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!13! "#$%&'()*+  

! ,-%./012%34567%89:;<=>?@A21"#B(CDE

FGHIJK%0L"#$MN@D%OPQRS0TKA"#$MUJKVW

X"#Y%&'1Z[\]^_`abcMd(efgD@KAChCLi%j

kXlm1nopgK)*+MqrJKAss01LZ[\]^_`abcG

CGSt^])*+(MKSA)*+uSI)*+v%wa0lmCLwx%lmc

%y@Gz{JKAi%-0L"#|YM1}~%��K)*+Qr�JKO

�G./JKA!10:��?��ML"#|Y%)*+(i%��1���8

90TKA!�01L�����<%�OG��D��s(Q�dC@�(�

�?QLs%}%��Gss0��A  

 

(13-1) Z[\]^_`abc�CGSt^])*+( SI)*+  

! �E��%��� ¡kM"¢£¤(!)("¥£¤(j)Q¦§JK(¨L¡k%

�©Mª«K"$¬¤G EL"£¤G D L#£¤G BL#$¬¤G H(J

K(L,®%Z[\]^_`abcQ¯°JKA  

  ! ±CGSt^])*+²            ±MKSA)*+(SI)*+)²  

! !

! 

divD = 4"#! ! ! ! !  (a-1)! ! ! ! !   

! 

divD = "               (a-1*) 

    

! 

rotH =
1

c
(4"j+

#D

#t
)     (a-2)           

! 

rotH = j+
"D

"t
           (a-2*) 

    

! 

rotE +
1

c

"B

"t
= 0        (a-3)            

! 

rotE +
"B

"t
= 0            (a-3*) 

    

! 

divB = 0             (a-4)            

! 

divB = 0               (a-4*) 

 ?³CLc 1�E´%2µ¤0TKAZ[\]^_`abc1L"#$%�¶

u!, j, E, D, B, HvMª«K�·XU¸G¹ºKabc»0TKAisM1¡k

%¼�1Tf½M1mg�@AMKSA )*+(SI )*+)%lm01sgQ¾z

0TKACGS t^])*+%Z[\]^_`abcM1L�E´%2µ¤ c Q

TKQLsg1¡k%¼�G¿ÀlJ:%01��L-0��K��MLs%

)*+0nopgD@KÁÂM�KA 

! ¡kG�E%EF(JK(L"£¤ D(#$¬¤ H01LÃ%U¸ 

! ! !   ! ! ! ! !  

! 

D = "
0
EL! ! ! !

! 

B = µ
0
H       ! ! ! ! ! ! ! u2v 

Q¯°CLÄÅ¸¶1�E%Æ"Ç("0)(�E%È#Ç(µ0)(ÉÊgKAMKSA

)*+(SI)*+)01L cG�E%2µ¤(CDL 
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! ! ! ! ! ! ! ! ! !

! 

c =1/ "
0
µ
0
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! u3v 

%U¸MTKA�aLËÌ�E%¡k0T�D:LCGSt^])*+01L(2)

0"0 = µ0 =�uÍÃÎv(�<L 

! ! ! ! ! ! ! ! ! !

! 

D = E,  ! ! !

! 

 H =B! ! ! ! ! ! ! ! ! ! ! uÏv 

0TKA! �E,Ð%ÑaX¡k%$Ò:L(2)%�E%Æ"Ç(È#Ç%Ó

! 

("
0
,µ

0
)GLi%¡k%Æ"Ç(È#Ç%Ó

! 

(",µ)L 

            ! ! ! !

! 

D = "E,         

! 

B = µH! ! ! ! ! ! ! ! ! ! ! u5v 

M�ºKs(0LÔÕXTK@1mÖ/X�Z\]^_`abc(�KA 

! ×ØLZ[\]^_`abc01"#$%�¶%Ó1u!, j, E, D, B, Hv0¹

ºfgKAChCL(2), (4) TK@1(5)%U¸Go@DL¡k%Æ"Ç(È#Ç

GÙÚÛeÊLZ[\]^_`abc1u!, j, E, Bv%�¶0lm0¨KA:Ú

ÜÝL�¶Gu!, j, E, Hv(CD:Þ@QL"¥Q#$G�K(ßºK°$hf

1u!, j, E, Bv%aQàdgKAu!, j, E, Hv%áâ1L#$1ã#¢”GäÁ

C?#åMqK(%°$MæQKhf0TKA  

! ç�c%(a-1)L(a-1*) 1L"¢MUJKt^]%&'0L"$%èQ"¢0

TKs(GéJAçêc%(a-2)L(a-2*)1L"¥(#$MUJKëìíî`5

Z\]^_`%&'GéJA çïc%(a-3)L(a-3*) 1Lðñòóôî%"#

Æõ%&'0LöF�÷JK#$hfÆøpgK"$GlmJKA! ù-%(a-4)L

(a-4*)1L#$%èMú?Kã#¢û1r�C�@s(GlmCD@KA &'

(CDüý1�@QL"¢(ã#¢û%×�Xy@GlJA 

! s%��ML"#$MUJK"#|Y%&'1LZ[\]^_`abc(C

DlmpgKQLi%jkXlm1êN%)*+0��KA�E%¡kGþÿ

MLs%89GÃMßºD!��A 

 

(13-2) SI)*+%"#($Ø%"#|Y)*+  

! ù%01LSI )*+(MKSA )*+)Q"#CLO&+Y'Y()«%"#|

Y*+],:L-.¶1s%)*+GnoCD@KAi%/0L SI)*+,Ð

%lm1sgf*+],hf1G2CDCd�?A?³CLCGS t^])*+

1Lm�0:LO/3OY456Y%¦708½gD@KA196091970 :;M

7<pg?Y'Y()«*+],%.�1LMKSA)*+( CGS)*+%lm

G=>CD@?QL?1s%���@A1Í@ABx1w)*+=>%*+]

,0"#|YGYCDe?E;MFJK?ehLCGS t^])*+GnoJK
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$E;%"#|Y*+],%üGGHIJKöM1L)*+%y@Q?:|M

�KA 

! ,®01L"#|YM�«K)*+%89G�OJK?e%./G��As

%89MN@D%d(d�?./1L  

5Jackson, J. D. (1998) ! Classical Electrodynamics, 3
rd

 ed.  Appendix on units and  

  dimension,  John Wiley J Sons, Inc. ! [K×L<�MN! O! PLQR\Sì 

! "#|Yu=L®vTUçï<LVWUXu2002L2003vYZ1=[M4Z]A  

5\]^Âu2009vã"#|YM�«K)*+ûL¦_`Yëîabc AC0003  

 uhttp://j-molsci.jp/archives/AC0003_2.pdfv. 

5W'd�u2008vã"#|Y%ef(ßºaûLghijbkì*ôðô\A 

MTK%0HIpg?@Ad?LO/(lo%w�0%"#|Y%mn1L)

*+%�opM¿ÀæQ�D@KAs%q©hf%/ß1L 

5rstuu2003vã"#|%)*1s�CD�fg?ûL&Yi 

QHßM�KA  

!  

(13-3) "#|Y)*+%v¯  

! wYX3Ox1Lyp(l)L�x(m)LöF(t)LGz°�{×)*(JKs(0

ÁÂpgKAsgfz°�{×)*G 

! ! ! yp(l)L�x(m)LöF(t) | cm,  gram,  second   

(JK%QLCGS})*+0TKAw%ÃÎ1L

! 

mlt
"2

= g # cm # s
"2(�<Ls%)

*%w1�~bì(dyn)�(ÉÊgKA�aL 

    ! yp(l)L�x(m)LöF(t) | m,  kilogram,  second   

(JK)*+QLMKS )*+0TKAm�"#CD@K��)*+(SI )*+)

1MKS)*+MFJKAs%)*+0%w%ÃÎ1

! 

mlt
"2

= kg #m # s
"2(�<Li

%)*%w1���î,ì(N)�(ÉÊgKA�~bì(dyn)�:���î,ì(N)�

:L{×)*hfÆõpgK)*uÆõ)*v%�N0TKA 

! 

1N =10
5
dyn ! 0

TKs(1L!

! 

kg "m " s
#2

=10
3
g "10

2
cm " s

#2
=10

5
(g " cm " s

#2
)  MqKAwYX)*

%��1)�0TKQL"#|Y)*%��1s%��M)�01�@AË�

%"#|Yx0:L)*+Q��K(LÃÎ:��K$ÒQTKAd?L Æõ

)*%}�:.¶TKA 

! "#|Y01L=>%ïN%wYX)*,ÐML"¥uIvd?1"¢uqvGL

ç�%{×)* (CDnoJKs(Q7ØKA"¥1"¢%öF��Ç
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! 

I = dq /dt  0TKhfL"¥uIvGç�%{×)*MnoJgÊL"¢uqv1

�"¥(öF%� (I!t)�%ÃÎGÙN3Ox(CD�ºKA MKS )*+%:

(0L"¥uIv%)* AuëìíëvGç�%"#|Y%{×)*MnoJK

%QL MKSA )*+0TKAMKS %ù-Mëìíë% A G�ºDl>JKA

��)*+ (SI)*+)1MKSA)*+(�ºKQL��)*+(SI)*+)�k

1, yp(l)L�x(m)LöF(t), "¥uIv,ÐML�¤uTLKvL3�xunL

molvL2¤uIv, cdv:z°�{×)* (CD@K%0Lwx1Ë�%)*+

01�@AChCLss01"#|%)*³«GßºK%0L��)*+(SI)

*+)1MKSA)*+(ËÌ(CD��A 

! CGS )*+4 MKS )*+%��MLyp(l)L�x(m)LöF(t)%ïNG{×

)*(JK)*+1�3Î)*+�(ÉÊgKA�aLMKSA)*+%��ML

"¥uIv%)* AuëìíëvGç�%{×)*MnoJK:%1L�4 Î)

*+�0TKA×Ø1lo)*0TK"¥G{×)*M�=>CL�4 Î)*

+�(JKs(0L�%lo)*0TK�`,("�)L�î�(��)Lðñò[

�("|�x)L\î�ì("¢)L��G{×)*(/CN«4J��KAl 13-1

1LMKSA �O)*+��C��uSAIAv)*+M�«K"#|Yx%)*

%É�(i%ÃÎGd(eD@KA.}%"#|YxQ�N%{×)*hfv

¯pgD@Ks(Q�KA 

! �M�?��ML"#|Y%&'1LnopgD@K)*+MqrCDL�

C���?�0lmpgKAlma&1�ÂXM1 df�@%0L¡pgK

��¤%¢£¤0Ll>=%¥¦4lo¼M:§¨C?��K)*+G�Ks

(Q0¨KA CGSt^])*+01LZ[\]^_`abcM

! 

4"QmgKQL

MKSA )*+(SI )*+)01 

! 

4"1mg�@A-x%©bªG�O)*+ (É

«A¬�DLMKSA )*+(SI )*+)1LcM1LMKSA �O)*+(ÉÊ

gKAZ[\]^_`abcM

! 

4"QmgK CGS}t^])*+1L®�O)*

+0TKAChCLsg1 MKSA)*+(SI)*+)01�"¢%\î�ì'�

M

! 

1/(4"#
0
)%ÄÅÁ¶Go@Ks(MqKA�aL CGSt^])*+01L�"

¢%\î�ì'�%ÄÅÁ¶GÍÃÎ% 1(JK CGS¯")*+%/0G°«

±gD@K²MLZ[\]^_`abcM

! 

4"QmgKA�%³´0)*µl�

� 4¶G>Jh1¥¦X�áâ%890T<L�O)*+h®�O)*+h%y

@1Td<·S�8901�@A! !

! �aLCGS t^])*+%Z[\]^_`abc01L(a-2)L(a-3)%cM�
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E´%2µ¤ cQmgKAMKSA)*+(SI)*+)%(a-2*)L(a-3*)%cM1 c1

mg�@A(a-2)1"¥(#$MUJKëìíî`5Z\]^_`%&'0L 

 

l 13-1AMKSA�O)*+L��u SIv)*+0%"#|Yx%)*(ÃÎ  

{×)*%ÃÎ¸¶ 
"#|Yx >¹ )* 

l m t A 

"¢! q �\î�ìuCv 0 0 1 1 

"¢£¤! ! �Cºm» -3 0 1 1 

"¥! I, i �ëìíëu¼v 0 0 0 1 

"¥£¤! J, j �¼º½¾ -2 0 0 1 

"$u%¬pv! ! ��`,ºmuVºmv 1 1 -3 -1 

"*u"*¿v! V ��`,uV|JoulºCv 2 1 -3 -1 

"|¦À! P �Cºm¾ -2 0 1 1 

"£¤! D �Cºm¾ -2 0 1 1 

��! " ��î�u#=V/Av 2 1 -3 -2 

"|�x! C �ðñò[�uF|CºVv -2 -1 4 2 

#! # �^_îÁîuWb|V$sv 2 1 -2 -1 

#£¤! B �*]òuT|Wbºm¾v 0 1 -2 -1 

#$u%¬pv! H �Aºm -1 0 0 1 

#�! M �Aºm -1 0 0 1 

bì~\©ì]! L �ÂìÃî(H=WbºA) 2 1 -2 -2 

 

 (a-3)1#$%�÷MÆøpgK"$GlmJK"#Æõ%&'0TKA@Äg

:"$("|x)(#$Å#|xÆ%U¸G¸ÁJKc0TKACGSt^])*+0

1L"¢%)*1 CGS¯")*+%)*uelectrostatic unit, esuvG°«±gL

#|xM1 CGS"#)*+%)*uelectromagnetic unit, emuvGnoCD@KA

Ç%²LCGSt^])*+0"$("|x)(#$u#|xvGËöM���M1L

w)*+%��¸¶(CD%�E´%2µ¤ c QÈÉ(mgKAsg1L�O

�5®�O�%Ê¶%89�<:·S0TK��MË½gKA 

 Ë�%"#|Y%&'(lÌ/0M°ÍC�Qf:LÎNh%��K)*+Q

Ïr0¨K@AGL=�% Jackson (1998)4rstu(2003)GHßMCDL:�
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�CjkXMßºD!��AW'u 2008v(\]u2009v%ßºa(%�U1

ù-M./JKA 
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(13-4) !"#$%&'()*+,-./   

! 0(12345(6!78!9:=! q/I! %;<=>?(t)(@ABC!7%;

<= I!t DE!9%;<= q/t DF+CGH=EIJKLM%!7NDF+!7

OP(")QEIJRSLTUVW+!9DF+!9OP(j)(XW+YZ%[  

! ! ! ! ! ! ! ! !  

! 

"#

"t
+ divj= 0! ! ! ! ! ! ! ! ! ! ! ! 66: 

\]^_+C G%[=!7`a'TbcW+dE1ef%g/=hiAjBC 

! !7%klmn'=Ek!T,-./QAoEpq!7(rsW+t%uvw

d 

! !               

! 

F
1

= k
1

qq'

r
2
! ! ! ! ! ! ! ! ! ! ! ! ! ! (7) 

DF+GQT12oB+C F!=t%;<

! 

(= ml t
"2
)Txq\]E

! 

k
1
qq'  %;<=E 

                

! 

[k
1
qq'] = ml

3
t
"2
! ! ! ! ! ! ! ! ! ! ! ! !  ! (8) 

DF+C,-./ k!%;<=EIJy(4zo{j|E}3E~�(=�K%

��TbcW+./^��C3�AECGS�!IJyQCGS���IJyD=E

,--./ k!�1D�;<Q��AoB+C�%��E�!IJ%!76esu:

%;<=E

! 

[esu] = m
1/ 2
l
3 / 2
t
"1 Qj+CA\AEMKSAIJy(SIIJy)D=E�

�%��IJQAo!9%IJ A6�n��:T�sW+%DE

! 

[q] = [I " t] = A " t !

DF|E k!%;<=!

! 

[k
1
] = ml

3
t
"4
A
"2
! Qj|Ek!%��K=!

! 

k
1

=1/(4"#
0
)! Q

j+CGH=�(��W+C 

! !� E=IJ!7F3|(rsW+tQ.�wH+%DE(7)4|Euvw= 

! ! ! ! ! ! ! !

! 

E =
F
1

q'
= k

1

q

r
2

                            (9) 

DF+C 

 pq%.� ¡!9?(¢£t=;%45(.�wH+C�n�l¤(4H

¥Ed%¦§�*¨3z3©�%�ª(«B ¡¬¡(E!9Q I’! d9Ho

B+>E©�%¬¡(¢£®IJ«w¯3|%t%uvw°=;[D±}+C 

               

! 

dF
2

dl
= 2k

2

I " I'

d
                           (10) 

k"=,-./DE²³%�;</ 2 =613:(´W+��D12+CGGD=!

k"%�T±µ+¶%·¸%¹(sB]H+QA45C(7)%º³T(10)D»+QE 

! ! ! ! ! ! !

! 

F
1

(dF
2
/dl)

=
k
1

2k
2

"
qq'

I " I'
"
d

r
2
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!"#$%&'()*+,-

! 

l = [k
1
/k

2
]t
2
l
"1  !'./01

! 

k
1
/k

2
*+,-' 

! ! ! ! ! ! !

! 

[k
1
/k

2
] = l

2
" t

#2
= (l / t)

2
! ! ! ! ! ! ! ! ! ! ! ! (11) 

!"1'23*45*+,&6#.789#$

! 

k
1
/k

2
*:;<-'=>7=?8

@A*BCDE'FGH*I23 c*45&JKL.78AE/ML#$ 

! ! ! ! ! ! !

! 

k
1
/k

2
= c

2
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! (12) 

./-BCNB&0#$OPQ&-'RSTUT 7 R$VTWXRYZ[1856\

8'=>]^=_`a7=b_`a!cdK'

! 

Q
(esu)
/Q

(emu)
= c  !"#.7]eK

f.7&ghi[jk'2003\$lmn*opDEqE/MLfBCrs!"

#8'tun*opDE'vwxyRSW-./8I23*z!"#7{|K

f$.*}&~LM-'�&����]��*!��</fL$ 

! ��=?8 I!"#��DE d*��&"#}*b��3 B*:;<-' 

! ! ! ! ! ! !

! 

B = 2k
2
"
I

d
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! (13) 

!��E/'�-��d�!"#$./-��T��UTW*��]��*�

�=?&��Kfrs!"#$� ¡-'��&¢£f¤¥[¦§'¨§\*©

ª&«¬�#$[10\*+,� 2-./&®f#$(13)! I¯I’ 7KM'[10\

!* I’] B!°±�#7'[10\- 

! ! ! ! ! ! !

! 

dF
2

dl
=
1

"
# I # B  

76#$./-, ��²�[³/�\]´~µ¶·TW¸*d¹ 

! ! ! ! ! !

! 

dF
2

=
1

"
# Idl $B  

&º»�#$¼)*

! 

Idl*+,- (ql/t)!"#DE'./-=> q'23 v]´~

½ *

! 

qv&¾;¿�#.78!;#$.*½ &À��#ÁTÂ¶Ã¸- 

! ! ! ! ! !

! 

F =
1

"
# qv $B  

76#$�*ÄÅ&~LM-�&ÆÇn�#$ 

! (9)7(13)*()*�]À#7' 

! ! ! ! ! !

! 

E

B
=

k
1

2k
2
"

Q

I
#
d

r
2

 

76#*!'E/B *+,-'!

!!!!!!!!!!!!!

! 

[E /B] = l
2
" t

#2
" [$#1

] " t " l
#1

= l " t
#1
" [$#1

]! ! ! ! ! ! ! ! (14)!
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!"#$%&'()*+,-./&012*E/B &01)345676#$!!

! 89:;9&<=>?2*;@AB)CDEF#D;G>ABHIJ8K&

LMN)+,O#:&;8CP&QR:S7TUF76#$%&D;G)VW

O#;9 E:8KXY B&Z[2*\]^! 

!     ! ! !

! 

rotE + k
3

"B

"t
= 0! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! (15) 

:=#$

! 

k
3
2+,-.!"#$_15`a)'Fb*%&cd&01>eS6f

ghU*

! 

[E]l
"1

= [k
3
] # [B]t

"1 !"#$%F2*(14) &3iHj(:* 

! ! ! ! !

! 

[k
3
] = [E /B]l

"1
# t = [$"1

]! ! ! ! ! ! ! ! ! ! ! !  ! (16) 

:=#$+,-.

! 

k
3
&012*+,-./&k.&01)eS6$EU)*0

)lO'()*mnE)<67o*

! 

k
3

=1/"  >pqO#$%&Z[2*rst

uvG:VwxyzhUoP{!n#>*|})~OP{Q&�>�?�O6

(Jackson, 1998)$ 

 

(13-5) ���+,[.H�6����������a  

! ���+,-.

! 

(k
1
,k
2
,k
3
,")H��^!*���������aH��O#:* 

! ! ! ! !

! 

divE = 4"k
1
#                                  (17-1) 

          

! 

rotB = 4"k
2
#j+

k
2
#

k
1

$E

$t
                         (17-2) 

          

! 

rotE + k
3

"B

"t
= 0                                (17-3) 

          

! 

divB = 0                                     (17-4) 

:=#(Jackson, 1998)$ (17-1):(17-2) &P{)<67&�*|})��=��

H~O$(17-3)2*�)��S�'()*;8CP&\]^&aH��MO#�

�)[. k3HP�S�g�!"#$��*(17-4) )[.2��S76=6$�

&P{2 &;8¡¢£¤�¥)o"#&!¦§EF�6$ 

! (17-1)a2*(9)a&!

! 

E =
F
1

q'
= k

1

q

r
2
! )¨©J$;9ª�¥� E)<67*«

¬ r&® ¯)ZO#®°]H<J#:*!

! ! ! !

! 

E(r)dS
S

" = E(r) dS
S

" = E(r)(4#r2) = 4#k
1
q = 4#k

1
$dV

V

" !!

!"#$±²&ea2*;³ ´ 2;³XYµ&¶°°]!·n¸¹76#$«
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! r"#$ % &'()*+r,-./0,123456"78,9:/3$;<

= > ? @ A B 5

! 

E(r)dS
S

" = E #ndS
S

"  = C D + E F G " H I J K

! 

E "ndS
S

# = divE " dV
V

# L2+

! 

divE " dV
V

# = 4$k
1

%dV
V

# M3B5N0+O;;<="

PQ"RSMTU+(17!1)"

! 

divE = 4"k
1
# ! *V2WB5SI XYZ="[\+

! 

divE = " /#
0
+M,]L^"SQ*_3B5 

! (17-2) ,+

! 

B = 2k
2
"
I

d
! (13)0`B5abcd I&eDfgh! Rid"jkl

mn&'(BM+opq"rstu* B 09vT+owx"ygtu*abc

d"uz0{|AB56" B "tu}~Ujklmn&9�ABb;<*+�

�"J�cd0RAB���ml"JK=CB5 

! ! !

! 

B " ds
C

# = B ds
C

# = B " 2$d = 2k
2
%(I /d) " 2$d = 4$k

2
% " I  

[\/0 Rid,123456WL2>�B`�0+6"78,�J"���h

! Ridjklmn�0�J�W349:�&��5SIXYZ=,+-�"�,!

! 

µ
0
" I  =CB*+66=,9:��&'(B"=+

! 

4"k
2
# $ I=CB5G�m�G

"JK`D+b;<,$;<0P�=zBL2+ 

! !  !

! 

B " ds
C

# = B " tds
C
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(17-1)~(17-4)*���qp�C��4!"#)�`a'./4(32-1)~ (32-3),�

{>'+ 13-1!+ 13-2*��1���-�_MN#)  

! (31-2)��*

! 

µ
0
"
0

#

$E

$t
*�W!(31-3)��*

! 

1

"

#B

#t
*�W*�1'(19)4M�- 

(32-1)~ (32-3)Mgh=L5x-'

! 

1/c
2M"�67"a"9)�-' 

! ! ! ! ! ! !

! 

µ
0
"
0

# 2
=
1

c
2

=
k
2

k
1

! !!!!!!!!!!!!! ! ! ! ! ! ! ! ! $33( 
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!"#$%&'()'*+,-.#/0

! 

k
1
/k

2
= " 2 /(µ

0
# $
0
) = c 2! (12)/1#$2

13-2-3#45!6%7+89-:;<0

! 

k
1
/k

2
= " 2 /(µ

0
# $
0
) = c 2<=>.#%/

60 Jackson (1998)/?@A2008B!&CDEFGHIJKL&MNOPQRS

!T#$ 

!

! 

("
0
,  µ

0
,  #)&UVWXYZY!0[\]^(33)<_`"#&!0ab-cd!T

#&6e`&VWXYZY-fP7#$abg<h!"#%/608i&2 13-2

!&j5/kl!"#$mno:-1#<0A33BL/2 13-3+pq.7r0s

tuv!6wx&yz-e`&abg<{d|7}~#%/<�#$ 

!  a)  

! 

"
0
#10

! 

" #1 /:}!

! 

µ
0

=1/c 2      ! ! ! !  � CGS��tuv 

!  b)  

! 

µ
0
"10

! 

" #1 /:}!

! 

"
0

=1/c
2
!       !     � CGS��tuv 

   c)  

! 

"
0
# µ

0
#1! /:}!  

! 

" = c       ! ! ! !     � CGS�GFtuv 

!  d) 

! 

µ
0
" 4# $10

%7
(NA

%2
),  & "1 /:} 

! 

"
0

=1/(µ
0
c
2
)  � MKSA��tuv 

�`&tuv60_`&L(33)&��'�&�~-��.#&!0�&tuv&

�~6S�/1#$�;0%&yz1 

! 

("
0
,  µ

0
,  #)&cd&�JOP.#/0MKSA

��tuv(SItuv)6 CGS��tuv-��.#%/Qy��#$��0CGS

��tuv-��#

! 

µ
0
"1(��� )+0MKSA ��tuv (SI tuv )!6

! 

µ
0
" 4# $10%7(N & A%2

)/:}~#/��r�~$;�:0

! 

µ
0
6���!1�0

! 

[N " A
#2
] =

! 

[m " l " t
#2
" I

#2
]&��+�`%/-1#$ 

! 2 13-360?@A2008B ¡¢A2009B&�£¤¥2+¦§.#¨&©ª«

!"#<0¬®-602 13-2/k_!"#%/+y��¯:;°!0%7P

&2+¦§.#%/<±�:~$%&²³60Jackson(1998)&´µ-¶�#2 2!

~ 2 4+¦§.#��-Q·�#$�;0̧ ¹º»!&¼½ª¾/¿À:}Á�

�ÂÃtuvÄ<ÅÆ:}~#²¹QÇÈ}�T;~<0�&yz1ÇÉ+Ê

#¨-Q2 13-1013-2013-3 6ËÌ�/1#$ÍÎA2003B-y7r0Ïe�

ÐÑÒÓÔ-ÕÖ×Ø&ÙÚ+Ç#JÛ/:}ªÜ:;ÝYÞY¼½60�&

ß&CàEáâãÃ&ÅÜ+ä:0�&Ô!å�âàæçYÞæF0

! 

Z
0

= E /H = µ
0
/"
0
ASItuvBè&éêë<ìÉ|7#yz-1È;$:O:0

2 13-2 OP�#yz-0CGS �GFtuv!60

! 

Z
0

= E /H =1/1n, �&�

�aí6àæçYÞæF-îïMN:1~$Q�ðñ0���&ò<óôõ/

·zö!61~$_J0 SI tuv!602 13-1 -÷.yz-0

! 

[E] = [V /m], [H] = [A/m]�OP0 

! ! ! !

! 

Z
0

= E /H  

! 

= µ0 /"0 = cµ0 #120$ = 376.5 (V /A =%)  
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! [\+89+$SI QRS[]2D^_`2QRSabcNd57!B$D^

_`2ef!.NaghijklB"m$8#niopqrD^_`IsbX

5tu!"56SI QRSIvw+./D^_`2xyjklB$oz{|}+
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