33EREBROMIBENT MILRT VY

s 1%

BT FEF | (2019)

HAFEL ISR
http://www-het.phys.sci.osaka-u.ac.jp/~tanaka/teaching.html

BIE EEEM &S

B £ (KBRAZEZHER) 33 EREROBIZBENRY MLET VY v L %3

«nn
an}
&
S

T & RS 1/27


http://www-het.phys.sci.osaka-u.ac.jp/~tanaka/teaching.html

3.3.1 EZA -4 /3—)L (Biot-Savart) D;ERl

E 74 —4/X—JL (Biot-Savart) D%l
EBERBE i ™MEDHS

o [i(r)yx(r—r N
B =2 [T v —mzomis
cf. 7—O v DER], X (2. 3.5)

SIRERIIE, A(T7VRT)DEERT, p:=4r x 107" H/m & EH

ENTWE. (H=Wb/A, A"V —) BHERIE, FEMellE>oT
C(/—OV)DPEEINDILITRST=DT, o ldBEEE 5.

g0 EEHRIC (§8§2. 1. 3BR), MMBEER « ZAVT,

E%@Eﬁﬂ$ Mo
2ho _ _
po=—5 = 1.256--- x 10 ®H/m(~4r x 107" H/m) (2)
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EAEWE o =47 x 107" H/m &EELL TRERL.
(5@‘1, 80#0—1/C %55//\\ )

e :%EH L\_ﬁfd:g:jﬁ (@Eﬁ C) %/}lbné EE./)IL@ ~
BREDFED 2ERTL T (R (3. 1. 21)),

B(r):M—OI/CM. (3)

4n r—r|3
- j

~ BRRFE DD BHiH ~

I:IEI

_ po ldr' x (r—r')
A r—1r3

(4)

J
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1 ERRERDD L BHH%

Z
I B zBICE B,
= B(r) = 224 5)
=(x,y.2) )= 2:R®
N | Vo BRSO SOEEICRLE. BHOA
BICDOWTHR LA EFHT AM.
1dr] r'=00,0,2")

X
dr' = 2d7' (2 =(0,0,1), zEHABDELRY ML) EEBF BN D,
B(r):“—”l/ dzzx(r—r)' (6)

r—rp

—00

2x(r—r)=(0,0,1)x (x,y,z—2) = (-y,x,0) =Rp. (7
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R .
r—~y  KEL, R=/x2+y? (Z?‘tiLﬁ?ﬁﬁﬁlﬁl(z

o

MOEHY EESHE) DBEEARS ML,

f N
\\ R / (I)
X
- tolpg / (8)
R2+ z—z)z)3
Mo/ ¢/ _ ol +
R2+z’2 3 27R 7T
M mEOESZRE. |[(EV b Z = Rtan) EBHEHR)
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Bl 2: AERD FOEEICD L 3%

r=(0,0,2)
FFa HDEHZE ZEHICE D L,

2

fol a ~

dr' = (—asinf,acosf,0)dd (10)
LY,
dr' x (r—r") = adf(—sin6,cos6,0) x (—acosf, —asinb, z)
= adf(zcosh, zsinb, a) . (11)
X7,

lr—r'| =+a*+22. (12)
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£oT,

B(Z):p_ol/cdr’x (r—1r)

~

1
4 r—rp3 ")
pol a i
— Em/d@(zcos&,zsm@, a)
. [,Lol 32

2 (@+2)pR°
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332 EREREICEL

7 > R—)L (Ampére) DF]

C] 12 C
I [,Lolllg/ / dr2><dr1>< r2—r1).
r, GJG [ro — 3
T (14)
g;',/ﬁ /1 b\%/u /2 @iﬁFﬁ‘uD < Zbﬁﬂiﬁ‘i _t ( )
ok d"1><("2—’1)
B = :
)=t [ (15)
ZDHEEAER b ICRIETAE, R (3.2 14) £V,
dF = /2df2 X B(I’z). (16)

IhEGICA>THESLT, =& (14) &8
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WIJ 1: qz'lﬁ'l_gljf‘? EE,/)leﬁ L@J < jj

I b BiiRHY DA,
F‘_‘ ® ol b
NDEE K, BRICEET, ERLEIL (B
R %) FEO & 2315 (R 7).

X (5) &Y, LB h DFFICIE BRI,

poh

=5 (18)
LAZIFBAE, R(16)EY, (HOAESEFELDE)
Wi
dF = hdnB = ‘;07:/; dr, . (19)

(b & BIEER. ) zh&v, R(17)%1E82
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1 r—r
v (=) = )
(V, i rico0WTofassibd) 22 (1) S &L T,

mﬁzg/ﬂﬂxv(v?m)W'

_ Mo itr)
CAr Vi x |r — r'| av (21)
NY MNVRTVS v )b
_ ko [ i(F)
A(r) = o) Tr—r] dv (22)

=RAWS L&,
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BERBEERY NULRT VY v )LOER
B(r) =V x A(r). (23)

cf. E=-V¢
X (3) ICHIEd 2RI,
NI MVRTV v (BRRERNZERDEZE)

/ dr'
Ar) = 22 r (24)
A Jeo lr—r|

X (23) & Y,
B OFER

V-B(r)=V-(VxA)=0.

(ADHITER SN, )R (2.5.45) V- E = pleg EBND &, “Hi
TFAEWCEAERDLTWS.
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A~ RYNVRT Vo v LOREMN ~
X(r) EEBDORANS—igET2E, AL

A=A+ Vy (26)
dELCB%E5Z%.
- J
2DDNYRMIVRTFUIUYILAE ADRELBES5Z%ET 5.
B=VxA=VxA". (27)
Inh&y,
V x (A — A)=0. (28)

§§2. 4. 6 TRL7ZL D IS, EEAEODRY MULIFIE, RHhT—15
DHABETETS. 2FY, ZAF—Fx(r) EAVT,

A—-A=Vy. (29)
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e, BERFETEIDZIEHTES.

VXxA=VxA+VxVy=8B. (30)

[ B DES & Rt
CHOBEHEZFE>T, V-A=0&T22&NTES. B#TRBD &
312, K (R)DAFEINEHT.

Bl 1, — 8RS BESZADZRI NLVKRTYI v

A:%er (31)

(652h, ThIE—BHTERAEL. )

1 1 1
Ax = E(Byz - By), A = E(BZX - Bez), A, = E(Bxy — Byx)
(32)

Y,
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0A, 0A, 1

x A =
(v = 2 g im)-s, @
0A, O0A, 1
(V X A)y = Oz - Ox = E(By + By) = B)”
0A 0A, 1
A 7 = Y _ =
(Vx A) = 2 - = (B4 B) = B,

dhabHs, B=V x A.

INE WL —TERDIE DS
IW—TERDOHMIIIMBFE—AVNEmETBRE, IL—TDOKE
XA TEA T,

. & mXr _ Ho

Ae)= 4 3 7 B(r) 4 ro

BT ATT: EBANLRNEIN—TORIEERRVLS, BHE
mIL—T TR (24) ZFHVWTEIET 5.
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FERR: DK S e xy FELEDRAF
W—TERI%=EZS.

AMJﬂLd“ (35)

C4m Jolr—r|

01O, dr = ydy,
r=(b/2,y.0), £TBE,

1 1
r=rl V= bR+ (y -y + 2
1
VP —xb—2yy + b2/4+y?

r>ab&lT, (—a/2<y < a/2)
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1 1 1
T r\/1—xb/r2 =2y + B2J(4r) + y2 /1

1 xbyy
~— |1 .
(vae %)

dr’ 2/2 1 xb yy a xb
~ ¥ 1+ 2 2 ey =52 (1422
r—r] y/_a/2r< Tar T ) Y yr( +2r2>

A3 DENE, b— —b, dr = —ydy’ EFThIE KL,

dr’ _.a 1_x_b
]r—r’| y 2r2 ) -
4 DIEDNE, dr = xdX, ¥ =(x',—a/2,0) &L T,

4
!
[ =5 o ~x2(1- 22,
|r—r’\ —b r

Y D
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4213,

FeHBE, A

Lol .bya _axb <>
Alr) = 225 [ — 322 bl
=" (575 575) @
_lab o plab y
= oAy ) =5y, x.0).

BESIBEFE—X > b m=labz = (0,0, lab) (ab IEIEDEIE, 2
EEIBEDERRT ML) #AVD &,

_ Mo mXxr
A(r)_47r r3
CEIID. B=VxAND, (BE3IOR (1) HAVT)
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mn:J@Vx<mX’) (38)

4 r3
_ g (L z
= {V(ﬂ) ><(m><r)+r3V><(m><r)} :

V(1/r*)==3r/r®, Vx(mxr)=2m%ZHW3<&,
[_3r X (m xr) _I_Z_m}

Ho
B(r) = — 5 3

47w
I, AR
ax(bxc)=b(a-c)—c(a-b) B: ZORXZETRE.| (39)
AW E, rx(mxr)=mr>—r(m-r) T,
to —3mr? +3r(m - r) +2mr?

B("):E /5
o 3(m - r)r —r’m
:Zi( L (40)
(GEER#R) cf. (2. 4. 56), BEXIRBEFDEZEY
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FHEEEICOWTER/, ERS, EMXIMnEd B,

m = ISn (41)

&Y, BATONRY MVRFY Y vIL, BBIER (34) TRDOS
ns.
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3.3.4 77 2 R—)L (Ampere) DRI

WA DT > R—ILDEE

V x B(r) = poi(r) (42)
SRR T7AT7: X (22) TEALNS BOOEREER 3.
SIEBA: VxB=Vx(VxA=V(V-A)—AA. (43)

fl: xEOFESZ2RE. | B1EDODSFSI,
Ho i(l‘,) / Mo i(l‘,) /
V- A — —V . =2 v, .
(r) / |r r/’ dV 47-(_\/ . ’ dV (44)

=i Jier v () v h

(V, -V, &LTQ)
_Fo [y, L :
= 1 i(r')-v, (]r—r’\) dVv
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(WBAEP%ZL Q)
o Mo Y -1 i(l") /
= “vﬂ-mr» )-%vﬂ.<pf—_)1dv
(REERPAV i =0

_Ho vw(iW)

vvv
Q.
N

 An lr—r|

(HY 2OEBEBNT
po [ i(r')-dS'

e

(BERSMIFEATED)

V xB=-AA.
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—7, BEEOEEOFERNS, R (2. 4. 19)
¢(r) . 1 / p(r/) d\//

" dmeg ) |r—r|

A, R (2.7.4)

2o(r) = 240

€0

DRTHZBIEEFM>TWD, hhd, =& (22)

Am:%/“”dw

r—r|

M, RIKMNUVRFUYIYIVICRTEDRTYY VAERR
AA(r) = —poi(r) (46)
Hmd I EDNDHNDB. £oT, R (42) 2185, (FEEAKR)
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BOFDT v _R—ILDEE

/ B - dr= ol (47)
C

ST ATT7: R (42) Z2EEILT, A=V RDEE%EH
W3,

AEER: BARMKR CICEHENT-E S 2EZ 5.
X (42) ZZDETHEDT S &,

/S(VXB)-dszm/i.ds. (48)

S

[si-dSIZSEBBERITHEND, A—IRDEELY, R
(47) 215 %. (FEEARR)

B R (KIRAZEZHER

33 EREROBIZBENRY MLET VY v L

% 3 E ERER S HHE 23 /27



Bl ERERERDOIED WS (cf. §§3.3. 1 f11)

B Z :
B R B | -
/CE/ B(r) = 2905, (49)

BligzghxErbY OHAARAZRE, WHMENSZDKRE SFERD
SDEHMR=\/x2+y2ICDHLD. Thabb,

B(r) = B(R) ¢. (50)
ZEDE DY DREROAICR (47) 2 ERAT2 &,
27RB(R) = piol . (51)
oF,
/
B(R) = 2’“7‘T—°R. (52)
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pl2: ERICRWY L /AR

%

8 § ‘/|//’f RDEhA 28, H=Ra BiR
® - & , BEEIYYDEREN LT 5.

CSE}I Cza; B:{ ponlz, R < a

. HR
E DSIDCJ 0, R>a

R R

(53)

MAAZROHIZIZEWN. BIEAROHZIE tz DESMTEHELE
D. faR, zERODHEDDHY, WHENS,

B(r) = B.(R)z (54)
EETS. ARG ICK47)ZAWVWT,
/ B(r) - dr = (B.(Rs) — (B,(R1) = 0. (55)
G
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£oT,
B,(R)) = B,(R) YL /ARNBTEB, IZ—E.  (56)

X (47) ZFAER G ICHEAT 5 &, YL/ 4 RAETE B, IF—7E.
YL /A4 KRR OHMR (H2ES%2EL B
% STRALEBD) I, BIAER%EE> THER
ICEELRIFNIERSRVNHA DS,

B,(PIER) - PIERDTERE — B, (SMER) - SHEROOEFE .

REDEE I 722, HEBOEMIGERA. > T, o0
B,(##8) = 0. (58)

GIZDWTEZR DL,
(B, (FIER) = ontl . (59)
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F &8 FRigksm DIER

V-B(r)=0, (60)
V x B(r) = poi(r). (61)

R (60) 1, BABRICKETZ2EEHELL. GIEAIRESET. )
V .B(r,t)=0.
RYPNIVRFUOvwILERWS E,

B(r) =V x A(r), AA(r) = —poi(r), V-A(r)=0. (62)

B £ (KBRAZEZHER) 33 EREROBIZBENRY MLET VY v L % 3 E ERER S HHE 27 /27



	第3章 定常電流と静磁場
	3.3 定常電流の磁場とベクトルポテンシャル


