


 

 IRV 



)C(tsNqQ n  au

)A(suau 



 NqsNq

t

Q
I n

)A/m( 2
uJ Nq

)A/m( 2
u

)A( 
S

dI sJ 
D. K. Cheng, Field and Wave Electromagnetics, 2nd ed., Addison-Wesley, 1989. 



)(A/m2
i

iiiqN uJ 

(m/s)Eu e Eu
u

e
dt

d
m  

EJ ee )(A/m2
E

EJ  (S/m)hhee  

m)(
1




res



ElV  12

JSdI
S

  sJ

EJ 

l

V
E 12

S

I
J 

l

V

S

I 12

I
S

l
V 











12

)(
S

l
R


)S(

1

l

S

R
G 

21 RRRsr 
21//

111

RRR


D. K. Cheng, Field and Wave Electromagnetics, 2nd ed., Addison-Wesley, 1989. 

RI 



0 C dlE

0
1

 C dlJ


 



•

•

•

•

 Ei



D. K. Cheng, Field and Wave Electromagnetics, 2nd ed., Addison-Wesley, 1989. 



lElE ddi  
source the

Inside

1

2

1

2
V

lElElE ddd
C

 
source the

Inside

1

2

source the
Outside

2

1
lE d 

source the
Outside

2

1
V 2112 VVV 

)]()()[( rErErJ i 

RL

)(
)()(

r

J
rErE


 i

 
C

i dlEE )(

I
S

l

LL

L


 IRL

 
k

kk

i

IRiV



D. K. Cheng, Field and Wave Electromagnetics, 2nd ed., Addison-Wesley, 1989. 

LR

lE di  
1

2

 
C

dlJ
r)(

1



V
IRL V



0 sR

0



dsI
S
  J

dt

dQ
 

V
dv

dt

d


 




VV
dv

t
dv


J

)A/m( 3

t





J

0 J

 



0  sJ d
S

)A(0 
j

jI 

V 



0,0  E 

t





J

t





 E




 E

0



 





t

)(C/m3)/(

0

te  

(s)



 

(s)1052.1
1080.5

1085.8 19

7

12








 


