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0
*^_VW

! 

[C
2
" N

#1
"m

#2
]$��5*/ª�4�5K% 

! 

"
e

= " 
e
# $
0
! *+,«V

W#

! 

" 
e
$&7¡¢R*+,¬k35*:{I345#U6%!

! ! ! ! !

! 

P(x) = " 
e
#
0
E(x)                                     (18-2) 

*j34(13-18-1)$(13-16)/®¯2=<% 

! ! ! ! !

! 

D(x) " #
0
E(x) +P(x) = (#

0
+ $

e
)E(x)4                  (19-1) 

°�%(13-18-2)$(13-16)/®¯+,% 

        !  

! 

D(x) " #
0
E(x) +P(x) = (1+ $ 

e
)#
0
E(x)                    (19-2) 

*j345#��0 

! 

("
0

+ #
e
) = "

0
(1+ # 

e
)>±²#Q&�$³´µb3Q&R

! 

(")
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!"#$ 

! ! ! ! !

! 

" # "
0
+ $

e
= "

0
(1+ $ 

e
)                               (20) 

%&'()*+,

! 

"
e
-./#0123*41

! 

" 
e
-./#051%6&789:

;<=>,4?@#$+0+1AA!5BCDE8%&'()

! 

" 
e
-FG+H/$

IJKL8M%)

! 

(")-NO#PQ1

! 

"
r
# (" /"

0
)!RST3#UM%)-./#A

*VW/$XYZ1[\][^<_`#a&*b8

! 

"
r
# (" /"

0
)5, 23c31

! 

1.0005 

*

! 

79!"#*def#$a&8M%)5gh8M%)*JLi<j+/V1b

8M%)5gh8M%)8 79k!"#A*-lm$A8=m<noKL8M%

)5

! 

"
r
# (" /"

0
)  -./,pNf#$UM%)-qM%)r*d+,/#st4"

#8!uv-wf#$  (20)0xf#*1IJKL8UM%)

! 

("
r
)51 

! 

"
r
# (" /"

0
) = (1+ $ 

e
)*@y1BCDE8%&'()

! 

" 
e
*z{@|!}@V#$  

! (20)8~<RST3#M%)

! 

(")-./#* 

! ! ! ! ! ! !

! 

D(x) = "E(x)  ! ! ! ! ! ! ! ! ! ! !             (21) 

*;`#$gh!5

! 

"
e

= " 
e

= 0!"#0x1

! 

" = "
0
*@y1 

! ! ! ! ! ! !

! 

D(x) = "
0
E(x)  ! ! ! ! ! ! ! ! ! ! !             (22) 

!"#$�>,1gh�!41M%�!41%��� D -./,�~<pN!

�#$ 

  (17)��8%� Q51%���

! 

"(x)8����!�I!�#0x1 

          

! 

D(x) "n(x)dS
S

# =Q = $(x)
V

# d
3
x                        (23) 

!"#$��1���8���51��R�����8R��0x1 

! ! ! ! !

! 

D(x) "n(x)dS
S

# = divD(x)d
3
x

V

#  

��8����*@#8!1(23)8��51 

! ! ! ! !

! 

divD(x)d
3
x

V

" = #(x)
V

" d
3
x 

*@y1 

! ! ! ! ! !

! 

divD(x) = "(x)! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! (24) 

V��f#$A8(24)51gh<_`#��|8���8��1�5-4 (16) 1 

! ! ! ! ! !

! 

divE(x) = (1/"
0
)#(x)   $    div{"

0
E(x)} = #(x)  
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!"#$%&'()*+,-./01)2345,6789,624:;<'

4=;<>?@A(24),B./  

! 789>4CD?E.6FGH>IJKA2L6-4, 5,MN(O

! 

rot E = 0,B

1O/345>4CD?()62(13-11)>4=D?E.PA2789>CQ'

RSTFDUV(2

! 

rot E = 0  A345DW-)6UVE./X>YZ![\D

]^.'2_`>ab,B./4cdefDT.ghijkl'4C

m

! 

E = "grad #nAL6-8,MN(OTFDopqr./345A4cdef>s

Q5m4cdef>5tun,B.vq2X>ghijklm!nAtewxy

l!z-){],|24CA}Ab

! 

E = "grad #,opqr./~r�UVE.

~'A2R�D

! 

rot E = 0�UVE.~'!��()-./ 

! 01)2

! 

E = "grad #,B.~'vq2345DW�.g���i>��P6, 

 

! 

div grad" =# •#" =#2"  DTb2789>CQ'R�D2 

              

! 

"2# = $divE = $
1

%
divD = $

&

%
! ! ! ! ! ! ! ! !  ! (13-25)  

'�./78>34�

! 

"
0
�345>34�

! 

"D��.��,B./ 

! L7�2,A2����,ghijkl!=0�>����D�E.789,>g�

��i>��P>�(7-26)!�O/~>�,2 

! 

"
0
�

! 

"'(O6>A2R����

��,>345>g���i>��P>�,B./ 

! ! ! ! ! !  

! 

"(x) =
1

4#$

%(x')

x - x'
d
3
x'

V
&  

! 

E = "grad #,B.vq2 

! ! ! ! ! ! !

! 

E(x) =
1

4"#

(x - x')

x - x'
$(x')d3x'

V
%  

,Bb24= qD�zE.� F(x)A qE(x)'�./RS4=tu�789,�.

4C E�(x)�RG>4= qDop.� F�(x) qE�(x)'¡^.'2 

! ! ! ! ! ! ! ! ! ! F(x)/F�(x)=(

! 

"
0
/

! 

")=

! 

1/"
r
 

'�./¢p£2¤5>¥>¡34�

! 

"
r
# (" /"

0
)A¦§¦¨, 78.5,Bb2©>

ª«¬�®¯°,B.±²³´µ2yl¶i2wi·i>

! 

"
r
# (" /"

0
) 2.2~2.4

'¡^.'¸¦D¹|�º,B./¤5>¥D»¼E.¥µ½Q>¾�y¿%
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!"#$%&'()*+,$-./ F(x)/F0(x)1

! 

1/"
r
1(1/78.5)=0.012'2345

6789:;/<=>$-.$? 100 @$ 1 AB$C(2D$'2*+E:$

FGH",IJ8IGK*"4L)/FGH$567",>MNO;PQRS

T'23UVWK*L'XYZ[()*+ 

! \]^$_H$`Fa/bc8dB'eB$fgM

! 

" = "(#,T)Mh*+ij$

kl84Jm$,$n`Fa

! 

"
r
# (" /"

0
)/oeopM 78.5 'qrstuqR"4

eBiv8'D2Rwx8yzK*+,${|}~p8����T4P�M$e

BivP��*'4100�M 55.54200�M 34.64300�M 20.04350�M 12.9M

h*L'"�Y)tR*+L$��/p;" 5~6 kbar AB8�V()�-.M

Duq:/�rY2R+I�567$eB8����UV^P��*�8/4

n`Fa

! 

"
r
# (" /"

0
)$eB�W/��'2*���+�]^$_HM/4(13-21)$`

Fa

! 

(")/VgM/2:4`Fa�7�� 

! 

("ij = " ji)'2*+L)Y$��/LL

M/��2RL'8K*+ 

 

��`Fm$���  

!  ¡¢$`Fm"£K*���M$F-$£¤¥¦8§Rt��*+¨©$

kl8���8ª�«"¬S$R®¯P���© 13-4�4#$���8/<F

°/�±�2R'�t4(23)$²³´$µ¶P·¸K*+ 

! ! ! ! ! ! ! !

! 

D(x) "n(x)dS
S

# =Q = 0  

L$®¯$¹(/º»Mq*$M4¼½/4 

!                

! 

D
1
"n

1
#S $D

2
"n

2
#S = 0!  

®¯i�$¾¿µÀÁ!Â�P n'K*'4 

! ! ! ! ! ! ! ! !

! 

(D
1
"D

2
) #n = 0!                          ! (26) 

���$FNdBÁ!Â�$ÃÄÅ@/\�:4���MÆ¤Mh*+! ��

�8ÇÈ2$£ÉÅ@8§Rt/4© 13-5 8ÊKkl84���PË3ÌÍÎ

ÏRÐÑÀ CP��4 

! 

rot E = 0Mh*L'XY4L$À«@"0Mh*L'P

Òl. 
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! 

E(x)• dx
C

" = E
1
# t
1
$L + E

2
# t
2
$L = 0                  (27) 

!"#$ 

 

 

 

 

 

 

 

 

 

 

 

  (27)%&'

! 

(E2 "E1 ) # t = 0 ()#*+' 

! ! ! ! ! ! ! !

! 

E
1
" t = E

2
" t! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! (28) 

!"#$,-./01#23456789:;<=>()#?!@A#$ 

 

 

 

 

 

 

 

 

 

 

 

(26)4,-.(42BCDEFGH4IJ78@=>()#?!9'K2L!2

34MN!;O' 

! ! ! ! ! !

! 

"
1
E
1
#n = "

2
E
2
#n                                (29)                                

!1 

!2 

 

PS 

n1=n="n2 

n1 

n2 

Q 13-4. RS4K2T4,-./UV#W.XPS 4YZ[

\$].(4^_`6EFGH na!b.(4^_`6EFG

H nc9de@fg('n1=n="n2! ()#$ 

 

!1 

!2 

t1 

t2=t 
hi6 C 

Q 13-5. RS4K2T4,-./UV#jkPL

4lZhi6$].(4^_5mEFGH ta!b

.(4^_5mEFGH tc9de@fg('   

t=t2=" t1! ()#$ 

PL 
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!"#!$%& 

(28)'(29) ()*+,%-(*./012345"67-%& 

 

 

 

 

 

 

 

 

 

 

 

 

(28)89):;<=(>6-89) 

                

! 

E
1
sin"

1
= E

2
sin"

2
 

!,?)(29)(*+'@*A1B1CD<=(>6-89) 

              

! 

"
1
E
1
cos#

1
= "

2
E
2
cos#

2
                               

'E%&FG1>H5FI1>H!JKL) 

! ! ! ! ! ! !

! 

1

"
1

tan#
1

=
1

"
2

tan#
2
 

!,?) 

! ! ! ! ! ! !

! 

tan"
1

tan"
2

=
#
1

#
2

= constant! ! ! ! ! ! ! ! ! ! (30)                                

'E%M'NO%&PQ( E1 ' ER !STUN)D1' DR!ST7V(30)                                

NW9K%&@*A1XN23Y1Z[\][^1X_E`7-%& 

 

ab*./0'*cd;  

! *./0'*e_fg%B=h1ijk1l4(23),%-(m1n=h(24)()

opqrst1uv6U*cd;1STw5xy6)z9_{*e'(|8}~

!1 

!2 

� 13-6. I�1@*�1���_ST%*+12

3&23Y(�_���1l;891Y0'67

�%& 

"1 

"2 

E1 or D1 

E2 or D2 
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!"#$%&'(&)$*+,-&! ./012"#3456789:;<7

+=>?@AB+,8CDEFGH-&I$*CDEFGH8BJK.LM>N8

J./01MOPQ:2ARSTU7VTU7WXB+,8JY.LM4VZ

UB[\-,$O"#@*CDEFGHV2"#3]]^4_,`BJ./01M2

aS8BK.L>NY.L4a>6BJ.LM8b+>NRSTcJ./01M

2defg8B[\-,$J./01M2de^&hi&S$O"#$*j?

7Bklm2nop2qr(23)&BJ.LMA Q&)$O8BQd2J./0

1MAb+>NRSTU76$Ostc$*+2ulm(24)8Bvwxk>

N2./012RSTUABb2vwxk4Wy$.L&)$O"#$* 

     ! !   !

! 

D(x) "n(x)dS
S

# =Q                      ! ! !   (23) 

! ! ! ! ! ! !

! 

divD(x) = "(x)! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! (24) 

! .z{| D(x)8BJ./01MA+,4}~=vw�k�@X Dd�676$

��!��c$*.z{|���� D(x)23a8B./012a>Q3a&B

b2�S�8./012��|B�{|!��c$O�#`�6*.z{|8B

J./012zM49d2./01A{�U76$>!��c$* 

! +2��>Nc$OBnop2qr(23)B(24)8B./01f.z{|^4

_?7.L!hic$�drO=$*+,8B! ��! ��A��U@J.

�/�2�drM2�5&)$]]^*���2 .�O8./01A¡¢£Q�

¤2+O&B¥¦�§¨O©ª«2¬rA®�c$O"#$f¯6H7&;<@

_Q4B°>4B

! 

rot E = 08 .�2¥¦�§¨¬r&)$ *̂�N4Bno

p2qr(23)B(24)4_X./01>N.LA±-XB²4B./012{|&

)$.z{|4_X.� E(x)=D(x)/!0!hic$OB++>N�¨³´r:µ

T�,$f¯14-2 *̂��! ��2¶·8�¸�¹6* 

! Vx0�2V1O.�/�2./012º»>NBK2¼.L8J./01

ARSTcMR¼&BY2¼.L8J./01A[\-,$M[¼&)$O2

½;8B����t¾2¿ÀÁ]Â^4:)$+O>NB9NÃÄ=ÅÆ&8=6*

ÇÈÉÊ:BJt¾Ë·fÌÍÎÏÐ M̂]Ñ^2 p*3882Ò½&BÓÔhsfGauss

2hs4567²2_Q4;<76$* 
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! !Gauss"#$%Stokes"#$&'()%

! 

div u, rot u"*+,"-./01&

23456789#:;"<=/#>"?@AB6CDEF)%

! 

uAG P(x%y%

z)&HI6J;CB67KLM Gauss"#$&HI6NOP

! 

u•nd"
S
# Q1RST

&UVNAWXB6<YZ[\]^_5)`a%bc45de<=aQ%f5

QgT K &HI6hiZ[j,`&kFeQlam67n"hiZQ Gauss "

#$&'()

! 

  div u d"
K
# = (div u)

0
 d"
K
# &kFeoL%

! 

(div u)
0
Q1R=O&pB

6qr"hisam67^F^tN S/9G P&uvB6dLqrw

! 

(div u)
0
^

P&HI6

! 

div u&uvB67x&

! 

div uQ P&HI6hisam67yyyz 

{|F%}~"������"���aQ�G%�G&�e)"��A��I

6"Q��am67 

! W>"���������aQ%��Ce�^"Q>&��L5{^"a%��

�CQ�o��C��nCQde7fF)%����"�9�Q�� ¡¢A

£¤B6nCa¥¦§%̈ &�©"#ª&«¬%Maxwell®¯"°i&±o�7

fnaQ%�²$Z"#ª�%�²$�"³¢�/�´�"#$�Cµ¶&·¸F%

$�/¹ºF)F¦�»¼C^d67[n"½ª¾^n"¿AÀÁ�CF)e6

"|/ 7̀8Â! ÃÄ"ÅÆQ%n"'�dÇ©CQÈÉÊËam6nC/NÌ

e7�W>"�����"¿"§AÀ({Í&%Î;8Â! ÃÄ"ÏÐ&ÑAÒ

I6nC&B5M%f"ÓÔÕ/$�aÖ6'�&×�67 


