
2010 10 4 ( ) 13:00-14 30 S2Y
!! " # $ %!! " # $ % 電

456 !56
%55 77%55 77



89

!:455

! !55!:!55

# $

% %5 ;
! %5 %4! %5 %4 電磁気学を理解する

< %5 !7
; %% 5%; %% 5%
7 %% 54
= %% %7
> %% !!
4 %% !?
? %! 5=
%5 %! %<
%% %! !5
%! %! !>
%< !<

5% %>
%; % !;
%7



@

Benjamin Franklin/01234*1253

63789:+";
http://www.weblio.jp/content/BenjaminFranklin

<!=0155> ?333 6 <@=0
?333

<+=

http://www.zisin.jp/modules/pico/index.php?content_id=1699

< AB =0
< =

http://www.re-mirai.com/denki/rekisi.html

 
 
 http://www.aobaya.jp/photo1.html

著作権処理のため、
画像を削除しました。

ocwuser




= 555

'!
C=

7-555A

=-555A

DEF!0
<B
G
H:
)'

;-555A B+CCD&:AE&CFAE+G)3,

H F E

I$CJH0
D"'CF+!

"
-J
F$
#
<

<-555A

H,CFAE+G)3,

I)GFJAK',GD1&

L)+FJAK',GD1&

G J

+$
#E
&"

!-555A
KMGD1&

NDOOP,AE&CF

Q1,&(D&

G'EJ
K&C$-'

+J
CF+
FJ) %-555A KCD&

KL
'+ 5-555A

%?>7 %?45 %?47 %??5 %??7 !555 !557 !55=

M!L'#N!C )'!C
KIKOPQ0RDSDIMKT0UV0IUI*UKMW0MUXIYOZKT0<?33>0KNFJF$#=0* ZZ.63[
M!L'#N!C )'!C

HJJ-\::]]].'#'+H$."'JF.($.,-:J$-F+E:H!^&EH$:?334K#'C()AY_S:HJ"L:F??63333.HJ"L

AB

15%
2%

%46 746%76

!>6 =!6<>6
T$&JH 8$C'!

83%

%

MHF#!0
?.50BGH=46%;6

%46

I$CJH D"'CF+!

%76
K&C$-'0
`.>0BGH

%6
T$&JH08$C'!
3.`0BGH
!46

aI$CJH0D"'CF+!
[.60BGH

%=6

!6
%76

<6

=<6?6a!-!#
1.10BGH

24%

73%

3%
T$&JH0D"'CF+!

3.50BGH

4!6DbCF+!0
3.40BGH %;6

56
4!6Z#NF!

3.20BGH

%=6
%76

4=6U+'!#F!0
3.60BGH

=?6
%=6

G$CLN0
15.3BGH0
RJ,G'&P H&F,G I+1P,&G, & &F, +1 ,&

-'C )'!C <?334=
HJJ-\::,!.]F^F-'NF!.$C(:]F^F:cK6c>6c5[cK6c>?cD1cK6c>?cD`cK6c>6cDR\T$L!CdL!#Nd!C'!.-#(

AB



!""#$%%&&&'()*+,'-".'/)'0#%12032%.*4
%0.1 ." .567 8)%0.13+(.",+'8.567

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

67



1.5

@



F_FK9F_FK9
6/65[ 1/`2[ 1/433""
1/3>3^(
`̀
163^":H

13 1[ 143^"

HJJ-\::]]]."FJE&@FEHF*
"$J$CE +$ ,-:E-'+F!L:'+$:!@$&J F

`2^G
1>3I "

"$J$CE.+$.,-:E-'+F!L:'+$:!@$&JdF
"F'e`F#$e!JF$#.HJ"L 6639

14^GH

@ 3.18GH:^" 1.2 < 3.5 =
+b. ?3^":S 3.3[ S:^" 4

@ 1/333 :
1 ^ 1 3 18GH 1 333 133 8GH1 ^" 1 3.18GH 1/333 f133 8GH

5/533 8GH<?334= 1c

HJJ-\::E&#EHF#'.#!$'.J.&*J$^)$.!+.,-:,&#:

HJJ-\::]]].JN^.+$.,-:J,@+(31:@+(33314.-NbgE'!C+Hfh h



148GH 166^148GHf166^(

148GHf6?3@

HJJ-\::]]]."'JF.($.,-:+$""FJJ'':"!J'CF!LE?:N$]#L$!NbFL'E:(53??[!3[,.-Nb

?.[



@ 1:[1:[
@

S%0%

?313 > 1> YH!#'J

?313 > 16 <+='+$$L:K#@CFN('

9'EJ!E 6
133 <+='+$$L:_!C^08FL#'C

HJJ-\::]]].'+$$L.,-:b$C'F(#:?313:35:e!JJ'#b!LL44*5?1.HJ"L
?313 > 16 <+='+$$L:K#@CFN('

HJJ-\::]]].'+$$L.,-:b$C'F(#:?313:13:bFCEJE$L!C52*566.HJ"L



䝞䝑䝔䝸䛾ᚲせᛶ

㢼ຊⓎ㟁䠈
ኴ㝧ගⓎ㟁䛺䛹ኴ㝧ගⓎ㟁䛺䛹

http://www.elna.co.jp/news/2005/pdf/050405.pdf#search='㟁Ẽ஧㔜ᒙ䜻䝱䝟䝅䝍 㟁ụ ᨺ㟁඘㟁ᛶ⬟ ẚ㍑'

㟁☢ẼᏛ䛸⏕ά 䞉䞉䞉 ஺ὶ㏦㟁䛸┤ὶ㏦㟁

http://techon.nikkeibp.co.jp/article/NEWS/20090930/175893/?SS=imgview&FD=571014812

䛣䜜䛛䜙䛿┤ὶ㟁※ ┤ὶ౑⏝䛾ᶵჾ䛜ቑ䛘䜛䟿䛣䜜䛛䜙䛿┤ὶ㟁※䠈┤ὶ౑⏝䛾ᶵჾ䛜ቑ䛘䜛䟿

஺ὶ㏦㟁䛸┤ὶ㟁※䠈䛹䛱䜙䛜ᚓ䛛?



P'$C('0
G'EJF#(H$&E'

YH$"!E0DLe!0KNFE$#/
XTD 1>`2 1561

IF^$L!0Y'EL!
MC$!JF!G'EJF#(H$&E'

XTD 1>`4*151`
XTD 1>`2*1561MC$!JF!

XTD 1>[4 15`6

HJJ-\::,!.]F^F-'NF!.$C(:]F^F:

BC$b'EE$C0B'J'C0VFEH'C<_ZY=



HJJ-\::]]] JN^ +$ ,-:J'+H"!(:F#N&+JFe':?33534:F#N'k? HJ"HJJ-\::]]].JN^.+$.,-:J'+H"!(:F#N&+JFe':?33534:F#N'k?.HJ"

M$-)CF(HJ<+=01554*?3110YW80M$C-$C!JF$#.0DLL0CF(HJE0C'E'Ce'N.

?3 >

ABAB
HJJ-\::]]].'#'+H$."'JF.($.,-:F#b$:EJ!JFEJF+E:N'#C)$^&:C'E&LJ*?.HJ"
上記サイトより、「平成２０年度２-(１)発電実績(総括)」



HJJ-\::,!.]F^F-'NF!.$C(:]F^F:cK2c5`cRRcK[c>6c>V\V&LL#''N.,-(

理解には､電磁気学

1>3BG Bf f13 1[
1BG [3

1?33^GH:"?

l
De'C!(' N'#EFJ) $b E&#LF(HJ FCC!NF!JF$# F# a!-!#De'C!('0N'#EFJ) $b E&#LF(HJ0FCC!NF!JF$# F#0a!-!#

1/?338GH:"?f1.? 134GH:"?

Zb ?3c bbF F N L N [ 135 ? mZb ]' !EE&"' ?3c 'bbF+F'#+) "$N&L'E/ ]' #''N [ 135"? m
DF+HF -C'b'+J&C'/ MHF@! -C'b'+J&C' [.? 135"?0

PF!#J -H$J$e$LJ!F+ !CC!) ,-(PF!#J0-H$J$e$LJ!F+0!CC!).,-(
HJJ-\::"!-E.($$(L'.+$.,-

ocwuser
タイプライターテキスト



!

"## $$# " %&& %' ("##)*$$#+,"-./.%&&+%')/,-/()
$01#%,2+$3456784$9:;::9:<$

;=>>9?$@A6B)1%.#

AACA A)0,+DA-201DC-E+1DAFG#+HG
I5J5

K LK L

http://GMN%O0&%/-2%.+/()$@day=20050403 "##)*$$G#0PP/0%G#/N-/()$#QF0.0N%G0E0$0,#%R%#F$GM)+1,./"#H2



HJJ-\::]]] #FbE !+ ,-:EJ&N):'#'C():323>3? -NbgE'!C+Hfh hHJJ-\::]]].#FbE.!+.,-:EJ&N):'#'C():323>3?.-NbgE'!C+Hf



HJJ-\::hyamada.nifs.ac.jp/WhatIsFusion.pdf



HJJ-\::hyamada.nifs.ac.jp/WhatIsFusion.pdf

HJJ-\::hyamada.nifs.ac.jp/WhatIsFusion.pdf



HJJ-\::hyamada.nifs.ac.jp/WhatIsFusion.pdf



TU?55C
N&.(,1D& !

TU=55CRJ P

# $
TU=55CRJ&P,C

TU!;5CTU!;5C

>%< = >%<>%<

HJJ-\::]]].('$+FJF'E.,-:HFC$)&^F34?32>[:JF"'LF#'.HJ"

HJJ-\::hyamada.nifs.ac.jp/WhatIsFusion.pdf



HJJ-\::"!'N!6.+.&*J$^)$.!+.,-:L'+J&C':,d'L'd?33[d--J.-NbgE'!C+Hfh
h

HJJ-\::]]]1[.]F#N.#'.,-:nPL!&@'#dL'@'#:R&J&CF:AFEJ$C)[.HJ"

1>?3.5.1> D#NC'1>?3.2.?1 1>?3.5.1> D#NC'0
_!CF'0D"-'C'
<122[*1>64=

1>?3.2.?1
A!#E0MHCFEJF!#0
U'C'EJ'N rsId< =

17" ; ?

<1222*1>[1= 34 r
rsIdHd

17" ; ?

17"; ? 13*27I
; 17D ;

1>?3.13.63 RF$J/
a'!# R!-F!J'o

; 17D ;
17D; 17E ;
17M ;

-
V.0T!e!CJ

HJJ-\::]]].('$+FJF'E.,-:HFC$)&^F34?32>[:^?,F^F:magoersted.HJ"
HJJ-\::]]].b*N'#EHF.+$":333Y$^F]!aBI:6?N'#,^:353'L+.HJ"L



xb
aX

1>?2 P'$C( TF"$#
UH" <12>2*1>[`=

<
1221 M NF H=1221 M!e'#NFEH=

p\
< =

HJJ-\::]]]*&E'C.)$^$H!"!*+&.!+.,-:n^'Fq!FEF:^$(F^'Fq!FEHF*F#N'kDL@&".HJ"

! < =
@
k

< =

1>61*`[ _F+H!'L
V!C!N!)0<1251*1>42=) < =

HJJ-\::www.shinko-keirin.co.jp/kori/science/ayumi/ayumi09.html

HJJ-\::]]].('$+FJF'E.,-:HFC$)&^F34?32>[:^?,F^F:maginduction.HJ"



HJJ-\::"!'N!6.+.&*J$^)$.!+.,-:L'+J&C':,d'L'd?33[d--J.-NbgE'!C+Hfh
h

HJJ-\::]]]1[.]F#N.#'.,-:nPL!&@'#dL'@'#:R&J&CF:AFEJ$C)[.HJ"

1>?3.5.1> D#NC'1>?3.2.?1 1>?3.5.1> D#NC'0
_!CF'0D"-'C'
<122[*1>64=

1>?3.2.?1
A!#E0MHCFEJF!#0
U'C'EJ'N rsId< =

17" ; ?

<1222*1>[1= 34 r
rsIdHd

17" ; ?

17"; ? 13*27I
; 17D ;

1>?3.13.63 RF$J/
a'!# R!-F!J'o

; 17D ;
17D; 17E ;
17M ;

-
V.0T!e!CJ

HJJ-\::]]].b*N'#EHF.+$":333Y$^F]!aBI:6?N'#,^:353'L+.HJ"L



HJJ-\::,!.]F^F-'NF!.$C(:]F^F:cK2c5`cRRcK[c>6c>V\_F+C$]!e'd$e'#.,-(

r1*?

HJJ-\::]]].J*E+FJ'+H.#'J:^FJ+H'#:"$#$:C'#,F.HJ"

r *6r *6

1*1

HJJ-\::F"(.^!^!^&.+$":F"!('E:-C$N&+JF"!(':b&LLE+!L':?11[6313636.,-(



r1r1*

1 ?1*?

HJJ-\::]]]5.]F#N.#'.,-:b&,F#:NF):N'#^F:!&NF$:E-'!^'C*('#CF.HJ"

TZ

TZ D D
M DsE
9 a:M0f0^(s"?sE 6sD 1

9:D ^ ? 6 D ?9:D0f0^(s"?sE 6sD ?

s" ^(s"6sE 6sD ?

G 9sD f ^(s"?sE 6G 9 D0 0^( " E
V M:90f0^( 1s" ?sD?sE`
V:" ^( 1s" 6sD?sE`

T 1 f0^( 1s" ?sE6sD?

T:" ^( 1s" 6sE6sD?
G@ 9 E f ^( "? E ? D 1G@ 9sE0f0^(s"?sE ?sD 1

Y G@:"? f0^(sE ?sD 1

D:" " 1sD
A G@:D 9 :D ^ ? ? D ?A G@:D0f09sE:D0f0^(s"?sE ?sD ?

A:" ^(s"sE ?sD ?

HJJ-\::ja.wikipedia.org/wiki/�����



TF TZ

#'$
#V.$

#C$
#K$
#W$
#1O$

#')P$

i

r t0 r t C

1 Q
][

4
1

2 N
qQ

F
4 2r r1*[ TZ

i
\
I f ^( ":E?

i

5 XA4-47; %50%! YZ['\



< =

][)( VrdrEV
B

][)( VrdrEV
A

AB

7a;f7I ";

A

7a;f7I ";
79;f7a M; 7I " M;

7I M; 79 ";7I M; 79 ";

< D=

?r1*4 C b<C=fC ? Cf 1 6

411111
33

3
4

1
1

3
11

12
11

11
2 r
dr

r



r1*4
q

)b,b,b(B 321

r1 4

)a,a,a(A 321

)( 321

332211 bababacosBABA

)

),,( 321

k
BA

k
aaa
zyx

321

zbabaybabaxbaba

bbb

)()()( 122131132332

321

y )()()( 122131132332

sinBA

r1*2

)(grad

r1*2

)
z

,
y

,
x

(grad

aaa
z
a

y
a

x
aaaa

zyx
A 321

321 ),,(),,(

)a,a,a()
z

,
y

,
x

(A 321

zyx

zyx

zyx
aaa

y
321

)
y
a

x
a,

x
a

z
a,

z
a

y
a( 123123



r1*>

AA 0

)BA(A 0

)BA(C)CA(B)CB(A

)AC(B)BA(C)CB(A

)BA(C)CA(B)CB(A

r1*5

2
222

)( 222 zyx
)(



SdAdVA
SV

9
A A

A9
9 T

A

A SdAA SdA

rdASdA
CS

T
A A

AT
T M

A
SdA
A rdAA rdA



[ <
n =




