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§19.1 KL FHYRABIRKE
§19.1.1 HEHIE

fEBohr &R T H#ith, M TSR TR Eizsh. WS AE, X sz R T
A, M AAWERE. 5770, MRS, FUR IR EA AmaE. T, 341
WoFR, XWEZAFELIER R IMEMERR, REXELRATZE ABohr B it T Hi ) (Bohr#
WETHERIAE I8, & MPLuKEF8, ARANKETHIR, . 4R EFHEiR
HH HeisenbergShrodingerd i M 321D, (HEAEE T /152 O R, ERFIT T RETERS, B
BT B

K 19.1.1. EFRIHUERE
WE19.1.1F7R, HTSETZIERFEZS), HAZEA
L =r x p=rmek, (19.1.1)

He, v, me, v P RIRPUERFAE . BT I REMER,
Tk, AN, HRAE R

p1 = ISk, (19.1.2)
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Horr, TREBIFTE R, S RZBIM I,
I=—cf, S=m? (19.1.3)

XH, e M THARILRME, f2R TR B3 CRALE A R E 2 RED . EEE

1 27r
f=7 T=—" (19.1.4)
e a(NEE]
ev
¥z ANK(19.1.2), 7
pr = —%erv k. (19.1.6)
BoEH
Il _ e
T = (19.1.7)
Rk, JATH
e
= 5L (19.1.8)
KR IEMAE 55IE A B AR R R
&R MR SPlanckFE h 2, EXERHEN
L h
M1 = —MBE, h= %, (1919)
Hr, pp ZFTE R /REEF (Bohr magneton),
eh
o = oo (19.1.10)
L/h AL ENHE M) E.
& Bohr# i,
L.=nh, 0<nez (19.1.11)
M B 77 1008 2 B IE ), U RE TR AE SME s Hh R e A
h
w=—py-B= 2;eL-B: 2;eLZB:n2;eB:nMBB. (19.1.12)

R 159, MTEFEFRIXFIEERE NZeeman energy (Zeemanfg) . 74h, B E W, BIRH T2
SR 5 —HUIE BTt N AR AR AR A

§19.1.2 HEEHEE

19254, Uhlenbeckf1Goudsmit5| 3 7 H-FBEE (spin) M, 2FCVHETBEABIE (spin
angular momentum) . B HEMASIREICNES . ¥E/EBohrBUS A B, EMNAIRE, ILAB DK
B G TR IE S S B O A e, Ko7 I B s s BN B . (AR T I AE, X
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MR R A, BN, BERIAADNIE, YHE, B o — N SR AR T, EAT]
RER BRI B e . $IRE T /%, BRI 71— RN BRIk, xR PN 22 18] L R #2 3h
BEAR A WOM KL 12 A A [H) B3N, BRI 2—FimahsE, RPUEMshiE —F, EaHE. B
¥ B R L RN

ps = ——8. (19.1.13)
Me
HE, RPN RBCE I PUERAE RS, EXRTER
S
ps = —2un>, (19.1.14)

Hrp, S/ B H e EhE .
L2 B iE1/2 MR, EEMMARRT, HARMENER 2 28 RGN e rHUE,

S, =+-h, (19.1.15)

Hrp, IESXN T B e b, Sos T E T .
HHANEIATTIE N 2 BT 1R, B S N, T BRSNS T B RS R R A P T RE U

h
w=—ps - B=——8.B= %SZB = i;—mB = +upB. (19.1.16)

e

ZEAReE, EET %M, MUK Z N Zeemanfg (Zeeman energy)
wa, BT RS VBRI 5 B et xE 2 A,

e

B=pL+ ps = —2me(L+2S). (19.1.17)
EAESMEIZ O ) Zeeman BE N
u=—-p-B=(nmEt1)usgB, 0<néecZ. (19.1.18)
§19.1.3 #xHi%E
JRF AT EE E e, MR,
S
o = 2417 (19.1.19)
o = 2%% (19.1.20)
/\q:"
11y = 2.792847337(29) 1ix, (19.1.21)
ty = —1.91304272(45) ux, (19.1.22)

ZKH, un TR NAZBURE T (Nuclear Bohr magneton),
eh

= M
2m,,

[ix (19.1.23)
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Seoft, R IR B S SR Lo T ORI A — %, ISR, SO AEE, IR TR
THARMART, TR AR T, EIERIET (quark) KA.
Rl T B, B TR B HSR R 1/2 0BT, FEEAKRR T JEE AR 2 1
AP AR
S, = i%h. (19.1.24)
T R B T T BURRE T

eh eh
2my, 2me

PRI, AL, Rt n] LR, JATA & 5B T e AT el 1o

UN = = UB, (19125)

§19.1.4 HABRFHIEHSN

ATCLE B, NERPUEREIEE A e 5N I Msh BRI . JAFIE, £/ N1E
MR, fshE a2 . TR, KAt RAR RS . B TR, Aok A5 5 OB A S
<z, HPuE MR RS EEZ A, BUVESR A 15,

7= x B, (19.1.26)

Horb, g RPUEWSE, BRSNS . MfsiREETRE, BATH
dL
dt

R, BANXRBERE R RAMIZZ IR, B35, HATERABERA INEH EMEERNE TI2sh T2,

B, P IR Z MRS R, S RATEERRAE 8, DRk 7 .

=T (19.1.27)

E

pr =L, (19.1.28)

Hrp, v 2 RE
e

¥ = o (19.1.29)
R R R NSRRI TR, 5

dpr,

T (19.1.30)
X PUERAE CER—MEN T KEsh iR . AT, JRATE

dp,

XM R TR CAERTIA R . EE MR, &1 B K7 RN 2 FRIE R, ERI#EN
e = pgcos(wt+ @), (19.1.32)
y = —posin(wt + @), (19.1.33)

e =, (19.1.34)
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oA, gy s py A @ =R EEL T CLRAMERE, 1w WO,
w=|vy|B. (19.1.35)

BAVHGE, WIREESh > N =F0, 0l B ¥, BEEhRED), WACR LS TR tL N4, W& 5%E
H, BT s s sh | T s, w NESIRER.
K IE f s O B e s b —FE,

= s x B, (19.1.36)

Hrp,

ps =18, v=-——. (19.1.37)
m
T2, BAE A e —MEN T 123 e,

d
% — s x B. (19.1.38)

BRIt ENR AR AL, HE R S PUE R — 2.
W1 T RER AR TR AN O L AR a3l Rk, fERDPIESN TRIEah T, AT RO AR, X
IR B A TE B

§19.2 MiLEE

FATCZLREE, BB LIS IS —JERMBE R 1 T B0 5 BAT A 1 A A
T RRMRE T T B T A T REE . JFERD T T T BRSO A H
IR, (BRSNS IPE T, Ho o B 7 s 5l RN A r B AR (RSl Ab) o [RILE, XY
FHA BT A I AL, AL R

P = lim Z‘(/p> (19.2.1)

V=0 ’

Horr, (pg) FoR MR T p; GETFE, VARG, RAEXMATTT VA B R AR 73R4T 10 .

[F LAY BT, BEA BT M2 — R BB 7 7 S5 1B 1 B [ AR AR 51—
FAMRE M5 i T B T A BB . §i, Bl Mo . Ga®* . U | Al CrK(SOy)-
12H,0 , %%, CATE A REH AR TFFE. 5, flinHe . Nev Ar. Lit . Nat . KT, F~
Cl” . Br . Au. Ag. Cu. CO,. Hy. Ny, 555, EAI#EEWHTEZM.

T HE R, B EE T P, HARNAAE R R E AN T, DR Z BRI 7]
HAEH,

T=pxB. (19.2.2)

ZAE RE AR 7 ¥ 5l A2 A 7 i, ROSIXRER S, A58 T R G R IR,

u=—p-B. (19.2.3)
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AW, ARG T AT, WLRERGRA PR RN, EARE T, a7 Efa#E
3, PasIHREL B A FHS, BIKRGRA PR, RGBT L. XPMXLNIZES), 17E
8 R T BT, AE AR 5T N BB AR AR 1O 5] SN 07 1), ABRNRR S AN 58 AT AT . Xt
MR R (magnetization) . IEWIFRALTESE, A5 R41LSBE (magnetization) HKeHili 'S A i (I
HREE,

M = lim Zé’” (19.2.4)

V—0
[FIRY, X () FoREARN T p; KIS,V RAEUT, SKRAEXMARIC V N IREASR 1317
1. R,

(i) | B, (19.2.5)

M, RGBSR AR 5 M B 14T,

M || B. (19.2.6)

XH, A A AR AR T R I AN R, 385 1E 2 e (paramagnetism)
X5 T RMEAY I, AR IR B RO RN S B OB A, AR E N AN A, dn i 19.2. 2
s BN T R B TR T SR S NIRRT N F O R T — MR T,

I

& 19.2.2. Wikgk

BN B F (induced magnetic dipole) . ANit, BN FEARMFAF T [ G BN F, © & 54Mii
SAPATH, AR FPATH . 2RI EL, 55 280 R N ORGSR AR 7K 3R B0 X AN i v, AATTHR
Z NI (diamagnetism) o [FIFEHE, FRATTH AT DA 5] 3 RE 0 58 B R4 5 A R I A AL AR S

T Zz<l’l’l>

[FHT, X H () R BAENR T p; G T, V RAEG, RAZHARIT VN R A
W AT . SR,
(mi) | =B, (19.2.8)

R GUHENE AL

HAGTR AR, X T 28— A B, HARN I 7 57 B8 1 1T B e AR N L A A A
DR g 2ear 55 PR SR L R RS, R R M B FH o AN, TR A AR LU [ AR 22 99 19 K %,
1A LR AN T WA RS SR i, TR A R A i S 2 R I R
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XTI, ETEI N R R T =i e, 45 R, fEREMIE R & (critical pomt),
ARG KAEHE (phase transition), BRKERIK, BKA AR, BUKERAR M. EilRF
DA, 55 —28WA o nl e it NERIEAE « BURCERIAAE . BORIEAR, 5655 . X T ERBEAR AL 2k iiAd , R
SN B NE, RGEMBIACTREE M AWAETF . 0T WA, 5 M B NER, FHgBiAGsR
WAL TR FE MUANSE T8 . X SeH g T [ A0 A& TR NS, XERAZ YT

§19.3 HAMLER

FE G2 BB 728, WA R AR, it AR A S AR N (701 TR B0 AL A
B AR T BB 7o AT, NITIER A BUESAL, RIRALSREE P ORI S A FRAESN I T
frsedl, FIMAALSEE MRS A JRAE SN T IR . 3XFE, P AT M t# 2R &,

P=P(r), (19.3.1)
M = M(r). (19.3.2)
WAL, FTAVRISHEA BT X T HARAN B MERTT dr’ , BEABRIRHE
dm = M(r')dr". (19.3.3)
WRIEER TR REHAN, FRERFOTRER N
r—r

dA — @dm w T8 Py« BT gy (19.3.4)

r —r']3  4r v —r'|3

nE19.3. 307, FEMIA Y AR —/NRIXIH Q o Oy 7 O7 8, FATKEARARIE R O GEAE /R X 35

g 72 . U

K 19.3.3. /NN IR 2R

ZWo Tk, ElH AP KR ERA

= [ aa= [ MG T g (19.3.5)
Q |I' —r'[?
ERE
gL _ror (19.3.6)
r—r/| |r—1/ o

Horp, VSRR BUBBEE, BATH

A(r) = Z—;Adr/M(r/) % (19.3.7)

r—r|’
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MHRED A,
V x (f) = (Vo)) x £+ 9V x f, (19.3.8)
AT )
/ / 1 o / M(r’ 1 / ’
M(r') x V F— -V’ x E— + = r,|V x M(r'). (19.3.9)

R ZRNKREHRIEN, 7

_ B o, M) uo/ : : :
Ar)= g /er V' x F— + o er = r/|V x M(r'). (19.3.10)
FRH R B HT IR RS A,
/de x f = %ds x f, (19.3.11)
S NEE]
/dr’ 7' x M) :y{ds’ o M) (19.3.12)
Q v —r'| r —r'|
a= il
ds’ =n'ds’, (19.3.13)
TAH
/dr’ vk M) —j{M(r)xnds'. (19.3.14)
Q v — 1| v — 1|

R ZRNREHRIEN, 5

A(r) = % f W / %; j Wdr’. (19.3.15)
5, G AR — USRI HIR I TTER, EEREE N
K,, = M x n; (19.3.16)
AR U AR IR TR, RERIREBE A
jm =V x M. (19.3.17)

X, K, fj, ¥kE TR, SRR (magnetization current), BT A GEAEET
NRHIRL SN, NN BTRA, ARER BN BIMAAE, EARE FEN I, #E TREBR
(bound current) .

MR wA B, FATH

A(r) = Ho [ Ku(r )dsl 4 Ho s (r') dr’

T dr [ r—r| At Jo v —1/|

(19.3.18)

B(r) = VxA

_ po R x@or) ot [In) X ) g 5 )

ar lr —r/|? 4 Jq lr —r/|?
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§19.4 HiiHRE

AV, FrkA L R
VxB = uj (19.4.1)
V-B = 0, (19.4.2)

Hrr, JORMIREE . AN BUITEOL T, RSN AU AFEME T B B EIRAR R, 5
HIL (free current) A G LAy T <g i o ) L7300 Fifar B HLIRL, B RE AT LME A BT, tHA]
DRI . AT RIRAG IR, i BT ik, B RAEE Tz, BEAREE AN BT, A
REfE A BT IR, FEAFERN BRSO, JATH

J=Js+im, (19.4.3)

Horb, jy NEBERRUE L, §, ARSI (FACRRE D . H LA TT2(19.4.1), 15

V x B = po(js +Jm)- (19.4.4)
EEE
jm =V x M, (19.4.5)
TR N 5E FE B e BE W] LAE Ry
V x B = pojs + oV x M. (19.4.6)
KA a5 IR e, ARG WA R B A o » BRATIER
B
V x ( — M) =iy (19.4.7)
Ho
#E X
B
H=——-M, (19.4.8)
Ho
lES)
V x H = jj. (19.4.9)

R E H ONFAMRE (magnetic field intensity) . @R AR ED , #idnmE H &2 —MibhE.
FEA L2 ATy 2 5 I TR T B AR B LR SR B o AR, AELERLN BN, Wi H
5 B BRI R )N A SR, Koy E BB e LERNE . 5k, Sy, BRSRE B
MM &, KA S AL & B A DR ML,
B = 11o(H + M). (19.4.10)
IER G, fErESE, HisnamE H &+ mE,
SME Z, EAFEN TR, BATG I 7R

V-B=0. (19.4.11)

V x H =jj, (19.4.12)
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ﬁqj’

H-5 M (19.4.13)

Ho
VEHNTEI AN Z6 A5y, R F GaussFIStokes A, FRATIFARRL AR 7 R4,

7{13 Lds =0, (19.4.14)
?{H Ldl= 1, (19.4.15)

Horp, Iy 5 2 B m B B B
N T RfE LR TTREH, BATERE EHIE M A H Z [FFK R,

M = M(H). (19.4.16)

XA FTE I AKX Z (consitutive relation), W SJ24E, Bl 2N R TTFE . A R #4
B, AWK RZEANFN, ©RME T ARRRE . B E SRS % m R 2 a k), RATE

M = ., H, (19.4.17)
Hrb, v, M REL FRZ NEEEER (magnetic susceptibility) . $ 2 AR H #E LA, BATA
B=pH+M)=p(1+ xn)H=popH=pH, (19.4.18)
o, 28V /B p NS ER (permeability) p, FONMEITHESER (relative permeability),
s =1+ Xom. (19.4.19)
X IEREA R, M5 H R, K,
Yom >0, > 1. (19.4.20)
B,
Os, Xom = 1.8 x 108

Pt, Xm =2.7x 1077 T = 20°C. (19.4.21)
Al X =2.1x107°

XHFHuEA R, M5 H e, Fi,
Y <0, < 1. (19.4.22)

#i4n,
Hy, Y= -23x107°

H,0, xom = —1.2 x 107
No, o = —0.7 x 105
Ag,  Xm=-25x1075

T = 0°C. (19.4.23)
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S b, WEEEAT R GTREA R R 2 X 7 . FAVEE, EARBSIs, BN T2 718

f=(p-V)B. (19.4.24)
X RAERRARE A, BN
F=(M:V)B. (19.4.25)
FIHAN KRR, ATH
F = j19Xm(1 + X)) (H - V)H, (19.4.26)
o
1 xm
= — B.V)B. 19.4.27
TIESTRAAE (19:4.27)

AL, PSRREEA BHE AR S T 2 007 R B . BRI, AT R UM T AR ST 1, i e 4 b e
FINERLYE S DU . anE19.4.4077R8, I —BO5 FHESAE 9 N B, R SRom R BRAE 9 S 4, IXFE,

N —_— S

B 19.4.4. NAWLAELS BUREASRL

FEPIR 2 18] )23 18] X 3t Be T IE 41 503 . AL DR IERERSRE, Bi ABTREAEL, EATRIRZ 177 M2 M
S o

§19.5 HIIARNBEXR

K 19.5.5. BEAAE R R

WE19.5.507R, B—A - FE TR A S b, MBS R e, 18
j{B .ds = 0. (19.5.1)
XTI AR Sy, AR E e B, RATTA
B, - (ASe,) + B, - [AS(—e,)] + o(AS) = 0, (19.5.2)

Horb, By M1 By 200l B MR ERHE, AS ZmFET B NIREKTER, e, KIS
AER, WA RN B2, 78 L, 0 mss—Mes e F-r &y L. PRk, 5
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=W TR, X Ry & R T, T R AR S TE T b e F EAPTAERELAS I
ST LR TS, BRI AS — 0, 7%

BQ e, = B1 c €y, (1953)
ey
QAR TEMREA BT RS S b, BRI S B B i 1) ) B SR SR
AL, B i~ 22 5 P B 5 FE I A o )22 S b, TR ) 22 R IR s A, 45
?{H Sl = I, (19.5.5)
KT LMWLy, R EEHE, HATH

H, - (ALe,) + H; - [AL(—e,)] + o(AL) = I, (19.5.6)

Horb, Hy MUH, 7352 A seE HAE B N B e, AL RSP L TP, e M
VIR, L3, RS — 5 — 002 - b TR TTER, =002 ML otk X
T2 R A Bl B R AP 1Y), P sk e B TG 55 /e o EXNPIARREL AL, Ffibm P2 853 B
P TR A, R BARIR AL — 0, 15

Hg ~et—H1 - € :Kf, (1957)

)
H2t - Hlt = Kf, (1958)

Horb, Ky 2SR A s R . WL, R TE N, W R S BAE P BRI AE
G b SEAELE .
N Ky =0/, ®A14
Hy, = Hy,. (19.5.9)

BRI, FEPIRLA R AS S b, IR R VN A 2 BRI S . KRR, X T EGRAN B, BUAA
A REAAAE H AT FAL, BB R B



