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"F(s) = (i #S
0
#"s) $B(s)            ! ! ! ! ! !        (21) 
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�H�P*+!_As!�|# F 'z�+,��XA(26)!T\ BAb\ E '

-Abe q !%&no#(pP*T\Ab\�n�\�YqrXOL+��#
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2&LMNO4 

               

! 

B(r) =
µ
0

4"
#
I # ds$ r

r
3

%&

+&

' = (
µ
0

2"
) #
I

R
= B(R)! ! ! ! ! ! (28) 

IEFPQR R &STO 2UR I4V&STWI

! 

B(R)&LMNOXYIEF@

A4

! 

B(R)7V&STDZ[;=#$\F.4!  

! ! !       !

! 

B(R) " ds
C(R)

# = B(R) " 2$R = µ
0
I                      (29) 

.]FPV&^_O>?(I).`aYb&c.]d4ROef]gPYh>?(i)

7jdklmn=DZ[;/JK2 B&=#$7op\F.4q&rsO

! 

µ
0
I.

]FP/0.Yh>?7<truvwFxy]rsI4Vfz#$%&'()

*+&,-IEFP 

! R Omn=DZ{=#$|}7~Y\F���*�*IEF@A4V&=#

$rsD Rzef]gV.O4Yh>?(i)7jdklmn=IEf�4�&�

{]mn=IE[;�4q&=#$O

! 

µ
0
I.]FV.7��\FPVf75 18-13

I��;c�{P 

! 5 18-13IO4WIO���QR R&ST7 C.\Fz4 I7jdkl��

-]|} C’ 7��4q&X� P @A<=>?�I&BCO R4 P I&|}&

�$7 ds.\FPV&�$O x4y4z�$D$�:;��FV.z��Fz4y

�$&cz P�I&/JK2 B.�pD]d4x4z�$O B.<�\FP�[

;4 B . ds .&�#IO4�$ ds& y�$D�\F�$&cz�FPds& y

�$O4>?@A&BC R.���&�$ d!.&#4

! 

dsy = Rd"IEFP  
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B! ds!"#$%& 

               

! 

B(R)• ds =
µ
0
I

2"R
# Rd$ =

µ
0
I

2"
d$! ! ! ! ! ! ! ! ! ! ! (30) 

!'()*"+,- C’ ./01"-$2% 

! ! ! ! ! ! !   

! 

B(R)• ds
C '

" =
µ
0
I

2#
d$

0

2#

" = µ
0
I                        (31) 

!'3&(29)!456789() 

!  (29)&(31)%:-;< I!=>?@ B"ABCDEF&GH";<8I456

7!'() 

! J 18-14 .DEKL'MN8%&=>?@ B C+,-./01$2OPQ&

R"+,-CST;<FUVEWX&$2Y"Z[\]^"_`% 

              

! 

B• ds
C

" = µ
0
(I
1
# I

2
+ I

4
) = µ

0
I
k

k

$                   (32) 

 

I 

dsx 
dsy 

dsz ds 

B(R) 

 

y 

x 

z 

P 

C’ 

C 

J 18-13. =>?@ BC+,- Ca./01$2E()P.bc

(de"f2 dsC x&y&zg2.2c1hiPQ&yg2"j

F Pk8"=>?@ B!lm.'3&x&zg2% B!:nE

()  

)   

)   

 

d! 
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56<='45!">?@#$IABCDE6FG'-<='5H6 I*!IJK

LM7N#$OPQ CRS@?@"@<= IT-UV"@$IW- I*!X97N#

LM/YZ[V#$ 

 

 

 

 

 

 

 

 

!

\]^_`a'bc!defg Hh!

! iVj7.kllm7-.ndopg Bq!nde'fr Hq-.sBtuv

aw!x? 

! ! ! ! ! ! !

! 

B = µ
0
H! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !     (7) 

!yzrV#i!-{|x}6.nde'fr Hq-~�x"@7.ndopg Bq

K�R~>?��x?H}$xLx.%&�']^_`a'bc(32)R�#!. 

! ! ! ! !

! 

B• ds
C

" = µ
0
(I
1
# I

2
+ I

4
) = µ

0
I
k

k

$ !   !     !           (32) 

7N#LM.i'�YR�d�

! 

µ
0
7�V�.(7)R~�i!7�d�

! 

µ
0
R~�"

C 

I1 
IA 

 

IT 

 

� 18-14.! %&�']^_`a'bc$ 

IW 
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!"#$%&'()*+ 

! ! ! ! !

! 

H • ds
C

" = (I
1
# I

2
+ I

4
) = I

k

k

$ ! ! ! ! ! ! ! ! ! ! ! !    (33) 

,-./ H 01230456789:0123;<=>?0@ABC!+,-

./ H0"D8 [A/m]E$*FEGH*+!

! 

B = µ
0
H! 8I>JK/ DLEI>

-0.M EL0NO!

! 

D = "
0
E! APQR*&9F)8SATUVW+!

 

XY7Z0[\]^_0`ab 

! c/9(32)0[\]^_0`aAde9fgAh!iTU*+fg8123 j

;<=k>?lmnGopiqEr,s06tu*+!

! ! ! ! ! !

! 

B• ds
C

" = µ
0
(I
1
# I

2
+ I

4
) = µ

0
I
k

k

$ !   !     !           (32) 

FFt0vj;<=k>?w8vj&xU*2y z;<=k>?w0{|tGu

*+>?&}&e;G~i S;<=-�tG9(32)fgE��VWAk>?;T

U*FE&��*+>?A}&e&u*-�89�17 t���VWA9k>?

89>?K/ i02y zANR*y67A$*0t9(32)fg8�0VWA��

M)*+!

! ! ! ! ! !

! 

B• ds
C

" = µ
0
i(x)•n(x)dS

S

"                           (33) 

i(x)82y S0� xA��*>?K/9n(x)8� xA��*2y S0"D`3�

��_tu*+ 

! ��9�g�012306789�6 t�����^��0��;�!*E9

(33)fgA��R*y67A��M)*+! ��^��0��89367&y6

7A��*FE;� R*��tu*+¡¢9£¤0D¥ x APCixU()
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! 

A(x)&'()* 

                

! 

A(x)• dx = rotA(x)•n(x)dS
S
"

C
" ! ! ! ! ! ! ! +,6-5. 

/012!3456*C 789:;<=>*S 7;<= C /?@AB89:

<C>*

! 

n(x)7C S :DCEF&1)4GHI="#$%>J!3K&*(33)

LM7* 

! !       ! !

! 

rotB•n(x)dS
S

" = µ
0
i(x)•n(x)dS

S

"  

NO!3PQ2RS* 

! ! ! ! ! ! ! !

! 

[rotB "µ
0
i(x)]•n(x)dS

S

# = 0  ! ! ! ! ! ! ! ! ! ! (34) 

;<= C/89>J!TU*;VC SW89>J@*XR7 

! ! ! ! ! ! !

! 

rotB(x) = µ
0
i(x)                                  (35-1) 

XR7YZ[\ H>]^S* 

! ! ! ! ! ! !

! 

rotH(x) = i(x)                                    (35-2) 

>J!3_`a:bcde%:If>J!3ghi\7YZ&jk2!XN

lD23mn:o`a:bcde%:If  

! ! ! ! ! !

! 

H • ds
C

" = I
k

k

# ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! (33) 

Npq&*ghNYZ:GrOstlDu2!3vw>7 

! ! ! ! ! ! ! !

! 

B = µ
0
H! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! (7) 

>7J!/*_`a>JRo`a>JR*bcde%:If7*

! 

µ
0
lxy

z!XNO{ghNYZ[\ H:stl|}2!3 

 


