94.10 42.95 42.95o o o− − =  
 
 

1.32 2-1 3-1
1 1 36 4 64 5.1
2 2

× = + + =R R  

 
 

1.33 1.55c
a

=  

 
 
1.34  증명 생략 
 
 
1.35 0180 84.3 95.7o oθ = − =  
 
 
1.36   3 4 5r x y z= − + +k a a a   
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선과 면 

1.37 ( )1 4 3
5 x y± +a a . 

1.38 (a) 
2 2n
c p

a b
= =

+
r ag

(b) na 는 평면상의 선에 수직인 단위벡터이다.

P는 원점에서 선까지의 수직 거리이다.

1.39 78.7o . 

1.40  (a) 

2 2 2n
d

a b c
p

=
+ +

=

r ag

(b) na  는 평면에 수직인 단위벡터이다.

P는 원점에서 평면까지의 수직 거리이다.

1.41 1 1 4cos cos 68.3
3 13

o

AB
− −θ = = =

A Bg

1.42  (a)  1 1
2

x y z+ + =  

(b) ( )1 22 2 2
3 3x x y z+ + =a a a ag

1.43 2 4 13x y z+ + =  
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미분 면적벡터 
 
1.44     (a) 4d d dz ρ= φs a  
 (b) 2 zd d d= ρ φs a  
 (c) d d dz φ= ρs a  
 (d) d d dz φ= − ρs a  
 
1.45    (a) 36sin 20 12.3o

R Rd d d d d= θ φ = θ φs a a  

 (b) 4sin 30 2od dRd dRdθ θ= φ = φs a a  
 (c) 4d dRd φ= − θs a  
 (d) 5d dRd φ= θs a  
 
 
1.46 (a)  xdydz± a   
 (b)  zdxdy± a  
 (c)  zd d±ρ ρ φa  
 (d)  2d dz ρ± φ a  
 (e)  d dz φ± ρ a  
 (f)  9sin Rd d± θ θ φa  
 (g)  RdRd φ± θa  
 (h)  ( / 2)R dRd θ± φa  
 
 
 
좌표 변환 

1.47  1 12 2
1 1

[ ( ) ( ) ]
( ) ( ) x y

I y y x x
x x y y

= − − + −
− + −

H a a  

 
 

1.48 1 1 1
2 2 2 3/2

1 1 1

[( ) ( ) ( ) ]
[( ) ( ) ( ) ]

x y zx x y y z z
q

x x y y z z
− + − + −

=
− + − + −

a a a
E  

 
 
1.49 ( ) ( ) ( ) ( )3 3 1 3 1 3 1 3 1x yx y x y′ ′

   ′ ′ ′ ′ ′= + + − − + + −   A a a  

 
 
1.50 (a)  180 63.4 116.6o o oφ = − = , 3z = ,  (b)  116.6oφ = . 
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1.51 (a) 1 3 2
14 70 5

x R θ φ= + +a a a a  

 (b)  1 1 1
2 22

x R θ φ= + −a a a a  

 (c)  1 1 3
22 2 2 2

x R θ φ= + −a a a a  

 
 

1.52  (a) 12
2 zρ= +A a a  

 (b)  3
2 R=A a  

 
 

1.53 2 2
2 ( )x yx y

x y
= +

+
H a a  

1.54  2 2
2 2 2 3/2 2 2 2 2

1
( ) x y z

xz yz x y
x y z x y x y

 
 = + − +

+ +  + + 
H a a a  

1.55 ( )1 3 2 2
3 2

A z′ ρ φ= − + −a a a a  

 
1.56 zd d d dzρ φ= ρ + ρ φ +l a a a  
 
 
1.57 변환을 하려면 변환행렬 T 외에도 삼각법과 피타고라스 정리를 사용해야 

한다. 
 
 
 
 
1.58  

sin cos sin sin cos 1
cos cos cos sin sin 1

sin cos 0 1

RA
A
A

θ

φ

θ φ θ φ θ     
     = θ φ θ φ − θ     
     − φ φ    

 

 
 
1.59 증명 생략 
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Chapter 02 연습문제 답안 
 
선 및 면 

2.1 
2 3

13
x y

T
− +

=
a a

a  

 
 
2.2 x가 증가함에 따라 타원에서 시계방향으로 움직인다. 
 
 
2.3      (a)   ( ) (2 0.5cos ) (1 0.5sin )x yϕ = + ϕ + + ϕr a a  

 (b)  ( 0.5sin ) (0.5cos )x y
dd d d d
d

= ϕ = − ϕ ϕ + ϕ ϕ
ϕ
rl a a  

 
 
2.4        

 (a) 2 2 2
1 1( )  = + + − − +  x y zy x y a x y ar a a a   

 (b) 

       11
2 2 2

1 1

 
 = −
 − − 

x z
xd dx

a x y
l a a  

      12
2 2 2

1 1

 
 = −
 − − 

y z
yd dy

a x y
l a a  

 (c)   

      

1 2

2 2 2 2 2 2
    x y z

d d d

x y dxdy
a x y a x y

= ×

 
 = + +
 − − − − 

s l l

a a a
 

 
 
2.5  (a)  2 2

x y zx y a y= + + −r a a a   

 (b)  1 2
2 2z y
yd d d dxdy

a y

 
 = × = +
 − 

s l l a a   
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2.6  

 (a) 21( , ) 16
2z zzρ ρρ φ = ρ + = ρ + − ρr a a a a  

 (b)  
2

2

1
2 16

zd d d d dρ

  ∂ ∂ ρ = × ρ φ = + ρ ρ φ   ∂ρ ∂φ  − ρ 

r rs a a  

 
 
 
선적분 
 
2.7  (a) 28/3 

 (b) 28/3 
 

2.8 
4
π   

 
 

2.9 (a) 21 / 4x y x yx y x x= + = + −r a a a a   
 (b)  -ln2 
 
 
2.10  

 

3 60

2 30

2 30

3 60

sin 90 cos30 ( sin )3sin 90

               sin 90 cos 60 ( sin ) 2sin 90

o

o

o

o

R o o o
R

R o o o
R

d R dR d

R dR d

= φ=

= φ=

= φ=

= φ=

= + − φ φ

+ + − φ φ

∫ ∫ ∫

∫ ∫

A l
C
g

 

                 

( )

3 5 1 3 1 5 3 13 2
2 2 2 2 2 2 2 2

3 3 1
4

    = + − + − + −           

= −

 

2.11 -2 
 
 
 
면적분 
 
2.12 10π 
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2.13   

 

( )
( ) ( )

( ) ( )

( )

At 4

At 30 At 210

At 0 At 5

5 7 /6 2
0 /6

4

0 0

              

              

            4

              3 cos30

o o

S

z zz z

z

z

o
z

d d dz

d dz d dz

d d d d

d dz

d dz

ρρ=

φ φφ= φ=

= =

= φ= π

= φ=π

ρ=

= ρ=

= ρ φ

+ − ρ + ρ

+ − ρ ρ φ + ρ ρ φ

= φ

+ ρ ρ

∫ ∫
∫ ∫
∫ ∫

∫ ∫

∫

A s A a

A a A a

A a A a

g g

g g

g g

( )

( ) ( )

5 5 4

0 0

7 /6 4 7 /6 4

/6 0 /6 0

3 cos 210

              2 0 2 5

            80 60 3 60 3 0 80 120 3

z z o
z

d dz

d d d d

= = ρ=

= ρ=

φ= π ρ= φ= π ρ=

φ=π ρ= φ=π ρ=

+ − ρ ρ

+ ρ ρ φ + − ρ ρ φ

= π + + + − π =

∫ ∫ ∫

∫ ∫ ∫ ∫

 

 
 
2.14   -3π 
 
 
 
선 및 면그레이디언트 
 
2.15     
 (a) 2 2 26 3 3x y x y x y

x y zU ze ze e+ + +∇ = + +a a a  

 (b) 2
25sin 5cos

1ρ φ∇ = φ + φ −
+ z
zV

z
a a a  

 (c) 3 3 3
sin cos cos cos sin2 θ φ

θ φ θ φ φ
∇ = − + −RW

R R R
a a a  

 
 

2.16    (a)  6 
 (b)  -ln5-10 
 (c)  

 

2

1
2 1 2

sin 0 cos 45 sin 90 cos 45( ) ( )
82

1                                             
8 2

o o o op

p
W d W p W p

   
∇ = − = −   

   

= −

∫ lg
 

 
2.17  (a) 예, (b) 예, (c) 예, (d) 예 
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2.18 증명 생략됨 
 
 
2.19  (a) 5 
  (b) −8 
  (c) 6 
 
 
2.20 4 2 8 2 2 2∇ = − −x y zW a a a  
 
 
2.21    (a) op , 4p  
 (b) 3p  

 (c) 1p , 2p , 3p 에서 op 로 향한다. 
 
2.22  
 (a) 2 zV∇ = a  
 (b)  

1 1
sin

     2cos 2sin

R

R

V V VV
R R Rθ φ

θ

∂ ∂ ∂
∇ = + +

∂ ∂θ θ ∂φ
= θ − θ

a a a

a a
 

 (c) 2 zV∇ = a  
 
 

2.23  x y z
V V VV
x y z′ ′ ′

∂ ∂ ∂
∇ = + +

′ ′ ′∂ ∂ ∂
a a a    

 
2.24     (a) ( )∇ = ∇ + + =x y zf k x k y k z k  

(b) k에 수직인 무한 평면 
             (c) 1 /c k 는 원점에서 평면까지의 수직 거리이다. 

 

2.25 1 1
2 2

36 64cos cos 73.7
6 8

− − − +
θ = = =

+
g o

AB
A B  

 
 

2.26 (a)  ( )1 3
11

n x y z= + +a a a a  

 (b) 3 12+ + =x y z  
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2.27   

 

2

2

2

2
8

   
2 16

z

z

d dd d d
z

d d

ρ

ρ

ρ ρ φ
= + ρ ρ φ

 ρ = + ρ ρ φ
 − ρ 

s a a

a a
 

 
 
2.28 43 2x y zx x x= + +r a a a  
 
 
 
선속 및 선속밀도 
 

2.29 
2 2

0 0
sin 4

π π

φ= θ=
Φ = θ θ φ = π∫ ∫ g

R
R a d d a

a
a a  

 
 

2.30 ( )
22 2 2
20 0 0

sin 2 1
−π π −

φ= θ= =
Φ = θ θ φ = π −∫ ∫ ∫

Ra a
R

e R dRd d e
R

 

 
 
 
다이버전스 및 다이버전스 정리 
 
2.31 증명 생략   
 
 

2.32 (a) ( )
( )3/22 2 2

+ +
∇ = −

+ +
g

x y z

x y z
A  

 (b) ( ) 21 ln 1 sin 3∇ = ρ + − φ +
ρ

g zB  

 (c) 4
1 2 cos sin sin 2−∇ = − + θ − θ φg

Re R
R

C  

 
 

2.33 (a)  1∇ =gD , (b) 1 
 
 

2.34 (a) 3, (b) 3  
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2.35 증명 생략 
 
 
2.36 증명 생략 
 
 
2.37 증명 생략 
 
 
2.38 증명 생략 
 
 
 
컬 및 스토크스 정리 
 
2.39 (a)   

       

2

2

0

∂ ∂ ∂
∇× = =

∂ ∂ ∂
−

x y z

zx
x y z

x z

a a a

A a  

 (b)  2∇× = zxA a   
 
 

2.40 증명 생략 
 
 
2.41 증명 생략 
 
 
2.42 증명 생략 
 
 
2.43 증명 생략 
 
 
2.44 증명 생략 
 
 
2.45  증명 생략 
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2.46 증명 생략 
 
 
 
라플라시안 
 
2.47 (a) 2 2 2∇ = +V z y  

 (b)  2 3 sin∇ = φV z  

 (c)  2 3cos∇ = φV  
 
 
 
헬름홀츠 정리 
 
2.48 (a) 비회전장이지만, 솔레노이드는 아님  

(b) 솔레노이드형이면서 비회전형임 
(c) 솔레노이드형이지만, 비회전형은 아님 
(d) 솔레노이드도 아니고 비회전장도 아님 
(e) 비회전장이지만, 솔레노이드는 아님 
(f) 솔레노이드형이면서 비회전형임 

 
 
2.49 (a) 0=gk A ,  (b) 0× =k A . 
 
 

2.50 φ=
ρ
AH a   

 

2.51 2( ) = R
A

R
E r a  
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쿨롱 법칙 

3.1    2 [C]q Q= −  

3.2    2x =

3.3    ( )
2

1 2 2
0

1 11
4 3 3 2

x y z
q

a
 

+ = + + + − πε  
F F a a a

3.4 

( )

18
9

1 12 2

9

9

15 10 102.26 15 10
4 8.854 10 5

33.9 53.9 10

20.0 10 [N]

z

z

z

−
−

−

−

−

 × ×
= − × × + 

π× × × 
= − + ×

= ×

F a

a

a

The electric force on 2q  is 

( )9 9
2

9

2.26 10 10 53.9 10

31.3 10 [N]

z

z

− −

−

= × × − ×

= − ×

F a

a

전기장 세기 

3.5 ( )
0

2
10 x z

ρ
= − +

πε
E a al  

3.6  2 1 2 1
0

(cos cos ) (sin sin )
4 zρ

ρ
= θ + θ + θ − θ  πε ρ

E a aol  

3.7 ( )
( )

1
2

0 0 01

1 cos
2

2 22 1 cos
x

x x x
a

aa
− φρ ρ ρ 

= = = πε πε πε− φ 
E a a aR

R R
l l l

Chapter 03 연습문제 답안 
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3.8 1

0
tany

a
b

−ρ  =  πε  
E a s  

 
 
3.9  

 

3/2 1/22 2 2 20 0

1/2 1/22 2 2 20

( ) 1
2 2( ) ( )

1 1  
2 ( ) ( )

z b

z b z z
z b

z b

z

dz a z z a

a z z a z z

a

a z b a z b

′=

′=

′=−

′=−

′ ′ρ − ρ
= =

ε ε   ′ ′+ − + −   

 
ρ  = −

 ε    + − + +     

∫
a aE

a

s s

s

 

 
 

3.10  
0

s
ρ

ρ
=

ε
E a  

 

3.11 (a) 
( )

2 20

11
2 / 1

z
Q

a a b

 
 = − πε  + 

E a   

  (b) 5b a>    
  (c)  0.01b a<  
 
 

3.12 ( )
0 0

( ) 6 3 2
2 14n x y y
ρ ρ

= − = − + +
ε ε

E a a a as s  

 
 

3.13 
04 y

ρ
=

ε
E av  

 
 
3.14 2sinR c= θ   
 
 
 
전속 
 
3.15 20 [nC/m] 0.2 [m] 4 [nC]× =  
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3.16 / 8 [C]q  
 
 
3.17 q/2 
 
 
3.18 5 [ C]µ  
 
 
 
가우스 법칙 
 
3.19 (a) 0=E  Outside 

       
0

z
Q

A
= −

ε
E a   Gap 

       
02 z

Q
A

= −
ε

E a  Interior of the conductor 

 (b)  전하는 E가 간격이 0이 되지 않도록 상판의 바닥과 아래판의 윗면에 

 위치해야 한다. 
 
 
3.20 ( )1 z

ze−= −D a  ( 0)z >   

 ( )1 z
ze= − −D a  ( 0)z <  

 
 

3.21  
2 2( )
2

a
ρ

ρ ρ −
=

ρ
D av , 

2 2( )
2

b a
ρ

ρ −
=

ρ
D av   

 
 

3.22  
( )2 2

1 2

2 R

a b

R

ρ + ρ
=D a

s s
, 

2
1

2 R
a

R
ρ

=D as , 0=D  

 
 
3.23  ( ) 27.7 2.6 [nC/m ]s l y z= + = +D D D a a  
 
 

3.24  2
0

1
4 R

ρ =
πεv  



© 2025. Lee Yeon Ho & Hanbit Academy. All rights reserved. 
 
 

 ( )
2 2

20 0
00

1 1sin
4

R b

R a
Q R dRd d b a

R
φ= π θ=π =

φ= θ= =
= θ θ φ = −

επε∫ ∫ ∫  

 
 
전위  
 
3.25 K 는 보존장이 아니다. 
 
 
3.26 둘 다 아니다. 
 
 
3.27 (a) 36, (b), 36 
 
 

3.28 -
0

1 1 1 1
4 4 65 7

p o
qV  

= − − + πε  
 

 
 

3.29  
2 21 0

/

4 2 cos(2 / )

N

n

Q NV
a d ad n N=

=
πε + − π

∑  

 
 

3.30 
0

1
4

V d
′

ρ
=

πε
′∫ o

L R
l l  

 ( )
0 2 2 2 20

2 2
2 20

2 2

2 2 2 20

1   
4

   ln
4

   ln
4

a

x a

a

x a

ad dx
a b b x

a x b x
a b

a a a b

a b a a b

π

′ ′φ = =−

′=−

 ′ρ φ ′= + 
πε  ′+ + 

 ρ π ′ ′= + + + 
πε  + 

 ρ π + +
= + 

πε  + − + + 

∫ ∫o

o

o

l

l

l

 

 
 
3.31 대칭성이 부족 
 
 
3.32    46.78 10 ln( / 0.4) [V]V = − × × ρ    (1) 

 4 46.78 10 ln(0.2 / 0.4) 4.70 10 [V]V = − × × = ×  (2) 
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 0V =    (3) 
 
 

3.33 1
04

QV
R

=
πε

  

2
2 1 2

0

( )

1 1    
4 4

R R

R b
V V R b d

Q Q
b R b

=

=
= = −

 = + − πε πε  

∫ E lg
 

3
0

1 1
4 4

Q QV
b a b

 = + − πε πε  
 

 
 

3.34 2 2
1-a 1

0
3

6aV V V a Rρ  = + = − ε
v  

 
 
3.35 2 3 0x y+ =   
 
 
3.36 2 2xy =  
 
 

3.37 2 2 3/2

0
( )

(4 / )
zy z

qd V
+ =

πε
 

 
 
3.38  

 
전기분극 

3.39  (a) 24 R
q
R

=
π

D a  
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        2
0 04 R

r r

q
R

= =
ε ε πε ε

DE a  

        2
1

4
r

o R
r

q
R

ε −
= − ε =

ε π
P D E a  

 (b) 2
1 0

4
r

pv R
r

q
R

 ε −
ρ = −∇ = −∇ = ε π 

P ag g  

 (c) 증명 생략 
 
 
3.40 증명 생략 
 
 

3.41 1
2

r
ps n

r c
ε − ρ

ρ = =
ε π

P ag l  

 
 
3.42    (a) 0 0( 1) 7.5 ( 1)r i r z= ε ε − = ε ε −P E a  
 
 (b) 07.5 ( 1)cosps R rρ = = ε ε − θP ag  

(c) 0

0

7.5 ( 1)
3

r
p z

ε ε −
= −

ε
E a  

 (d)  2rε = . 
 
 
3.43  

 (a)  
( )2

02 1 R
r

Q
R

=
πε ε +

E a  

 (b) 2aS  : ( ) ( )
( )2

1
2 1

ra
ps R

r

Q
a

− ε −
ρ = − =

π ε +
P ag ,      

       2bS : ( ) ( )
( )2

1
2 1

rb
ps R

r

Q
b

ε −
ρ = =

π ε +
P ag   

 (c)  1aS : 22 ( 1)r

Q
a

ρ =
π ε +s ,     2aS  :  , 22 ( 1)

ra
total ps

r
s

Q
a

ε
ρ = ρ − ρ =

π ε +s   

 (d) 유일해이다. 
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경계면 조건 
3.44   
 (a) 2 3 2 4x y z= − +E a a a  
 (b) 1 2 02ps ps psρ = ρ + ρ = ε  

`          (c) 1
02

ps
ps z z

ρ
= =

ε
E a a  ( 0z ≥ ) 

       2ps z= −E a  ( 0z < ) 
 
 (d)  1 1 2 2 3 2 5ps ps x y z− = − = − +E E E E a a a  
 
 
3.45 dV y z= − −  
 
 

3.46 
0

338.8 [V/m]
( 1)
r ps

z r iz
r

E E
ε ρ

= ε = =
ε ε −

 

 
 
3.47 (a)   0= =D E    ( 0.2 or 0)z z> <   

          24.5 [nC/m ]z= −D a  (0 0.2)z< <   
 

          
9

0 0

3 10 [V/m]z
r

−×
= = −

ε ε ε
DE a ,         

           2
0 1.5 [nC/m ]z= − ε = −P D E a             ( 0 0.1z< < ) 

 

0

4.5 [nV/m]z= −
ε

E a , 

0=P                                                      ( 0.1 0.2z< < ) 
  
             ( )9 21.5 10 1.5 [nC/m ]ps n z z

−ρ = = − × − =P a a ag g          ( 0z = ) 

             9 21.5 10 1.5 [nC/m ]ps n z z
−ρ = = − × = −P a a ag g              ( 0.1z = ) 

  
 (b)  23.0 [nC/m ]s psρ + ρ = −          ( 0z = ) 

        21.5 [nC/m ]−                            ( 0.1z = ) 

        24.5 [n C/ m ]                             ( 0.2z = ) 
 
 
3.48 ( )7.5 2cos sinR θ= θ − θE a a  



© 2025. Lee Yeon Ho & Hanbit Academy. All rights reserved. 
 
 

3.49 (a) 2
03.66  [C/m ]ε   ( z d= ), 2

03.66  [C/m ]− ε    ( 0z = ) 

 (b) 1 5 5 3x z= +E a a  
 (c) 설명 생략 
 
 
3.50 (a) (5 5 3 ) 5.77 5 2.89i x z z x z= + − = +E a a a a a  
 (b) 3.0rε =  
 
 

3.51 (a) 1 2

1 2
A ε − ε

=
ε + ε

, and 2

1 2

2B ε
=

ε + ε
  

 (b) 02 [ ( )]ps o zz oA
=

ρ = ε −E ag  
 
 

3.52 
2

2
0 216

e
z

e

q
d

χ
= −

χ +πε
F a  

 
 
 
정전기 포텐셜 에너지 
 

3.53  ( )
18

1 2 3 12
1 25 105 [nC] 4 2 0.61[ J]
2 8 8.854 10EW V V V

−

−

×  = × + + = + = µ π× ×
 

 

3.54 (a) 
2

2
0

R
a

R
ρ

=
ε

E aos   ( R a> ), 0=E  ( R a< )  

       
2 2

0 0

4
4

a aV
R R

π ρ ρ
= =

πε ε
o os s  

 (b)  
2 2 3 22 2

40 0
0 0

1 ( ) 1 2sin
2 2E a

a aW d R dRd d
R

π π ∞ρ π ρ
= = θ θ φ =

ε ε∫ ∫ ∫ ∫D E o o

V

s svg   

 (c)   
3 22 2

0 0
0 0

1 1 2( ) sin
2 2E

a aW V R a d a d d
π π

φ= θ=

ρ π ρ
= ρ = = ρ θ θ φ =

ε ε∫ ∫ ∫ o o
o oS

s s
s ss  

 (d)   
3 3 2

0
0 0

4 2a aW d
ρ ρ ρ

= π ρ = π
ε ε∫

o os s s
s  

 
 

3.55 2 5

0

4
15EW aπ

= ρ
εv  
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경계값 문제 
 
3.56 ①만 라플라스 방정식을 만족한다.  
 
 
3.57 04 [C]oQ V= − πε  
 
 
3.58   (a)  

     

2 2
2

2

1
2

1 0

o

VV R
R RR

V c
R R

cV c
R

∂ ∂ ∇ = = ∂ ∂ 
∂

=
∂

= +

    

 (b)  

     

2

1 2

1 0

ln

o

VV

V c

V c c

 ∂ ∂
∇ = ρ = ρ ∂ρ ∂ρ 
∂

=
∂ρ ρ

= ρ +

  

 
 

3.59 ( )5 2 3 20
3

V x y z= − + + +   

 
 

3.60 [ ]
[ ]

ln tan( / 2)
ln tan( / 2)o

o
V V

θ
=

θ
  

 
 

3.61 1
1 1

4
qV V

R a
 = + − πε  

          ( 0 R a< < ) 

 
 
 
영상법 
 
3.62 71.9 [V/m]za  
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3.63 
0

2
4 5 5

y z
y

q + 
= − πε  

a a
E a   

 
 
3.64  

 
( ){ } ( ){ }3/2 3/20 2 22 2 2 22yy

q b b

x a b z x a b z
=

 
 −

ρ = = + π  − + + + + +
 

D as g    

( 0y = ) 

 
( ){ } ( ){ }3/2 3/20 2 22 2 2 22xx

q a a

a y b z a y b z
=

 
 −

ρ = = + π  + − + + + +
 

D as g .   

( 0x = ) 
 
 
3.65 2.43 [nC/m]  
 
 
 
정전용량 

3.66 

1 0

1 1
2

QC
V d

= =
 

+ ε ε 

S  

 

3.67 1 02 2o

QC
V d d

= = ε + ε
S S  

 
 

3.68 1

( 1)d
QC
V e

ε
= =

−
S  

 
 
 
가상변위 원리 
 

3.69 (a) 
2

2 1( )
2
o

x
V

wd
= ε − εF aS   

 (b) 2 1
2

2

( )o o
o

x w xV V
w

ε + ε −
=

ε
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3.70 (a) 0.243 [ J]µ  
  (b) 89.03dV dx=  

(c)  0.11[ N/m]µ . 
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Chapter 04 연습문제 답안 

전류 및 전류밀도 

4.1 2.4 [A] 

4.2 3.83 [A] 

4.3 1.77 [A] 

4.4 1910

전도도 

4.5 (a)  42.96 10 [S/m]−×
(b) 1.18 [ A]µ
(c) 4.24 [M ]Ω
(d) 5.90 [ W]µ

4.6 7.6%. 

저항 

4.7 1 2

2
b a σ + σ

=
σ

4.8 2 1 ln( / )
4.15 [ ]

2
a bV VR

I
−

= = = µΩ
σ πl

 

4.9 4.15 [ ]µΩ  
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4.10 1 1 1
2

oVR
I a b

 = = − πσ  
 

 
 
4.11 31.48 10 [S/m]−σ = ×  
 
 
4.12 (a) 4.41 [ ]Ω  

(b) 5.92 [ ]Ω  
 
 

4.13 (a) 
( ) ( )

1
1 1 1

1 2

1
ln / ( / ) ln /

oV
b a c b ρ

σ
= σ =

+ σ σ ρ
J E a     ( a b≤ ρ ≤ )  

       
( ) ( )

1
2 2 2

1 2

1
ln / ( / ) ln /

oV
b a c b ρ

σ
= σ =

+ σ σ ρ
J E a    ( b c≤ ρ ≤ )  

(b)   

( ) ( )

1
1

1

1

1 2

( ) ( )

( / )    
ln / ( / ) ln /

o

D a J a

a V
b a c b

ρ
ε

ρ = ρ = = ρ =
σ

ε
=

+ σ σ

s

   ( aρ = )  

 

( ) ( )
1 2 1

1 2 2 1

( ) ( )

/    
ln / ( / ) ln /

o

D b D b

V b
b a c b

+ −
ρ ρρ = ρ = − ρ =

 σ ε ε
= − + σ σ σ σ 

s

   ( bρ = ) 

 

( ) ( )

2
2

2

2 1 2

1 2

( )

( / )( / )    
ln / ( / ) ln /

o

D c J

c V
b a c b

ρ
ε

ρ = − ρ = = −
σ

ε σ σ
= −

+ σ σ

s

   ( cρ = ) 

 
(c)  

( ) ( )
1 2

ln / ln /
2 2

o b a c bVR
I

= = +
πσ πσl l

 

 
 

4.14 1 2

2

( )b a σ + σ
=

σ
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4.15 2 2 2 2
1 2( ) ( )

VR
I b a c b

= =
σ π − + σ π −

l  

 
 
4.16  

 
0.83

o o
z

V
d

σ
= −J a  

 
( )0.83 1 /

o
z

V
d z d

= = −
σ +

JE a  

 
0.83

o oVI d
d

σ
= =∫ J s S

g  

0.83o

o

V dR
I

= =
σ S

 

 
 
4.17 (a)  

      2 2
1 ( )

sin( / 2)o

a aR b a c
b a

= = − +
θ −

  

      2 2
2 ( )

sin( / 2)o

b bR b a c
b a

= = − +
θ −

 

 
(b)  

      
2

2 2

( ) 1
2 ( )

V b aR
I ab b a c c

−
= =

πσ − + −
 

 
 
 
경계면 조건 
 

4.18 (a) 2
2

1
2 3y z

σ
= +

σ
J a a   

(b) 

 ( )1
1

1 1

1 2 3y z= = +
σ σ
JE a a   

       2
2

2 1 2

2 3
y z= = +

σ σ σ
JE a a  

(c)  
2 1

2 1
2 1

3n nD D  ε ε
ρ = − = − σ σ 

s  
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4.19 (a) 
1 1 2 2/ /

o
o

VJ
t t

=
σ + σ

   

       1
1

1 1 2 2

/
/ /

oVE
t t

σ
=

σ + σ
 , 2

2
1 1 2 2

/
/ /

oVE
t t

σ
=

σ + σ
  

 

 (b)   1 1
1

1 1 2 2

/
/ /

oV
t t

ε σ
ρ =

σ + σs  , 2 2
2

1 1 2 2

/
/ /

oV
t t

−ε σ
ρ =

σ + σs   

        2 1
2 1

1 1 2 2 2 1/ /
o

o
VD D

t t
 ε ε

ρ = − = − σ + σ σ σ 
s  

 
 
 
전하완화 
 
4.20 /I q= σ ε   
 
 
4.21 0.41[S/m]σ =   
 
 
4.22 증류수는 1 2τ > τ  이기 때문에 더 나은 부도체이다.  
 
 
4.23 

1111 4.73 104.73 10 tI e− ×= ×  
 
 

4.24 2 2 1

2 2 1

( 1)
o o o

A B J J
B

 + − ε ε ε
ρ = = − σ σ σ 

s  

 
 

4.25  1 1
1

1
o

o
J

 1
ρ = ε − σ σ 

s  
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Chapter 05 연습문제 답안 
 
로렌츠 힘의 식 
  
5.1 ( )o x yB b a= − +E a a  
 
 

5.2 
2 2

0

2
o

m
q I

π ρ ω
=

µ
v  

 
 

5.3 (a) y
I

hw q
= a

n
v   

(b) m o
H x

IB
q hw q

= − = −
FE a

n
 

 
 
 
비오-사바르 법칙 
  

5.4  1 1
2 2
1 1

( )
2 ( )

x yy a xI
x y a

− − + =  π + − 

a a
H  

 
 
5.5  

(a) 
2x

I
d

=
π

H a  

(b) ( )1 2 2 2 2 2

22cos
2

x x
I d

a d a d
= + ζ =

π + +
H H H a a  

(c)   =a d   
 
 

5.6 1
93

2 z
I
a

= =
π

H H a  

 
 

5.7 1
2 1

2 2 z
I
a

 
= +  π 

H a  
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5.8  1 1 2
4 5 2 45

z
I  

= − + − π  
H a  

 
 

5.9 (a) 
2

2 2 2 2

2 1
( ) 2

z
Ia

a b a b
=

π + +
H a  

(b) 2 10 2
4 3 z

I
a

 
= − 

π  
H a  

 
 

5.10 
2

2 2 3/22( ) z
Iad

a b
= =

+∫H H a  

 
 

5.11     1tano
x

J a
b

−=
π

H a
 

 =
+ +

∫
2

2 2 3/2 2 2

/
( )

dx x a
x a x a

 and −=
+∫ 1

2 2

1 tandx x
x a a a

 

 
 

5.12 1
2 20

1 tan
x ao o

x xx

J b J adx
bx b

= −
=

= ∆ = =
π π+∫ ∫H H a a  

 
 

5.13  
2 2 2 22 ( )

zI b b c

a b a b c

 − = −
 + + − 

aH   

 
 
5.14 (a) s φ= ρωρJ as .  

(b) 
2 2 2 2

2 2 2 2

2 2
2 z

b d a d

b d a d

 ωρ + +
= − 

 + + 
H as  

(c) 
3

2 2 3/22 ( )
b

z a
d

d
ρ=

ρ=

ωρ ρ
= ρ

+ ρ∫H as  

 
 
5.15  증명 생략 
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암페어 법칙 
 
5.16 (a) 증명 생략  

 (b)  
2
o

x
J

=H a   ( 0z > ) 

        
2
o

x
J

= −H a   ( 0z < ) 

 
 
5.17  o xJ d=H a   ( z d> )   
 o xJ d= −H a   ( z d< − ) 
 o xJ z=H a   ( d z d− ≤ ≤ ) 
 
 
 
자기장, 자속밀도, 유일해 
 
5.18 (a) 자유 공간에서의 자기장일 수 있다. 

(b) 자유 공간에서는 자기장이 될 수 없다. 
  (c) 자유 공간에서는 자기장이 될 수 없다. 

(d) 자유 공간에서의 자기장일 수 있다. 
 
 

5.19 증명 생략 
 
 
5.20 증명 생략 
 
 
5.21  증명 생략, 0=H   
 
 
5.22  (a) 1 / 2 [A/m]I ρ= πρJ as  
      2 / 2 [A/m]zI a= − πJ as  
      3 / 2 [A/m]I ρ= − πρJ as  

 (b) 증명 생략 
 (c) 증명 생략 
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벡터 자기포텐셜 
 
5.23  

 

0 0
2 2

2 2
0

2 2

4 4 ( )

( ) ( )
   ln

4 ( ) ( )

z a
z z a

z

I d I dz

z z

z a z aI

z a z a

′=

′ ′=−

′ ′µ µ
= =

π π ′ρ + −

 + + ρ + +µ  =
π  − + ρ + − 

∫ ∫
lA a

a

C R
 

( ) ( )2 22 24
I a z a z

z a z a
φ

 
+ − = +

 πρ ρ + + ρ + −  

H a  

  
 

5.24  0 ln( / )
2z

I aµ
= ρ

π
A a  

 
 
5.25   

 0
1ln

2z
IA cµ

= − ρ +
π

 : 1c , a constant 

 or  

 0 ln
2 z

I aµ
=

π ρ
A a   : a, a constant. 

 
 
5.26   (a) 증명 생략 

 (b) 0
1
2

NI φ= µ ρA a   ( )aρ ≤  

        
2

0

2
NIa

φ
µ

=
ρ

A a   ( )aρ ≥  

 
 

5.27  (a) 1 0
1 ( ) sin
3

aRφ= µ ρ ω θA a s   ( R a≤ ) 

    
1 0

0

2 ( ) ( cos sin )
3
2    ( )
3

R

z

a

a

θ= µ ρ ω θ − θ

= µ ρ ω

B a a

a

s

s

 

     4
2 0 2

1 sin( )
3

a
Rφ

θ
= µ ρ ωA a s   ( R a≥ ) 
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     4
2 0 3

1 ( 2cos sin )( )
3

Ra
R

θθ + θ
= µ ρ ω

a aB s  

 
  (b), (c) 증명 생략 
 
 
 
자기화 및 투자율 
 
5.28  (a) 59.51 10 [A/m]×  

(b) 23 21.04 10 [A m ]−× ⋅  
 
 

5.29  051µ  
 
 

5.30 (a) 1 2

1 2

I
φ

µ µ
=

πρ µ + µ
B a  

       2

1 1 2

I
φ

µ
= =

µ πρ µ + µ
BH a  ( 0 < φ < π )   

       1

2 1 2

I
φ

µ
= =

µ πρ µ + µ
BH a  ( 2π < φ < π ) 

  
(b)  

1 2
1

0 1 2
1ms n z

I
a

 µ µ
= × = − µ π µ + µ 

J M a a                ( 0 < φ < π ) 

        2 1
1

0 1 2
1ms n z

I
a

 µ µ
= × = − µ π µ + µ 

J M a a                ( 2π < φ < π ). 

 
 (c)  증명 생략 
 
 
 
자기 경계면 조건 

5.31 ( )2
1 10 82 95
6 x y z= + +H a a a   

 
 

5.32  1
0

o
o y

B J
 

= − µ 
H a  and 1 0

0

o
o y

B J 
= µ − µ 

B a  



© 2025. Lee Yeon Ho & Hanbit Academy. All rights reserved. 
 
 

5.33 
2

I
φ

µ
=

πρ
B a  (inside) 

 0

2
I

φ
µ

=
πρ

B a  (outside) 

 
 

5.34   (a) ( )
2

2
2 1 1 1 1

0
cos sinB B B

 µ
= θ + θ µ 

 

21 1
2 1

2 0
tan tan tant

n

B
B

− −   µ
θ = = θ   µ   

 

 
 (b) 3 1B B= ,  3 1θ = θ   
     

 (c) ( )2 1
1 1

0 0 0
1 1 sinms n z x

B   µ µ
= × = − × − = − − θ   µ µ µ µ   

BJ M a a a   

      ( )2 1
2 1

0 0 0
1 1 sinms n z x

B   µ µ
= × = − × = − θ   µ µ µ µ   

BJ M a a a                                

 
 
 
유도용량과 자기 에너지 

5.35 
2

ln   [H]
2

N h bL
I a
Λ µ

= =
π

 

 
 

5.36 ( )
2

1 2 ln
4

N h bL
I a
Λ

= = µ + µ
π

,  1 2L L L= + .  

 
 

5.37  (a) 1
2mW d= ∫ B H

V
vg  

1 2 2

1 2
( ) ln

2
h bNI

a
µ µ

=
π µ + µ

 

 (b)  

       1 2 2
2

1 2

2 lnmW h bL N
aI

µ µ
= =

π µ + µ
 

 
 
 



© 2025. Lee Yeon Ho & Hanbit Academy. All rights reserved. 
 
 

5.38    (a) 1 1 zNI= µ = µB H a  ( aρ < ) 
      2 2 zNI= µ = µB H a  ( a b< ρ < ) 

 (b) 2 2 2 2 2
1 22

2 ( )mWL N a N b a
I

= = µ π + µ π −  

 (c) 2 2 2 2 2
1 2 ( )L N a N b a

I
Λ

= = µ π + µ π −   

 
 

5.39 1 2
1 ln ln

2
b cL
a b

 = µ + µ π  
 

 
 
5.40 증명 생략 
 
 

5.41    (a) 
2
m

ma
WW =  

 (b) 2mb mW W=  
 (c) 4mc mW W=  
 
 
5.42  16.4 [nH/m] , 50 [nH/m]  
 
 

5.43   (a)  
( )

2
1 2

1 2
ln

2m
I bW

a
µ µ

=
π µ + µ

 

(b)  
( )

1 2
2

1 2

2 lnmW bL
aI

µ µ
= =

π µ + µ
 

 
 
자기력 및 토크 

5.44    (a) 0 1 2 0 1 2

2 2 ( )m
cI I cI I

a a bρ ρ
µ µ

= −
π π +

F a a  

(b) 0 1 2 ln
2m
I I b a b

a a ρ
µ + = − π  

F a  

 

5.45 
2 2 2 2

02
m

m m z z
dW N I aW
dz

µ π
= −∇ = − = −

µ
F a a  
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5.46 (a) 
4

0 1 2
2 2 4

36
( ) 2m z z

ab a I IA
a b b

πµ
= − π ≈ −

+
F a a  

 (b) 
4

0
1 2 4

3
2m z

aI I
b

πµ
=F a  

 

5.47 2 2
2

1 2
2 xB I a Ia = − π + 

 
T a  

 
 

5.48 44
3z a= ρ ωπm a s  

 
 
5.49 2 2

z o x o yNI a B B NI a= × = π × = π∑T m B a a a   
 
 

5.50 ( )
2

0
2

3 2
128

o
x y

mµ
= − +

π
T a a  

 
 

5.51 23
4x oa IB= × = −T m B a . 
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Chapter 06 연습문제 답안 

패러데이 법칙 

6.1 2/o oB V a= −

6.2 

1-2
2 cos( )oabB tω

= ω
π

v

1-2 2 cos( )oabB t
R R

ω
= = ω

π
vi

6.3 (a) ( )0
3 2cos sin cos( )

4
o

R
m t
R θ

µ
= θ + θ ω

π
a aB  

0
2

sin cos( )
4

om t
Rφ

µ θ
= ω

π
aA

 (b)   
2

0
2 2 3/2 sin( )

2 ( )
od m aemf t

dt a d
µ ω

= − = ω
+

Φ

6.4 (a) cos( )m o o od ab B t= = − ω ω∫ lv gE

(b) cos( )o o o
d ab B t
dt

= − = − ω ωv Φ  

6.5 증명 생략 

6.6 (a) o o ox Bv . 
(b) el o o oP I x B= v .
(c) m o o yIx B=F a .
(d) m m o o oP I x B= =F g vv .
(e) el mP P= .

6.7 (a) 0 1 1 1
2

oI hemf
a b

µ  = − π  

v
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 (b) 0 1 1 1
2

oemf I h
R R a b

µ  = = − π  
i v   

 (c) 0 1
. .

1 1
2m m l m r
I h

a b ρ
µ  = + = − − π  

F F F ai  

 (d) 0 1 1 1
2m m o o
I hP

a bρ
µ  = − = − π  

F a igv v  

 (e) 0 1 1 1
2el o
I hP emf

a b
µ  = × = − π  

i i v  

 
 

6.8  2
1-2

1
2 o oB a= ωv  

 
 
6.9   (a) 2 sin( ).oemf B t= πρ ω ω  

  (b) 4 2 21
16 oP a B h= π ω σ  

 
 
 
변위 전류 
  
6.10   (a) cos( )z

c o xE e t kz−α= σ = σ ω −aJ E  

 (b) ( ) sin( )z
d o xE e t kz

t
−α∂

= ε = −ωε ω −
∂

aJ E  

 (c)  c

d

σ
=

ωε
J
J

 

 
 
6.11 81.04 10≅ ×  
 
 

6.12 (a) 
( )
2 sin( )

ln /c o
dC V t
dt b a

πε
= = − ω ω

vi l   

 (b) 
( )

22 sin( )
ln /

o
d D

VJ t
b a

π εω
= πρ = − ωi ll  
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6.13 (a)  2
/1o

s
t RCCV e

a
− = − π

ρ

(b)   2 2
/

2
o t RCV e
R a φ

−ρ
= −

π
aH

(c)    
2

2
/( ) 1

2
o t RC

s
V e

Ra ρ
− ρ

ρ = −  πρ 
aJ

(d)  
 1  2

 2 2
/

( ) ( )

2
o

s

t RC

dl dl J dl
V e

R a

φ φ

φ
−

− + =

ρ
= −

π

a a

a

g gH H

H

(e) (b),(d)와 동일하다.

맥스웰 방정식 

6.14 증명 생략 

6.15 증명 생략 

6.16  (a) 0 t
∂

∇× = −µ
∂
HE  (1)

t
∂

∇× = ε
∂
EH (2) 

      0∇ =gE  (3) 0∇ =gH (4) 

(b)  ( )2 1
0

cos( )x y
kE E t kz= − + ω −

µ ω
a aH  

(c) 0k = ±ω µ ε

6.17 
2 2

0 02 2
x x

z t
∂ ∂

= µ ε
∂ ∂
E E

전자기 경계면 조건 

6.18  증명 생략 



© 2025. Lee Yeon Ho & Hanbit Academy. All rights reserved. 

6.19    (a) 1 2/ 1E E = −  
(b) 

( ) ( )

( ) ( )

1
0

1
0

1 cos

1 cos .

z y y z y z

z y y z y z

k k E t k y k z

k k E t k y k z

= − ω − −
µ ω

+ + ω − +
µ ω

a a

a a

(c) ( ) ( )1
0

2 cosz x ys k E t k y= − ω −
µ ω

aJ

6.20  (a) ( )sin /x oA t z c= ω ω −  aE

(b)  ( )sin /x oA t z c= ω ω −  aE .

6.21 증명 생략 

EE 

EE 

HH
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Chapter 07 연습문제 답안 
 
1차원 파 
 
7.1 ①, ③ 
 
 
조화파 
 
7.2      (a) 2 [cm]e . 
 (b) 100 [m]λ =  
 (c) 50 [Hz]=f  
 (d) 5000 [m/s]  
 (e)  +z-direction. 
 
7.3 ( )5cos 0.1 1.5 1.1 [V/m]x tψ = π − π + π . 
 
 
7.4 (a) 0.4A 0.5A − π′ = − j

o oe   

 (b) 1.4 0.4 1.4 1.373
1( ) A 0.5A 0.97A− π − π+ πψ = − =j j j j

T o o ox e e e  

        0.4 2.629
2( ) A 0.5A 0.97A− π − π+ π −ψ = − =j j j j

T o o ox e e e  
 (c)  4.00 radians 
 
 

7.5 2A
A

−= Γr j ka

o
e  and ( )A

A
′−= τt j k k a

o
e  

 
7.6  

 
1 2 3 3

0.8
3 3

A A A A
1              A 1 A (0.730 0.196)
3

je j− π

′+ = +

 = + = −  

   

 
1 2 3 3

0.8
3 3

A A 2A 2A
1                2A 1 A (2.539 0.392)
3

je j− π

′− + = − +

 = − − = − +  

  

 
 2 3A A (0.905 0.294)j= − +    
 1 3A A (1.635 0.098)j= +    → 3 1A A (0.609 0.037)j= −    
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 4 1A A (0.629 0.518)j= −   
 
 3 1A A ( 0.172 0.110)j′ = − −   
  
 2 1A A ( 0.562 0.146)j= − −   
 
 

7.7 (a) 2 [rad/s]
2
π

ω = = π   

 (b) 0.1 [rad/m]
p

k ω
= = π

v
  

 (c) 5cos(0.1 0.8 ) [V/m]x tψ = π − π + π  
 
 
7.8 0.02 (3 4 2 )x y z= π× + +k a a a  
 
 
 
평면파 
7.9 (a)  20 [m/s]p = πv  
 (b) , 24 [m/s]p x = πv  
 
 

7.10    (a) [m]
15
π

λ =  

 (b) 0.2 [m]x∆ = π . 
 
 

7.11 (a) ( ) ( )2 2 1 2 3 3 2 2 3 3
0.25 4

π π
= = + + = + +

λ πk x y z x y zk a a a a a a a  

 (b) ( ) 12 2 3 3 2
2

= + + =g gx y z xk r a a a a  

 
 

7.12   (a) ( )1 2 3 3
4

= − + +k x y za a a a  

 (b) 1.5 7.5 [m/s]
0.2

v = =p  

 
 
7.13 3.5 [m]  
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7.14  증명 생략 

전자기 평면파 

7.15 (a) 예 
(b) 아니오
(c) 아니오
(d) 아니오
(e) 예
(f) 아니오

(g) 예

7.16 ①~④

7.17 (a)  91.5 10 [rad/s]ω = = ×ck .
(b) 12 9 10= − +o x y zE a a a

7.18  (a)  ( ) ( )6 14Re 3 4 cos 10 3 10i t
x ye z t− ω = = + − × E a aE

(b) ( ) ( )6 141 4 3 cos 10 3 10
377 x y z t= − + − ×a aH

7.19 (a)  122 2 3 10 [rad/s]ω = π = π = ×
λ
cf

(b) ( ) ( )4 12 4 125 cos 10 3 10 0.31 cos 10 3 10 0.8x yz t z t= − × + + − × −a aE .

( )

( )

4 12

4 12

5 cos 10 3 10 0.31
120

1 cos 10 3 10 0.8
120

y

x

z t

z t

= − × +
π

− − × −
π

a

a

H

7.20  72 cos 2 10 0.13 0.17 1.02z t x y = π× − − + aE

HH

HH

EE 

EE 

EE 
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7.21  ( )920 cos 24 18 9 10  [V/m]z x y t= + − ×aE

( )( ) ( )91/ 90 9 12 cos 24 18 9 10  [A/m]x y x y t= π − + − ×a aHHH

EE 
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Chapter 08 연습문제 답안 
 
균질 매질에서의 균일 평면파 
 

8.1      (a)  /2o z j z j
y

o

E e e−α − β − π=
η

H a%  

 (b) ( ) /4
/4

1 oz j z j z j z j
y o yj

oo

EE e e e e
e

−α β + π −α β + π
− π= − =

ηη
H a a%  

 (c)  
2 2

o ojkz jkz
x x

o o

E Ee e−= −
η η

H a a%  

 (d) ( 2 ) −= −
η

%

o jkx
z y

o

E eH a a  

 (e)  2
2 1 1 1

0 0

1 sin( ) cos( )o jk y
x y

E k k x jk k x e
j

− = − ∇× = − ωµ ωµ
H E a a% %   

 
 

8.2  8(4.01 3.47 )cos 4.7 10 ( 3 2 3 )
8x y t x y zπ = − × ± + + + ϕ  

a aE  

 
 

8.3      (a) 
8

8
2 2 10 60 32.4 [rad/m]

3 10r rc
ω π× ×

β = µ ε = =
×

 

 (b)  2 2 19.4 [cm]
32.4

π π
λ = = =

β
 

 (c) 
8

73 10 3.87 10 [m/s]
60

p
r r

c ×
= = = ×

µ ε
v  

 (d) 0

0

5377 243.4 [ ]
12

µ µ
η = = = Ω

ε ε
r

r
 

 
 
8.4  
(a)  3 4y z= +k a a . 

(b) 2 [m]
5
π

λ =  

(c) 91.5 10 [rad/s]×  

(d)  ( ) ( )3 3 41 10 12.73 9.55 j y j z
k y z

o
e− − −= × = −

η
H a E a a% %  
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8.5 1.37 0.20 20(24.32 14.59 ) [KV/m]j j j x
y ze e e− −= −E a a%  

8.6 (a)     313.0 [ ]Ω
(b) 3.83
(c) 2.64

8.7 증명 생략

8.8 증명 생략 

포인팅 벡터 

8.9    (a)
2

21
2 2

o z
z

o

E e− α=
η

S a

(b) 
2

21
2 2

o z
z

o

E e− α= −
η

S a

(c) 0=S

(d) 
25

2
o

x
o

E
=

η
S a

(e) 
2

2
2 1sin ( )

2
o

y
o

E k k x=
ωµ

S a

8.10 (a)  6.25  
(b) 48π

(c) 21 [W/m ]
24 z=

π
S a

(d) 1 [W]
24

8.11 (a) 
2 2

3
(4 2 ) 326.8 [ ]

2 30.6 10−

+
η = = Ω

× ×
 

(b) 1.20rµ =
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 (c)  151 (4 2 ) [A/m]
326.8

j x
y zj e= +H a a%  

 
 

8.12 
8

83 10 1.73 10 [m/s]
3

p
×

= = ×v   

 
 
8.13 490 [V/m]E =  
 
 
8.14 증명 생략  
 
 
 
전자기파의 편광 
 
8.15 (a) k z= −a a . Therefore, it propagates in the −z-direction. 
 (b)  파동이 –z-방향으로 전파될 때 오른손 원형 편광파가 나타난다. 
 
 

8.16 ( ) ( )
2 2

o oj j jkz
x y x y

E Ee j e j eθ − θ − = − + +  
E a a a a%  

 
 
8.17 설명 생략 
 
 
8.18 설명 생략 
 
 
8.19 설명 생략 
 
 
8.20 0.927(3 2 )j jkz

x ye e− −= +E a a%   
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감폭 손실의 유전체 

8.21 (a) 점 2p  에서  E 의 진폭은 점 1p 에서의 진폭에 비해 46.82 10−×  배

감소한다. 

(b) 점 2p  에서의  E 위상은 시공간에서 1p 에서의 위상보다 0.23 [rad]
만큼 뒤처진다.

8.22 8.20r′ε = , tan 0.27r r′′ ′ε = ε ξ =
0.017 0.1 60.018 j z j z

ye e e− − −=H a  

8.23 3 4 0.6441 (10 5 )
125.67

z j z j
y xj e− − −= −H a a%

8.24 sec 1
1.73

sec 1
ξ +β

= =
α ξ −

8.25 (a) 0.2 0.126
1.8

≠

(b) sec 19.8 0.98,  and 0.980
10 sec 1

ξ −α
= = =

β ξ +

8.26 0.05 8( , ) 410.1 cos(2 10 3.33 0.30)z
xz t e t z−= π× − −a

8.27 
0.44

0.22cos(0.44)377 231.0
2.41

j
je eη = =

EE 

EE 

EE 



© 2025. Lee Yeon Ho & Hanbit Academy. All rights reserved. 
 
 

저 전도도의 유전체 
 
8.28 (a)  [ ]1 3.14 rad/mβ = ,  [ ]2 140.4 rad/mβ =  
 (b) 1 2.0 [m]λ = ,  2 4.5 [cm]λ =  

 (c) 8
1 1 2.0 10 [m/s]p f= λ = ×v ,  6

2 2 4.5 10 [m/s]p f= λ = ×v  
 
 
8.29 (a)  0.71946.71 [ ]jeη = Ω  
 (b)  2.0rε =  
 (c)  0.20 [S/m]σ =  
 (d) 12.84 [Np/m]α =  
 (e)  14.66 [rad/m]β =  
 
 
8.30 (a) tan 1.44ξ =  
 (b) 2.5rε =  

 (c) 0.48(cos ) 180.1r j j
o

r
e eξµ

η = η ξ =
ε

 

 
 
8.31 (a) 4tan 1.75 10ξ = ×  
 (b) 72.9 [S/m]σ =  
 
 
8.32    (a) ( ) 0.42202.7 z

z e−=S a    

 (b) 3
0.5

69.0 [W/m ]
z=

−∇ =Sg  

 (c)   (b)와 같음 
 
 
 
양도체 
 
8.33 (a) [ ]54.98 10 S/mσ = × . 

 (b) ( )15.4 1 [m ]jη = + Ω  
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8.34 (a)  15.9 [ m]δ = µ

(b) 410 [m/s]p =v

(c) 6.29(1 ) [m ]jη = + Ω

8.35 43.1 10 [S/m]σ = ×  

8.36 6.2 [GHz]f =  

8.37 71.56 10 [S/m]σ = ×  

8.38 26.3 [ ]acR = Ω  

8.39 증명 생략 

8.40 증명 생략 

수직 입사 

8.41 (a) 0.2Γ = −
(b) 1.5S =

(c) 2 0.04Γ =

(d)   15 72 cos(3 10 10 )r
x t z= − × +aE  

15 78 cos(3 10 1.5 10 )t
x t z= × − ×aE  

8.42 0.518202.4 jeη = . 

8.43 (a) 2

1
3 2 2 5.83 or 1/ 5.83η

= ± =
η

 (b)  
1 2 1 5.83
1 2 1

S
+ Γ +

= = =
− Γ −

EE 

EE 
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8.44 증명 생략 
 
 
8.45 (a)  0.6Γ = −   
 (b) 1 0.4τ = Γ + =  
 (c)  2 0.25 oη = η  

 (d) 23.2 [W/m ]t =S  

 
 
8.46 (a)    4 2.550.852r j z j

xe +=E a%  

          4.0 6.93 0.351.374t z j z j
xe− − +=E a%  

(b)     Ignoring floating-point errors, i r t= +S S S .  
 
 

8.47 2 2

2 1

1 1Re / Re 1   
Γ + τ =   η η   

 

 
 
8.48    (a)  0.968Γ = . 

 (b)  21 0.063− Γ =    
 
 
8.49 1 0.14T R= − =  
 
 
8.50 0.64 1.2 0.77 [W]P = × =  
 
 
8.51 증명 생략 
 
 
8.52 (a) 증명 생략 

 (b) 
2 2

12

1

1
S

+ Γ η
= =

η− Γ
 

 
 

8.53     0.360.040
t
o j
i
o

E e
E

−=  
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경사 입사 
 
8.54    (a) 증명 생략 

 (b) [ ]1 2 1 1 2 2cos ( ) tan ( tan tan ) cost i td p p t t t t′ ′′= θ = + θ − θ + θ θ  
 
 

8.55 (a) 11 1

2

1sin sin sin sin 33.69 25.26
1.3

o o
t i

n
n

− −   θ = θ = =   
  

. 

 (b) 2 /i = π λk  and 2 /t n= π λk . 
 (c) 0.171⊥Γ = −  , 0.829⊥τ =  

 (d) ( )10 1551.30 j x zr
ye− −=E a%  

      ( )10 21.2248.7 j x zt
ye− += −E a%  

 
 

8.56 (a) 11 1

2

1sin sin sin sin 36.87 27.49
1.3

o o
t i

n
n

− −   θ = θ = =   
  

 

 (b) ( )2 29 12 sin 36.87 cos36.87 9 12o o
r x z x z= + − = −k a a a a   

       ( )2 21.30 9 12 sin 27.49 cos 27.49 9 17.30o o
t x z x z= + + = +k a a a a  

 (c) 4 3
5 5

r
x z= − −a a a

P

 

        17.30 9
19.5 19.5

t
x z= − +a a a

P

 

 (d) 0.0793Γ = −
P

 ,  0.830τ =
P

 

 (e)  ( ) ( )9 12 9 124 3500( ) (31.72 23.79 )
5 5

j x z j x zr
x z x ze e− − − −= Γ − − = +E a a a a

P

%  

       ( )9 17.30( 368.18 191.54 ) j x zt
x z e− += − +E a a%  

 
 
8.57  ( ) ( )4 8 6 4 8 6(1.2 2.4 4 ) (0.8 0.4 )j x y z j x y zi

x y z x ye e− + + − + += + − + −E a a a a a%  
 
 
8.58 ( ) ( )4 8 6 4 8 6( 1.2 2.4 4 ) ( 0.8 0.4 )j x y z j x y zr

x y z x ye e− + − − + −= − − − + − +E a a a a a%  
 

8.59 (a) ( ) ( )10 201 0.40
i

j x zi i
k y

o
e− += × =

η
H a E a% %  
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        ( )10 202 1 150
5 5

j x zr
x z e− − 

= − + 
 

E a a%  

        ( )10 200.40 j x zr
y e− −=H a%  

 
 (b) 10( 0) ( 0) ( 0) 134.2 [V/m]i r j x

zz z z e−= = = + = = −E E E a% % %  

       10( 0) ( 0) ( 0) 0.80 [A/m]i r j x
yz z z e−= = = + = =H H H a% % %  

 (c)  ( ) 10 100.80 0.80 [A/m]j x j x
s n z y xe e− −= × = − × =J a H a a a% %   

 
 

8.60 (a) ( ) ( )3 33 13 7
2 2

j x z j x zi i i
y x ze e− + − +

⊥
 

= + = + −  
 

E E E a a a
P

% % %  

 (b)  ( ) ( 3 )0.37 0.72 0.21r r r j x z
x y z e− −

⊥= + = − + +E E E a a a
P

% % %  
 
 
8.61 (a) 56.66o

Bθ =   
 (b) 0.40⊥Γ = −  
 
 
8.62 (a) sin 34.4 cos34.4 0.56 0.83

t
o o

k x z x z= + = +a a a a a   
 (b) 0.56 0.83i iy k x zE = × = −a a a a a  
       0.83 0.56t ty k x zE = × = −a a a a a  
  
 
8.63 설명 생략 
 
 
8.64 증명 생략 
 
 
 
전반사  
 
8.65 90 5.87o o

i− ≤ θ ≤  
 
 
8.66 증명 생략 
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8.67 (a) e e
t
ot z j x

z
o

E e e−α − β=
η

H a%  

 (b)   증명 생략 
 
 

8.68     (a) 
0

2
p

ω
=

µ σ
v  

(b) 
0

8
g

ω
=

µ σ
v
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Chapter 09 연습문제 답안 
 
전송선로 파라미터 
 
9.1 (a) 114.4 [pF/m]C =  
       0.22 [ H/m]L = µ  
       0.88 [ / m]R = Ω  
       17.2 [μS/m]G =   
 
 (b) 10.01 31.5 [m ]j −γ = +  
       0.01[Np/m]α =  and 31.5 [rad/m]β =   
       43.9 0.013 [ ]oZ j= − Ω  
 
 
9.2 0.16 [μH/m]L =  
 0.8 [mS/m]G =   
 0.33 [ /m]R = Ω  
 
 
9.3 31.33 10 [Np/m]−α = ×  
 
 
9.4  1.8 [mm]a =  
 
 
9.5 275 [ ]oZ = Ω   
 188 [ ]oZ ′ = Ω  

 275 188 100 32%
275

−
× =   

 LCβ = ω = ω µε  
 
 

9.6  (a) 1

2
1.17α

=
α

 

  (b) 1

2
1.05α

=
α
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9.7 
0.032 44.6j

j
γ = +

≡ α + β

19.7 j0.0036 [ ]oZ = − Ω  

9.8 1.26 [ H/m]L = µ , 223 [pF/m]C =  

9.9 62.1 10R
L

= × ,  62.1 10G
C

= ×

9.10 185 [pF/m]C =  
167 [nH/m]L =
1.41[ /m]R = Ω  

1.56 [mS/m]G =  

9.11 1.66rε = . 
57.22 10 [S]−σ = × . 

9.12  증명 생략 

9.13 (a)  cos( )
2
oI

t kzφ= ω −
πρ
a

 

0

0
cos( )

2
oI

t kzρµ
= ω −

ε πρ
a

(b)  0

0
ln( / ) cos( )

2
oI b a t kzµ

= ω −
ε π

v

(c) o
o

o

V Z
I

=

EE 

HH
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반사계수 

9.14 3 1 0.5
3 1

−
Γ = =

+
  

 
 
9.15 1.60.46 je πΓ =  
 
 
9.16 0.330.2 je− πΓ =   
 
 
9.17 0.860.11 je πΓ =   
 
 
9.18 984 [MHz]f =  
 
 

9.19  (a) 2.060.23L o j

L o

Z Z e
Z Z

−−
Γ = =

+
 

 (b)  

( )max
1 2.06 2

2 4.19
      0.50 [m],  1.25 [m],  2.00 [m],  ...

m= − + π
×

=

′l
 

 
 

9.20  (a) 0.580.70L o j

L o

Z Z e
Z Z

−
Γ = =

+
 

  (b) ( ) 1.2 0.58 2.410 1 0.70j z j jV z e e e− π − π ′ = + 
%

l  

 (c)  0.58 7.7 [cm]
2.4

= =
π

′l  

 
 
9.21 (a) 0.60.524 0.162 0.498je jπΓ = = − +   
 (b) 90.8 124.6 [ ]LZ j= + Ω   
 
 
9.22 100 [ ]oR = Ω . 
 
 
9.23 0.8 0.92( ) (19.46 39.68) 1 (0.12 0.16) 44.94 [V]j jV z j j e e− π = + + + = 

%  
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9.24 (a)  1.5711( ) 1000 [A]jI e−=% l   

 (b) 1.571( ) 1.0 [A]jI e−=% l  

   
 
 
입력 임피던스 

9.25  153.86 87.25 [ ]inZ j= + Ω  

 
9.26 35.4 42.7 [ ]LZ j= + Ω   
 
 

9.27 ( ) 0.15
4
λ

= π + φ = λ
π

′l  

 
9.28 ( ) 422.4 76.4 [ ]inZ j= + Ω′l  
 
 
9.29 (a)  0.076= λ′l   
 (b)  ( 1 1.155)inz j= +′l .  
 
 

9.30 142.5 36.4 [ ]inZ j= − Ω  

 
 
9.31 (a) 40 30 [ ]inZ j= − Ω   

 (b) 0.1811.18 [V]j
inV e−=%  

 (c) 0.20 0.099 [A]LI j= − −%  
 
 

9.32  2
1 1/ 3 2
1 1/ 3

S +
= =

−
, 1

1 0.40 2.33
1 0.40

S +
= =

−
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임피던스 매칭 

9.33 14.6 [cm]
4
λ

=  

 

9.34  1
1

2
oRR

+ Γ
=

Γ
 

 
 
9.35  1 122.4 [ ]R = Ω ,   1 0.11= λl  
 
 
 
닫힌 선로 및 열린 선로 
 
9.36 3.6 [cm] =l   
 
 

9.37 (a) ( 68.8)( 36.3) 50.0 [ ]o s
o in inR Z Z j j= = − = Ω  

 (b) 2.25rε =  
 
 

9.38  1 4
d λ

= . 

 
 
전력 전달 
 
9.39 (a)  0.300 0.076inI j= +%   

8.981 1.515in in inV Z I j= = −% %  

 (b) 6.389 14.735LV j= − +%  

      0.064 0.147L
L

L

VI j
Z

= = − +
%

%  

  (c)  1.29 [W]in =P  

  (d)  1.29 [W]L =P  

 (e)  2.25 [W]t =P  
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9.40 (a) *
1

1 1Re 1.30 [W]
2 o o

o
V V

Z
+ + 

= = 
 

P  

 (b)  *
2

1 1Re 1.18 [W]
2 L L

L
V V

Z
 

= = 
 

P % %  

 (c) *
3

1 Re 0.12 [W]
2

o
o

o

VV
Z

−
− 

= = 
 

P  

 
 
9.41 (a) 20 15 [ ]in LZ Z j= = − Ω  
 (b) 0.63 [W]in =P  
 
 
9.42 (a) 320 [mW]=P  
 (b) 24.6 20.5AZ j= −   

      156 [mW]L =P  
 
 
9.43  25%  
 
 
9.44 ( )24 1 3.2 [W]′− Γ =  

 
  
9.45 (a) ( ) 22 ( ) 0.5 2

2 2 21 1 0.2j z j z j z j j z
o oV z V e e V e e e′ ′ ′ ′+ − β − β − + − π − π π   = + Γ = +  

l  

        ( ) 12 ( ) 2.668 2
1 1 11 1 0.388j z j z j z j j z

o oV z V e e V e e e+ − β − β − + − π − π   ′= + Γ = +  
l  

  (b) 0.92 [W]L =P  

  (c) (b)와 동일함 

스미스 차트 
 

9.46 1 1tan tan
1 1

x x
r r

− −′ ′   φ = −   ′ ′− +   
 

 
9.47  (a)  2.100.41 jeΓ =    
 (b)  2.4S =  
 (c)  144 136 [ ]inZ j= − Ω  
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9.48    (a) (0.25 0.071) 4 2.250.60 0.60j je e− × πΓ = =  
 (b)  4S = . 
 (c)  첫 번째 전압 최대값은 부하에서 발생한다. 
 (d)  35 60 [ ]inZ j= − Ω  
 (e)  7.2 12.5 [mS]inY j= +  
 
 
9.49 120 114 [ ]LZ j= + Ω .  
 
 
9.50  0.42 150 63 [ ]LR = × = Ω .  
 
 
9.51 1.25 0.75inz j= − . 
 
 
9.52 120 (1.4 1.3) 168 156 [ ]inZ j j= × + = + Ω  
 
 
9.53  (a) 15 27.5 [ ]LZ j= + Ω  

 (b) 2.070.63 jeΓ =  
 
 
9.54 ( )200 1.6 1.8 320 360 [ ]LZ j j= × − = − Ω  
 
 
9.55  120 1.15 138 [ ]inz j j= − × = − Ω   
 
9.56    (a) 120 1.5 180 [ ]s

inZ j j= × = Ω   

 (b)  120 ( 1.5) 180 [ ]s
inZ j j= × − = − Ω   

 
 
9.57 증명 생략 
 
 

9.58 1 ln 0.5 0.35
2

a = − =  ,  ( )1 0.968 1.09
2

b = π − =  

 
 
9.59 50 (0.4 0.3) 20 15 [ ]LZ j j= × + = + Ω   
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9.60  100(0.4 1.7) 40 170 [ ]LZ j j= + = + Ω   
  
 
9.61 (a)  0.6 0.8iny j= − .,  (b) 1.70 0.94iny j= + . 
 
 
 9.62 310 10 (0.26 0.18) 2.6 1.8 [mS]inY j j−= × × + = +   
 
 
 9.63 (a) 1 0.401= λl  
 (b) 1 200 [ ]R = Ω  
 (c) 2 0.081= λl  
 
 
9.64 100 (0.8 0.6) 80 60 [ ]inZ j j= × − = − Ω . 
  
 
9.65 (a) 0.148λ .  
 (b) (0.408 0.25) 0.158d = − λ = λ   
 
 
9.66 (a) 0.0935d = λ . 
 (b)  0.396= λ′l . 
 
 
9.67 70 122 [ ]LZ j= − Ω .  
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Chapter 10 연습문제 답안 
 
Herizian 쌍극자 
 
10.1 rad 0.16 [W]P =  
 rad 0.08 [ ]R = Ω  
  
 
10.2 max 42.4 [mV/m]E =  

 2
max

0.24 [kW/sr]R =S  
 
 

10.3 b.w

rad

13 2
3 88.4%

4
P
P

 − 2 = =  

  
 
10.4 증명 생략 
 
 
10.5 증명 생략 
 
 
10.6 (a) 37.4%ζ =  
 (b)  0.56 2.5 [dB]pG D= ζ = = −   
 
 
 
안테나 특성 
 

10.7 (a) 
2

2

rad

( , ) 30sin cos( , ) 4 (1.5 )sin cos
/ 4 80d

UG
P

θ φ θ φ
θ φ = = π = π θ φ

π
  

 (b)  
/2 3

/2 0
sin cos 2.67 [sr]d d

π π

φ=−π θ=
Ω = θ φ θ φ =∫ ∫  

 (c) 120o  , 90o .  
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10.8 rad
6 62

max

72 1.2 [sr]
60 10 10p

P
R −Ω = = =

× ×S
  (1) 

 
2

max max

rad rad

( , )
/ 4 / 4

RUD
P P

θ φ
= =

π π

S
  (2) 

 4 4 10.5
1.2p

D π π
= = =

Ω
 

 
 
10.9 5.99 7.78 [dB]pG D= ζ = =  
 
 
10.10 증명 생략 
 
 
 
선형 안테나 
 
10.11 11.4 [A]oI =   
 
 
10.12 00 , 70.5 , 109.5 , 180o o oθ = .  
 
 
10.13 47.8o .  
 
 
10.14 rad 39.5 [m ]R = Ω  

81.1%ζ =  
 
 
10.15 0.55 [A]oI =   
 
 

10.16  
22

2( , ) sin [W/sr]
2 4
o ok I SU

 η
θ φ = θ π 

 

 2

rad

( , ) 3( , ) sin
/ 4 2d

UG
P

θ φ
θ φ = = θ

π
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10.17   (a) n
max

4.1[mV/m]Eφ =%  

  (b) rad 4.74 [ W]P = µ  
 
 
10.18 (a) rad 30.8 [ ]R = Ω  
  (b) rad 15.4 [W]P =  
  (c)  98.6%ζ =  
 
 
 
반파 쌍극자 
 
10.19 (a) rad 146 [W]P =  

 (b) max 12.0 [mV/m]E =  
 
 
10.20 3 2

rad 9.87 10 [W]oP I−= ×   

 2
rad 36.6 [W]oP I=  

 
 

10.21 sin sin               ,  speed of light in free space.o
o

k II kz j kz c
j c

ρ = = −
ω

 

 
 
 
안테나 배열 
 

10.22 (a) ( )( , ) 2cos 2cos cos /2
2

A ψ θ φ = = π φ + ξ 
 

 

 (b) 105.4oξ =  
 
 
10.23 0 to 60o .  
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10.24  

 

 
 
 

10.25 2
3

d = λ  and 4
3
π

ξ = −  

 
 

10.26 
2
π

ξ = − .  

  
  

10.27 (a) 
3

( /2, ) cos cos
2

A π θ = π φ = φ 
 

 

 (b) 35o . 
 (c) 26.4o . 
 
 

10.28 1( , ) 2cos( sin cos ) 3cos( sin cos ) 3
8 2

A π
θ φ = π θ φ + θ φ +  

 
 

10.29 d n
N
λ

=   

 

10.30 
4

d λ
=  and 

4
π

ξ = −  

 
 

10.31 
12
π

ξ = −  and 
12

d λ
=   
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10.32 (a) 2
Nd

λ
∆φ =  

 (b)  0.84
Nd
λ

∆φ =  

 
 
 
실효면적과 프리스 전송공식 
 
10.33 21.68 [m ]eA =  
 
 
10.34 2( , ) 0.25 [m ]eA θ φ =  
 
 

10.35  (a) 
2

max( , ) 1.64
4eA λ

θ φ = ×
π

 

  (b) 
22 2

,max ,max
1.641.64

2 4 960
o o

L e
o

E EP A λ λ = = × × =  η π π 
S  

  (c) 증명 생략  
 
 

10.36 e
λ

=
π

l  

 
 

10.37 (a) 
22 2 11.5

2 4 640
o o

L
o

E EP λ λ = × × =  η π π 
   

 (b)  
2 2 2 2

oc
2

rad

1 1 1
8 8 64080

o o
L

V E d EP
R d

λ λ   = = =   ππ    

l
l

 

10.38 0.19 [mW]LP =  
 
 
10.39 rad 1.0 [kW]P =  
 
 
10.40 rad 0.44 [W]P =  
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10.41 (a) 220.0 [mW/m ]ti =S  

 (b)  15 0.02 0.3 [W]tiσ = × =S  

 (c)  19.1[pW]LP =   




