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Magnetic Moment and Maxwell's Equations

IR
T. Mizoguchi
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Classical and quantum mechanical concepts required to describe magnetic moments and magnetism are introduced. The first is

the electron spin, which is the intrinsic angular momentum of electrons that is fully understood only with quantum mechanics. The

second is the physical quantities and laws of classical electromagnetism, such as magnetic moment, m, magnetic field, H, vector po-

tential, A, magnetic flux density, B, and Maxwell's equations.
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Fig. 1 Direction change of the magnetic moment, m, by
reflection with a mirror parallel to the yz-plane. Accompa-
nying coordination transformation is (x, y, 2)—(-x, v, 2).
(al) & (a2) m parallel to the yz-plane, (b) m perpendicular
to the yz-plane, and (c) in general.”

e

i
(b)

Fig. 2 Comparison of electric and magnetic fields pro-
duced by various sources. (al) Magnetic field by a small
closed current loop, (a2) electric field by a pair of plus &
minus electric charges (electric dipole moment), and (b)
magnetic field by a magnetic dipole moment.”

196 Copyright © 2018 by The Magnetics Society of Japan



© z ® m
i 1 m 3
| m _ [ 2 2
e o 0
LA 1 -1
i -2 -2
i -3
=1 (=2 (=3
e = v2 le] = V6 le| = vi2
(a) (b) c)

Fig. 3 Schematic drawing of orbital the angular momen-
tum, ¢ , with vectors. (a) {=1, (b) (=2, and (c) (=3, where ¢
and m are the azimuthal and magnetic quantum numbers,
respectively.”
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Fig. 5 (a) Vector potential, A, produced by a magnetic moment m=(0, 0, m) at the origin (0, 0, 0). A rotates around the z axis.
(b) Contour lines of |A| in zx-plane; Z*+x*=(x/C)*’*; C=4x|A| /uo m.”
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Fig. 6 Magnetostatic potential, ¢, and magnetic field,
H,,, produced by a magnetic moment m=(0, 0, m).S)
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E=E, cos (kr—wt+0),

H=H, cos (kr—wt+/) (72)
e LCho. K (72) X (70) ITRRAT UL eouor” = F
5. 22T, MHBEZo/k=cTHE05

gouoc” =1 (73)
DHFREHS.

ETRICEY, WO E 7 5B & B, WAE— X
VIEEATSL, TPHEOONEN, R LR
E—AVIMPEEICHIGEEFEZ LY. Z0ELDICE
EFNEN, BEANT—KT VI VERT P VRT Y
Yy NKGENTESL. X7 MVRT VI y VONiEE &
W, BREEDR(66) D L HI1TEPNS.

BT, TIHZEMOBICET A WAL THi R
EFREBAT L, MErOf Y IBMBEAVEZ 2, W
CHET2WHEE ZOFTHRETE L CZO L YD
THBErCBI2L0OWHBELEEZEZLZOTHEL. 22T
AVEEDL LVORE ZIZE N, EZHEEICLS.
WA ELERICB WL, AFFYoERoOTIc Lo
BT hREHR AVEEZTOFYMETIT L A LELET,
fLE MR L LT S CHMSHENTREE 25 X
IHRENHETS.

BARMIZK (66) DAL EE2TIZ DOV THER D &, R DAL
BICHAE— A Y P my B ELTwz 5, 250
WAE— AV MEGLHBICET 2R E LT

M :ﬁZm,-

:fvjﬂzgpmﬂr—RJpv

MWEREINDL., ZOXRZ MIVMIZHALNZ bV EFITH
b, AR S INZ 7205 7%  CHOHBOKE SO LN
7 MV OYEILEEEAR LTINS, KX (66) DB. (r)
CH,(r) bRV LENY MVByk HilCZF N ZEhE
Eh 2L,

By = uoHw + uoM (75)
DOBFRERS. X(B6) TB=VXALBWVZ &% B
ZHiX, EXomldosgies ¥ uthsb. Lizho
T

V-Hy=-V-M (76)
Thb. B HuIFALMAHR L0 E ML, M
MIHAELZEZAICRVAENS., NEP MLtz
DA TIL, BALOFAEL WA L OERIZBWT
WALIZIHEL, #ET 200, @b FchsbcsE, £
IO AT NS, D HAAZ DGO
Hy 3K (60) TlE 2L T, ThEfEsLe

(74)
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Hy = ﬁ ” H,dV (77)

ThahH. ML VBT FILI s 0L, B RELH
2% 2 DENRTH 575, WBETERO T A A OB
&, WEDOBALDS— R TH T Hy b — R S & 7 B

M D O Hy DAV O Ho 3517 b v T v, Zh
T WYAR 3 K A B
Bex = poH (78)
Thad MHEEZMZ T, —#KICB=Bu+Bs H=Hu+
H. LiErix
B=uH+ uM (79)
Thb. ZTOLIITLTHRIRERE L@, #its OBfRd:
Wiz, TS TRCHEY R B/NMBAVOHR TR
MY Lo mTHLEI L ENTIE RS W,

[ B AT R (S TRIERBEEBOHAIIT (7 AF) T
Hb. WHH BALMOKMIZEDICAMTHSD. Wik
R Yt Mx HOBM¥ L LT, bz i %
T EMPORYIREE 2B, Tk EHTIE R L TR (79)
OWKBEEBEZHVAZ LI TEL V., ARTIEuH & #E
AREYHEEIBEHWERW. BEH WL L XIEMEHN
FNENME TR ISR EZE L.

W % & A 2RI BT B ARREEY L7 Y Chtil &
N7 BRBEAFORKREANCL, BRHEE), BREENY
MV, BRGERZ MIVP, FALXZ MVMPENS.
CCTEEBENRY MV

D=E+P (80)
LR DHHEEENY PVB=puH+uM%HNT, <
7 A7 2 VO FRRE MR EZPERN R THFIIE

__ 90 _ 9
VxE=-<-B VxH= SD+J (81)
VD=p,VB=0 (82)

L% B, (79), (80) KL T, Pu=udM % R0 &
IATEAL, BRXWERNEERE~EAbWD. L Lk
SEBRLEOTFTOY—THPLLIH) L LTS, IELWE
IIEEDE L 2. BERE— A ¥ NI TAEE &2 ko
THNLDITH LT, BRMBTFIIEAOEMORNT, A
EEE C IR, FEEAEZFATY, BIEAROMIE
ERVWELAICTAHILIETE W,

<A 2 VOSBRI BWTBEDIFHRL TH#H%
KIFICIZBEA TRV, 22 THATBEDEHWTIC,
WEDHH L EBENLIYWHEZ DL S FITHVTYZ A
7 2 VO HEREFTIE

VxE:—m%—yoagf (83)

__1 JE  oP
VxH= T + 35 +dJ (84)
V-E=puoc*(p—V-P) (85)
V-H=-V-M (86)

L s, Hzeh oA (68), (69) & D iE SR IZH
HRTELTHA). BRM)OMBREN Ve ZH L7
X (84) DFEHLE &t
1 9 9

W§V~E+§V-P+V~J=O (87

b, T (85) BMUA LT, EATHATHI
Jo_9

Ved=-=2 (88)

BELIENTED.
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