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1.1 Maxwell FFEHK S H

1 Maxwell B3 FE

1.1 Maxwell 7415 B

1.1.1 W SP e A

Vgt o)+ 288 (1.1)
ot
TR, PR, 2 = o A
V.J=0 (1.2)
Prop.1 FRIEHEAZRIAEXR
n- (JQ = Jl) =0 S — Jgn = Jln (13)
Thm.1 FEEIERIEN
[T BEWIHRE] + [ 18] %5 B B B TR AR 4L 2] = 0
TR IE S 7 FE B S E T R
1.1.2 iy
_ 14
F = pr— (1.4)
Hbr=z—-a r=|z—2|
Def.1 HIFEE
dt Flz) 1 p(x)r 4
E(x) . e / = d (1.5)
s (1.6)
T T




1.1 Maxwell FFEHK S H

(1.7)
(1.8)
Thm.2 FREIFHIEE: BIAH Gauss EIE
(1.9)
V.E(tx) = p(i’ 2) (1.10)
0
Thm.3 FREIAEE
V X E(z)=0 (1.11)
_ 1 / ;T _ 1 / I 1 o 1 p(wl) /
Pf E(x) = o /p(:c)d% 5 I /p(az)d% V; =-V (47!:50 /Td3az>,
def ¢(:c)
=V X E(x)=-V x (V¢) =0.
Def.2 HFRE
_ 1 [p) 5,
o(x) = y /Td% (1.12)
1.1.3 Wi
(1.13)




1.1 Maxwell FFEHK S H

V- (VXA=0 (1.14)
VX (VxA)=V(V-A)-VA (1.15)
Thm.4 FHEARNE
V-B(z)=0 (1.16)
PE Jir:—Jxvlz i_VXJ(m’)’
T r T r

iB(m):&/VX@d?’m/:VX (ﬂ/’](wl) d3x/>,:>V-B(:c):V-(V><A):O.

V.B(t,x) = (1.17)

Alz) = Z—;/de (1.18)

Thm.5 EHIAREE: Ampere I EEER

V X B(x) = wJ(x) (1.19)
Pf V-A(x)= @/V J( )d?’ V. J(‘”) :V1 J:—V’E-J: VT'J—V’-%.
S A, A V- T _o/v’ Jd3’:§I§J % =0, = V- A(z) = 0.
r Coulomb #HyE
/v? ) dPr — —,uo/é( V(@) P = pod (). = VX B = 1o ().

. e re; e,
V X B = ; 0. 0y O, (1.20)
B, rBy B,




1.1 Maxwell FFEHK S H

1.1.4 BEA WY
Law.4 Faraday EBREREN ERE
Ao
&= 57 (1.21)
Thm. 6 B4 HIZMGEE
V x E(t,z) = —83((92’ 2) (1.22)
Rmk ARGk B A T e 3.
_ __dPp __d __[9B
Pf éa_ygE-dm_—F_/(VXE) ds = dt/B ds = > ds.
1.1.5 ML
Def. 4 {IFZER
OF
Jp = 505 (1.23)

Rmk A I .

Pf 0:V°(VXB):MO<V'J+%>:M0<V'J+€0%V'E>:,uov'(J—f—JD).

Thm.7 F#IAMGEE: Maxwell-Ampére EIE

E
V X B(t,il?) = /L()J 4 Moz‘foaa—t (124)

1.1.6 B H Maxwell JiFE41

Thm.8 HEZH Maxwell HF24H

v.E-"
* 9B
VXE=———
ot (1.25)
V-B=0
OF
VXBZ;/J()J—FM()SQE




1.2 A R R R

1.2 BRI DT AR

T BIXFSMF R Nl

S IR AR 5 73 B P AR AE 5 201 AR I A WA A AR A B 1) 2 IR 1, S EU B
(s 5 AL AT, ORI LG 5 AN S N N S 3.

otal = P+
{pttl P T PP (1.26)

Jtotal =J aF JP + JM

Hrb p, J SR E B AT EE S B RS R, Bl NN o, LEEN A

1.2.1 At
Def.5 HR{L5EE

) 1
P = A1‘1/1r£1>0 NG ;pi =np (1.27)

Prop.2 HRCBRIENESFH

pp=-V P (1.28)

Rmk BSIRALRIN TR A, SRAL G R AT B e L5 0 o 5 A

Prop.3 #RILEEHIE 2%

op = —T - (P2 — Pl) = —(Pgn — Pln) = 80(E2n — Eln) — 0 (129)

Hr n MMATR 1 FRIA R 2 BISRARRE.

Pf opAS = —ygn -Pd*r = -—n-(P,— P)AS.

Prop.4 #RUCER

e S=A app aP
Pf Hf D ‘E . = —— = - —
T HLT SRR, V- Jp o =V o



1.2 RS TR

¢ )
i

I RAREIEIRRAL, RIRRACSR N E RE P, HABUN vV, WL EHRHES

Protal = PV (1.31)
6 )
/V.Td?’x:yg n-Td%x (1.32)
2 02
Prop.5 MM ATRAZEBEIAS
F = /pEo +P.-VE,d%¢ (1.33)

Pf F:/(p—l—pp)EOd?’x—l—ygUpEonx:/(p—V-P)EOd?’x—I—ygn-PEde

/(p—V'P)E0+V'(PEo)d?)LE:/pEo—(V'P)E0+(V'P)E0+P'VE0d3£E

=0

1.2.2 ML

Def.6 HifL32E

. 1

i

Prop.6 WiERBES T

Rmk py=V-Ju=V-.-(VXxM)=0.

Pf IM:/JM-de:ygniS-dw:ng-dm:/VXM-dQ:B.
—

=nm

Prop.7 WHHERBESH

1
Ky=nX (M2 — Ml) = ,u—n X (Bg — Bl) - K (136)
0

Prop.8 WifLEIRINE )T

T = §I§M cdzx (1.37)




1.2 A R R R

A FAREI AL, BIREAL SR N R M, AR V, WL SR

Miotal = MV (1.38)

1.2.3 it Maxwell 75 FE41

Def.7 HAZXE

D=cE+P (1.39)

Pf V.E="" V.o E+P=).
0 ———

Thm.9 HIHXER

def

X2 ) R PR B3 ST 2R A A i, (BB A T A 3 R 2 B e 1, U P 5 B 24k
B P = xeeoE, Bt xo AN FRIIBALE.
We==co(l+xe) =coer, Wl D5 E HLHERXR

D=cE (1.40)

Hep e NN HHER, BIBEE; o, NN E, SO AR
L XFAESSI t, HoAr B v 37 s B eR AL

D(x) =e(x)E(x) (1.41)

2. R EIPHEA, HA 0H BRI <, A TSNS (OHI5

D, = e EB° (1.42)

3. M T AL, D X E R4

Dy = €y E° + €ap EPE° + €apeg EPE°E* + - - (1.43)
Def.8 HiiH5EE
1
H=-B-M (1.44)
Ho
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1.3 S HIAER R

Bl B = pioH + pioM. & M = xmH, 1= pio(1 + Xm), W
B = uH (1.45)

Rmk JE¥5). BWURE. IRLMEA BRAIHLIZ 98, W5 r AL SR 2R Db 5E S

Thm.10 TRFH Maxwell 5FELH

V-D=p
0B

VXE=—-—"—
ot (1.46)

V-B=0
oD

VxH=J1+?
o

ptpe _p-V-P

Pf V.E= ,=>V.(6E+P)=V-D=p.
=0 ° E B
VXB:,LL()(J—FJP—{-JM)—F,U()E()—:Mo(J—i—VXM)—FNQ—(SoE—FP),
=D
0D
=V X (B/up—M)=J+—.
=H
Thm.11 ZAHFIE
D=c¢cF
1
H=-B (1.47)
ol
J=0cF
1.3 WA R £
D-dZw:/pdgx
o082
E- da:———/Bg dx
0 (1.48)
B.d’z=0
o
H-dw—/J d2a;+—/D - d%x
ox
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1.5 Lorentz 7/J

Thm.12 RO FEAEMENLERX SR

B AR 1 HRAAR 2 RRAER R,

(

n-(Dy—D))=0c
nx (Ey— E;) =0

(1.49)
n- (B2 - Bl) =0
n X (H2 = Hl) =K
RISy
D2n - Dln =0
FEy=F
2t 1t (1.50)
B2n — Bln
| Hot — Hip = K
1.4 Maxwell J FEAL AR *
1.4.1 2R RRE
1.4.2 Lorentz 24k
1.4.3  MIEAPRE
Def.9 Lorenz M3t
1 9¢
VoAt 5o =0 (1.51)
Def.10 Coulomb #3E
V-A=0 (1.52)
1.4.4  SPAT ARk
1.5 Lorentz }]
Def.11 Lorentz hZE
f=pE+JXB (1.53)

12




1.5 Lorentz 7/J

Def.12 Lorentz /I

AT g, AR v 383 1 R AE A T T2 0N

F =qFE +qv X B (1.54)
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2.1 HI

&
i

2 HLMEIAR ST AR
2.1 WphEE

2 d 3 3.
yggS-da:—l—a/dex—l—/Qf-vdx—O (2.1)
Thm.1 BEETFEEMHIER
V. S+%£+fv—ﬂ (2.2)
xR R R Q BiaAdlE, A5 ETeREE RS, B
¢ S.d’x =0 (2.3)
002/c0
HLRG 7 e -5 T FAR BN LI RE P A LR AL
3 __i 3
Q/Oof vd’z = v Q/Oowdyc (2.4)
(2.5)
(2.6)
(2.7)
T30 % 1 [R]) E FR 2) 5990 ol
S=-ExB w:lGﬁ+1y> (2.8)
o 2 I

14




2.2 HiEhE

Pf /f-vd3g::/J-Ed3x, J-E = (V ><H+aa—lt)> -E:E-(VXH)—E-%—IZ.
E-(VxH) —H-(VXE) -V-(ExH)——H-°2_v.(ExH)
oD OFE-D 0B O H-B
AL I Nt N .
EA ARG, NE E 5 a3 % = 2
if-v:—V-(ExH)—gE.D—FH'B
—_—— ot 2
i def
2.1.3 WA IS5
Ul
5= 2772 ln(b/a)ez (2.9)
]2
‘ e‘
2.2 W E
2.2.1 ZhwEsFEa
Def.1 Minkowski HZEE
fm=pE+J x B — %EQV&‘ — %B2w (2.11)

15



2.2 HHIpEE

Thm.2 HHEANHEEE

0
fut+t M _ .7 (2.12)
ot
oD
Pf f=pE+JXxB=(V-D)E+(VXxH)XxB—--—xB.HV-B=0,

ot

VxE:—aa]f,ﬁfz(v-D)EHV-B)H—;(DxB)—Bx(VxH)—Dx(VxE).
EE{BX(VXH) (VH)-B - (B-V)H %{(V-D)EjL(D-V)EV-(DE)

Dx (VX E)=(VE)-D—-(D-V)E (V-B)H + (B-V)H =V - (BH)

f:V-(DE+BH)—;(DXB)—(VH)-B—(VE)-D
H V(D-E)=(VD)-E+(VE)-D,VD-E=V(cE)-E=FE*Ve+(VE)-D, f
(VE)-D =3 |V(D-E) - E*Ve|, [ (VH)- B = ; \V(B-H)- H*Vpl.
X Vo=V - (¢T), {13

N —

f-ipve_lmvi- _v. [1(D-E+B-H)I—DE—BH] _9 px B
2 > > TNl

def
T gm

def def

fum

Law.2 FFHRAERBEIETIEER
MFIFAER Q, AR SR SEBRURET N Q ShEIL T 002 WK

&, AP

dGech dGep 3 d 3 2
el R ¢ T 2.1
y + r —/fMdJ:+ ; gud’z ) n d“z ( 3)

ST H R Q Bl oo, T A RN R kA0 &7 1E, B
L G+ G = [ fude+ L &3z =0 (2.14)
dt mech em Q/OO M dt f)/oo am 0

— Gluech + Gem = Const (2.15)

16



2.3 HHfshE

2.2.2 s

Def.2 THEZE

B s &% R EN
gu=D X B (2.16)

HARR 7 BN 2 A R 3h &

Gem = /gd?’x (2.17)

B R 5 el LT A A .

gu =pucE X H = el g (2.18)

c2

2.2.3 ZIER%JE (Maxwell M 15K )

Def.3 HEREE

T:—DE—BH+%(D-E+B-H)I (2.19)
T,; = —eE,E; — 1BB b ( 8B + 6”B2> (2.20)
2.3 WM
2.3.1 AP EE
xx (V-T)=-V-(T x x) (2.21)

Pf x x (V . T) = sijkxi(V . ’T)jek = eijk:vialleek = sijké?l(xile)ek — sijlejéilek.
————

=0
-V (T X m) =-V. (leelej X xiei) =-V. (elxileejikek) = sijkﬁl(x,-le)ek.

Thm.3 MAERXNESE

ol em
ot

— V- Mo (2.22)

17



2.3 HHfshE

dgw Ogwm

Pf H fu+—— 5 =-V-TAffzX fut+z X — Ty =—-xzx (V-T).
891\/{ - 0 de def Olem
ot ot ® X9 g X9
—_——

=0

HEIH, —z X (V-T)=-V-(-T X&) =L -V - M.

Law.3 HFHAERMANETEER

d‘-Lmech dLem . 3 i 3 . _\% 2
& + - —/Q:I:Xfde—l—dt/Qlemdx— ann M d°x (2.23)
STFEEE R 2 B 20E oo, W AR RN M 2 &5 G f sh & e, BY
i(L + L )—/ x X f d3 —l—i lom 32 =0 (2.24)
dt mech em) — /00 Max dt /o0 em A" = .
= Lycch + Loy = Const (2.25)
2.3.2 MwEE
lem = T X gu (2.26)
2.3.3 Mz L
M =-T Xx (2.27)

18




3.1 EREEs

3 ALY
& )
V.-D=p
VXE=0
D=c¢FE (3.1)
mn- (D2 — Dl) =0
n X (E2 — El) =0
3.1 fifrHL
3.1.1 LB MHT A
Prop.1 HifBEREHBIERR
E=-V¢ (3.2)
0
=t (33)
d¢p = —E - da (3.4)
& )
W o(po) = 0, BIEL py NS5 AT, NI
D
(p) = — / E-dz (3.5)
Eg.1 mEfHEREE
) = for (3.6)
Eg.2 H5HIAREREE
WIS Ey MRS ANS % A, N
¢(x) = —Ey-x = —Eprcosb (3.7)

19




3.1 EREEs

dz
/ N :ln(z+\/z2—|—R2) +C (3.8)
Eg.3 RRKTHEZIFHED
e S ERR K B A 2R By A, IBE RS R AR N
A R
»(R) = " e In i (3.9)
Prop.2 Poisson 5%
Vip(x) = —@ (3.10)
Xt FAFAE B FH R A7 A4 73 A7 PR X 8B
Vig(z) =0 (3.11)
XF 176 R AT A AT B XA
3.1.2 JUMHKA
Thm.1 NERISFERNEEXR
P2 = ¢
D6y By (3.12)
528— - 818_71 - v

Pf 6y — 6 = — / "B de o 0, B R REALEIES A gy = ¢y RAFIF
p1
T 7E B R4 0. 1) Doy — Dy = e9Ean — £1Eyy = — (5 092 _ ai) .

> on c on

Thm.2 BENRDFENBEXR

P2 = 1
Con__onn (3.13)
> on "on

PE S5 A T — T K i A0, B ey By, = &1 By, B 52% = 51%’

20



3.1 EREEs

Thm.3 SAEFHIAEXR

BEPRRIE B d AT A8 o, SMUA BRI B H BN o, WHIER RN

®|surt = Const
O¢ o (3. 14)

on ¢

Pf HinxE=05n-D=0c 515.

Prop.4 SihcREBEHBEGT=E

A PR A B AR 5, A AR TS B AT Ry

Qr = §1§ deQx =—¢ fg—i d*z (3.15)

Eg.4 HESFAIKZTHIARFHE
B ABRTE L Q, WANER AN Ry, Ry, oSN DN d1, ¢o, N

. a¢2 2 ¢ a¢1 2 Q
yg:Rz o d°z + = dz = = (3.16)

L AERTC B H AT, RT3 AT T R I
2. WHBHIZAZE;
3. WA SRR NS M, B FENFHRE.

3.1.3 #ayhe =

Prop.5 BHEARDEEE

1
Woo = / p(x)6(z) (3.17)
37 &4 > 1 INU=Nrq E-D
Rmk RESHEEEEN WQ=§/E-Dd3x, e B 2% 5 we:T7A%¢.
(9]
1 3 1 3 3 1 2
Pf Wo=-| E-Dd&z=—-—| V¢-D&z == | poPx— = [ ¢D-dzx, 4
2 2 219 2 (7 2 o5
2 =00, ¢D ~173, 002 ~ 12 = W, = 3 pp dix.

21




3.2 FHIME—VEE R

W AR, Hisr oA R, 4

Wcond — %Q(b (318)

/p1¢2d3$:/p2¢1 dsl‘ (319)

Prop.6 Efa{FRERHEELIERRE

Wias = / Phert (3.20)
Q/
. o . 1
Pf & P Pext #ﬁzﬁg% EE%‘%\%IJE ¢7 ¢ext' Wtotal = 5/ (p + pext)(¢ + ¢6Xt) dSZJ?
240y,
. 1 1 1 1
@ﬂ:{%{‘ Wtotal = 3 / P¢ dgx, + = / pext¢ext d3l'/ + = / p¢ext d3$, + 3 / pext¢ de/; é:FI':/E'\
2 o 2 Qéxt 2 o 2 ‘Qéxt
=Wserr =Wint
Green H. 5 & #AHIE.

3.1.4 Earnshaw EH

Thm.4 Earnshaw EIE

UEERS L), IR R T 4E RS AR RS € 10 /1 2 PETIRES. S8t A S A BRI B i i fiy
oA XY, AN BE A BIARAE.

3.2 ffHLME—PEEPE *
Thm.5 EREIFHE—EEER
CENX 2 NI RN B B e(x), &4 T
o 2 WIHHEBMI p(x);
. M5 002 EIY
— B dsg,
. w0
— HBHER S 3
n

of?

W 2 AN I, B 2 P Poisson J7 RRMIETEARZ —ANE R AR U HE—.
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3.3 BBk

3.3 Btk
6 )
L A

(a) SRAEXIAD T A —E XS FRIE.
(b) SKREXIRAN A th AT DB, RS ¢ AT E S AR AR

(c) 345 I THT FLAf SRR AT FELART, X SROAR X Sy i 54 7 2R I RCR, AT AR
(EEAR=S

2. FESRME XM G NGEAR AT, TSRAR X I BN drota = ¢ + &'

3. AR W A B S Hfr &, A A R A SR A, AR 9 i H b M — 12 v B
Grotal BIFTSK Poisson 77 FE I f#;

4. Wt BHHGEGRBEA I REXERN E 5 F, 45 Ef o,

Eg.5 ZIRXEZEMWSEHTE

RO g BRETCPR I AT TN o, WHAZE N (0,0,d), WEE A ¢ = —q, fLEA
(0,0, —=d). KAFIHHIHEF N

1 q q
¢(z,y,2) = — (3.21)
4meq \/x2+y2+(z—d)2 \/x2+y2—|—(z+d)2
RN R A T 5 5N
_ o . qd
o(z,y) = —€0 5~ T Tm@r s (3.22)
SV VAR il ,
Q= / o(z,y)dedy = / /0 o(r,0)drdfd = —q=¢ (3.23)
—00 r=0 =0
AL ST o
F(z) = g (3.24)

 Ameg (22)? ©:

Eg.6 &SRz

ﬁ%ﬁqﬁ%¥@ﬁ3mﬁmEWWﬁ@ﬁdpR%M%@@ﬁdz—g%ﬁ%w@ﬁ

23




3.4 Green PREE

Rz
d = . RARSIB A

Rq
1 q d
0) = - 3.25
#(r,9) 4meg | V1?2 + d? — 2rdcos @ R2\? R2 (3:29)
r24+—| —2r—cosf
d d
o FURERAN M, T AT Qo, TIER N FE A i) ZE O AR5 FEL AT (1) 22
R N R?
1. ¢ = ——q, EEIRLN d = —;
d d
2. ¢" = Qo — ¢, LT ERL.
KRB A A
R R
o) = d ! LETC (306
, = — —+ .
$(r.9) dmey | /12 4+ d? — 2rd cosd R2\ 2 R2 T ( )
r2 + <7> — 27“7 cos 6

Eg.7 (H&EEMBF

AN B H BT, BRI, AT (PR 4EBRM) BO3R ARk, 75T 2 B4
1. BRETEGAET + BR SR : 38 % A BRI KA.
2. PIAHACF IR : AN /n HAHIALT 20 1L AT

3. VI ++ BRI B BRCo B S 2 (o7 TP T B AT Skt BR T B T R AR ¢
¢ 58— RNBER AT ¢ MPHEEER, B2 —q¢ M1 —¢.

3.4 Green WK
3.4.1 #M Green WEFr

Def.1 Green BR#

Green BR EUN A IR 52 M0 bR B

d(x — ')

V3G (z,x') = — (3.27)

T R B — R EEE 2RI A
Gp(z,x')|s =0 (3.28)
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3.4 Green PREE

8GN8(:, z)| _ _é (3.29)
S
/ SV +Vo-Vods =@ ¢V -de (3.30)
p] o082
Pf V- (V) = Vé- Vi + oV,
[ oV -uvieda— ¢ (6Ve-vVe)- Pu (3.31)
2 o052

Pf V.- (VY —¢Ve) = (Vo Vi +¢V2) — (V- Vo +4V2) = oV — V24

Prop.7 MREIRR

Xt T 2% [ R PE A 2 R4 2J 97 5, Poisson J7 A2 IfE N

G
o(x) = /n/ p(x)G (', x)d*x’ —I—e&é G% — (/)6—

d*z’ 32
Iod 371’ 371’ . (3 3 )

Rmk 0 Ga!, ) BRI, T o) 15 o), 2220 it

Pf % Green 2 H %4 ¢ =G.

2r_ o2s s [ G &)p(®)  px)d(r) 5 1 N3 o)
:>/Q¢VG Gngdx—/Q 5 . dx—g/gp(m)G(a:,az)d .
9, oG
:>¢(w/):/np(w)G(ac,w/)d3x—|—6 MG@z—(b@nde

WORIE B x < o', B Green BREC 7 55 S5 VF SR RRME, 1540E.
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3.5 Laplace HFE1 7 &A% 812

3.4.2 Dirichlet W1 n) 8
3.4.3 Neumann P58

3.4.4  JUEFFAR DA B Green AL
3.5 Laplace JifE[)457r #5722 wik:

q

4

27 CL ISR A P 1 LT P2 A (R AR b, MIAT 4> Poisson J7 R AIMRA
¢ = ¢t +¢ (3.33)

Hrfr ¢ Wi 2 Laplace 718, A] 7r AR BFORM o, FA R A2 IR BAG 2] o

3.5.1 BRIk U

10 0¢p 1 0 . 00 1 82¢
2 2
V3¢ n . = .34

r2 Or (T (97”) r2sin § 00 <Sl b 89) r2sin? 0 0p? 0 (3:34)

Thm.6 ¥kif, Laplace 5 12RYEB AR

WHAN ¢ = ¢(r,0,p) = R(r)O(0)®(p), Al 1510

¢ = ,;),,;0 [(A:L”r" I r"_il> P (cos #) cosmep + (C’glr" 4 Tn—_tl) P (cos @) sinmeyp
(3.35)
Thm.7 HFRER
e O P .
” £ — 0, B = 0 AR AR AR
0 Bn
6= (Anrn + Wl) P,.(cos 6) (3.36)
n=0
Thm.8 IKITFRIEMRE
i 8 , -
200 _ 00 _ ) m g — = 0 ATEERAERER
80— dyp
p=At+ S (3.37)
;
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3.6 HEZMH *

3.5.2 ALk E *
3.5.3 TR *
3.5.4  [B|Isk) i

2, 10 (00) 18¢ _
V¢_r8r "or +r2802_0 (3:38)
Thm.9 [Eif Laplace FiERVEHE
WHAN 6(r,0) = R(r)O(0), W15iBf#
¢=Ay+ Bylnr + Z(Anr” + B,r~")(C,, cosnb + D,, sinnf) (3.39)

n=1

3.6 WA *
LI IETT S R T AN X IR, L2885 370 37 /N T 5 513 5 1 B

3.6.1 [FHLIIY Z MR IF

o) (3.40)
3.6.2  LHMRIE
Prop.8 H{BRFHIEE
_ 1t pr
¢p—4mo 3 (3.41)

Prop.9 H{BRFHIEIS

1 3(p-e)e.—p

E =
47[?50 r3

p

(3.42)

Prop.10 HERFHBEEZE

Py = —p- V() (3.43)
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3.6 HZHHE *

3.6.3 WL

D.s = /(i’m’axlg — 1845)p(x’) &2’ (3.44)

3.6.4 AL £ AREIF
3.6.5  FRIkH Y AL Z AR JH

Ho(1—m)!
Pifeosm)i= D5 El—l—m§!

m=—1

P7"(cos 8) P (cos §')e™(#=#") (3.45)

HA cosy = cosfcos + sinfsind cos(p — ¢).

4 .
A = s [ pl@)a Y70 ) (3.46)
V/
475 / 1 Y* 6/ /) (3 47)
B = A1), p(@ )T’l“ im0 0 :
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4.1 R

4 Y
VxH=J
V.-B=0
B =uH (4.1)
mn- (Bl - BQ) =0
n X (H1 — H2) =K
4.1 WK
4.1.1 HERBMIH IR
Prop.1 H#RRNBEEMNEEBFRR
VXA=B (4.2)
Thm.1 #MRBBHEALMHE
T < 3433 2 BT AN AR M
B =VXA=VXx(A+Vx)=VXA+Vx(Vx)=B (4.3)
=0
— & E 3R Coulomb #EVE
V-A(x)=0 (4.4)
Thm.2 ##4KX¥EH) Poisson 12
VA = —ud (4.5)

Pf VXB=pyVxH=pJ=Vx(VxA=V(V-A)-V2A=—uJ.
=0

I

Eg.1 ZIRKHFERESFL

TR B LN » HlEA iR 1, WL ro A RATE, W r LHIRE A

(4.6)
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4.1 RERH

Eg.2 135415

B B = Bye., WRHN Va e R

Ale,y) = [~aye, + (1 — a)re,] By (4.7)

4.1.2 MMExXF

Thm.3 WERBHIBEXR

Coulomb }E

nx(Vxé—Vxé>:K
H2 H1

(4.8)

Pf A-d:c:/B-de—>0,:>A2t:A1t. V'A:O,:>A2n:A1n,:>A2:A1.
X

ox
A A
2 M1
4.1.3 AN e
Prop.2 #iIARNERES
W2 AL AR X, T X
W=-[ A-Jd% (4.9)
2Ja

1 1
Pf B-H:V-(AXH)+A-J,:>WOOZ§/B-Hd3x:§ A-Jdx.
00 2

Eg.3 JBRKERLE S HiRE

W = %1@ (4.10)

Prop.3 H®4MEE{ER&E

I/I/vint - Aext ° Jd3 h— Wa (411)

Q/

Horb W, AN REDN 1 YRR R AR R A E, T ARSI MEI Zh.
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4.3 WEbRH

4.1.4 Aharonov-Bohm X)W

Thm.4 A-B ¥NARER

RL-32 B 328 P FE] A4 R B 308 8 28R 1R eR B AT 8 22

WA A AR B FELINY, TP SR P I R A 22
Yo & kodsin 6

WL JE AR ZE

e
¢1—900—ﬁ§l§cA°dw
AL Z R e AR =N
e
ASOZ%—SOO:—%@
n R
edf
Az = fA(tanf) ~ ——
mud

4.2 FEHME—PEEPE *

Thm.5 FREi7ME—EEE

(4.12)

(4.13)

(4.14)

(4.15)

4.3 W

Prop.4 S|IANfFRBRIFZH

X 2 WAAE B R T iR A, BHEGAE 002 K 2 iRy — AR

DXk, R Bl A0 A 1 B el AL P B A

VXH=0
H-dx =0
VLCR
MATAE Q W€ AR ER ¢, 115
H=-Vo,
X T ARk I e A 5
B = _IUVQSm

(4.16)

(4.17)

(4.18)
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4.4 WEZWIE *

Thm.6 WHifr#EH) Poisson FiE

i3
>

SCEERMEAT o = —p0V - M, NI

% Pm
Ve " (4.19)
Pf V-B=puV-(H+M)=0,=V -H= V%,=-V-M="
Thm.7 HREIBEXER
W Hy = Hy, Biy = By, W13
{glqgl ¢2@¢2 B M M (4.20)
o on (M AD)
XF TR S I [FMEAY BT, B B = pH WS
P1 = @2
{ 961 0 (4.21)
Man = H 5,
R I SR IARIXTEE
=—V¢ H=-Vo,
V_E:Pf-i-PP V-H:’O—m
€o Ho
pp=—V P py=—pV-M
V2¢:_p+_pp V2¢m:_p_m
€o Ho
G2 = ¢ P2 = P1
L0 0 26, _ 9
“on  'on M@n_m@n
4.4 WA *
Thm.8 WRIMZIRE
Az) = Z—; / @ PPz = AO(z) + AV(z) + AP (z) + - -- (4.22)
AO) (z) = o / GO (4.23)
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4.4 WEZWIE *

1
AV (g) = —Z—; J(@)(@ - V)-d’s (4.24)
1 1
AP(z) =10 / J(a)gala - YV & (4.25)
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5.1 LA RE

5 HLWADE
5.1 WAL IEAR T AL

TE 4 i [F) P PR 2 1 21 2] AR A i

82
<V2 - ,ueﬁ> E(t,z)=0
) (5.1)
5 0
<V - MS@) B(t,z) =0
R Ry — L~ ¢ ¢
Rmk A5 HBSIEIRE L v = =i n
5.1.1 [ I La g
Def.1 EHEBHIK
o 388 LR I8 (37 BN
E(t,x) = E(x)e™  B(t,xz)= B(x)e ™ (5.2)
I i E AR K B T FE T IR V- E =0, V - B = 0 [ Helmholtz J7 i
V2E(z)+kKE(x)=0  V?B(z) + k’B(xz) =0 (5.3)
S k= w i = = R
0 : ? 2
Pf EE(t,:c) = —iwE(x), @E(t,w) = —w'E(x).
Prop.1 HIZFS5HIAKIKR
V x E(z) = wB(z) E(z)= i%V x B(x) (5.4)
Pf VX E(t,z)=e¢ "V x E(z)= —%B(t,a}) = iwB(x)e "

V X B(t,z) =e¢ ™'V X B(z) = ,us%
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E(t,x) = —iwpe E(x)e ™", where wpue = % —

k
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5.1 LA RE

5.1.2 P i

Def.2 FHEGRK

P R RN
E(t,z) = EyelFe+) B(t,x) = Byel**=b (5.5)

RN EIAS)
e=k-x—wt+ o (5.6)

HAPIMHALA T o0 —BIFARIRIE Eo, By .

Def.3 1ERE

(Al — I 22 o AH IR ROAE) ORI R O S5 AH T . PRI S5 AH T PRI g B, RO A S L

w

v, = vey = Eek (5.7)
B R R TR SR IR R
k= tw\/E (5.8)
TE AR A .
w
’Ug = @ (59)

Prop.2 FHEGFRMR

« N TEM FEHfifiy:, Bl E L k, B Lk, E 1L B.

e E(x) 5 B(x) Wit

E(z) =vB(z) X e (5.10)
« E,B RN, #RiE2 oA .
O J—
By | (5.11)
HHF By = | Eoll, Bo = || Boll-
o BEHPES TAERE, B o 1

= = = 12
Ug dk\/ﬁ \/E UP (5 )

Pf V-.E(t,x)=E,-Veka=) — ik . E =0, [ k- B = 0.
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5.2 iR

.U ik-x ~U ik-x
E(ZIJ)IIEVX (Boe’c )zlEVek X By =vB X e.

Def.5 ERKEI

=ikeik-®

Zz\/Ezzm/& (5.13)
€ Er
Hrf Zy = \Juo/eo = 377 Q NEZ TP HEBT.
Rmk ZH =e, x E, Ey/Hy = Z.
5.1.3 fitE 5 R
Prop.3 THEREGBKHEEZRE
T LA ) FLI e B S M RE A SR
e 1y
w(t,x) = 25E + 2,uB
=cE? = B2 cos’ (k- ¢ — wt) (5.14)
1 1
= -B*= —BXcos’(k - x — wt)
7 7
T
o L
(w) = w(t,x)dt = —eEf = —B§ (5.15)
0 2p
Prop.4 FHEREGRNERZE
S(t,x) = FE x H=—E%¢, =v,wey (5.16)
1
(S) = ﬁEgek vy (W) ey, (5.17)
Def.6 HEEEHBRE
Ve = (S) (5.18)

Rmk N?EFEE‘@%Z Ve = Up = Ug.

5.2 Itk

Def.7 {miRA[E

BT E Lk, B E {3k 75 17 R REE H mdR 77 17
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5.2 R

Thm.2 BREHDE

ifiﬂﬂ‘/f‘/&EQ% {81, €, 63}, /?\ €p = €3, &*WE p = k-x— wt, ﬁ”%ﬁ%?ﬁ%ﬁj\%j‘j

E(t, ar:) = (Eloei‘slel + E20€i62€2> ei“" (519)

5.2.1 i PR P
Prop.5 MHERKRGIZ

W E = Eie, + Farey, & 0 =0y — 6y, AHKRE RN HAE er-e; “FIHIEBHIMEPIL T 15

E, >2 (E2)2 E\ By .9
— ] = — = cosd = sin” 9 5.20
<E10 Ey Er19E (5:20)

Pf

FE = RG{E} = E10 COS((Sl + 90)61 + E20 COS((SQ + 90)62 = E161 + E262

E
E_l =cos(0; +p) =X = p=arccos X —

10
—

—2 —cos(ba+ ) =Y = p=arccosY — &,
Ex

sin(arccos z)=v1—z? | €080 = XY + V1—X2/1-Y2
— arccos Y — arccos X = ¢
sind = Xv1—Y2—Yy1— X2
W HE ARG sin?6+2XY cosd = X2+ Y2 BEA 3 Helh F b fe 7 £
5.2.2 ki

Prop.6 Zimik

4 0 =mn (m € Z), WA fmik2 0Lk

FE = (Eloel + E2062) COS(k - — wt + 51)

(5.21)
m NABEUN B +, A2 E —.
5.2.3 [l
B 6=t (me )R By = By = % UL O 4259 0
E;, = & [cos(k -z —wt+6;)e; +sin(k -z +wt +6))ey] el wR
? (5.22)
Eg = 7% [cos(k -z —wt +6,)e; —sin(k -z +wt +6;)es] A JiElAmR
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5.2 iR

Def.8 [El{miRER

1 .
er = ﬁ(el +ies)

(5.23)
~ E . .
E;, = 7;(61 + iey)elt 2=t — Fe,
— " (5.24)
Ey = 7%(61 —iey)el® T — Fe_
{er} HUANIE
€y - €3 = 0
er-ei=es-el =0 1EAHE (5.25)
er-e} =1 =14
5.2.4 Stokes X Hhk)E
Def.9 Stokes &
W ey By = a6, ey Ey = aze'® (ay,ay € RT), N Stokes ¥
so=aj+a5 s =al—a5 sy=2aja;cos(dy — 1) s3=2a;aysin(dy — ) (5.26)
Def. 10 {RHRE
fRIREE LN (0 < P <1):
\/ 82 + % + 3
L (5.27)
S0
L XF et (P =1), e
82 =52+ 55+ 52 (5.28)
2. X TE IR, B s3> 87 +s3+ 2, 0< P < 1.
3. MFEedrmiRt (HRE), W 51 =s; =53 =0, P=0.
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5.4 FLREPAES U BRSO ST

5.3  WLEIE A 4T

5.3.1 Kirchhoff 23

(5.29)
5.3.2 Fraunhofer 74}
5.4  HUREDEAAN B L ST 5 3 g
5.4.1 MERF
Thm.4 KREERES Snell HHFERE
0=20 (5.30)
nysinf = nysin 6’ (5.31)
5.4.2 Fresnel 2>
Thm.5 Fresnel AT
(E) _ tan(6 — 6") (g’) __Sin(@—@”)
E ), tan(6+06") E) sin(f + 6”) (5.32)
"\ 2 cos 0 sin 0" E"\  2cosfsin0” ’
E), ~ sin(f + 0”) cos(9 — 0”) E ) ~ sin(@+6)
Ey\  Zicost — Zycos " Ey\  Zycos® — Zicost”
Ey b ~ ZycosO + Zycosb Ey ) "~ Zycosl + Zy cos b -
E_(’)’ B 275 cos E_(’)’ B 275 cos 0 (5.33)
Ey > ~ Zycos b + Zycos 0" Ey ), ~ Zycos O+ Zy cos 0"
EEAGE p WIRS s fRIRICX .
{E(’)_Zg—Zl E_{)’_ 27, } (5.34)

Ey Zo+ 2, Ey Zy+7,

Prop.8 PFE#LITAEL
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5.4 FLREPAES U BRSO ST

5.4.3 Brewster fi]

Thm.6 Brewster £

T p ik, ZANA 0 =0 I, RIS REONF R,. HA Brewster fii 0 i £

(Z1/Z2)* =1 _ [ea&apn — €142

tanfg = | ————— = 5.35
° 1 — (n1/ny)? €1 ol — €101 ( )
tan fp = \/§ _ Lz (5.36)
€1 nq
5.4.4 PR
5.4.5 R4
Prop.9 K&
ong > ng, XM 0. N
. na
0. = — 5.37
sin o (5.37)
0= 6 B, 0 = 90°. % sin6 > =2 B, Tk UTHHTH M, B IR.
1
Prop.10 jHIERK
0>0.0, H k' =ksing, k" = ksin6., Kt
k) = iky\/sin? 0 — sin2 ), (5.38)
Ll =i
k= ky\/sin? 6 — sin2 6, (5.39)
YT 5 I L3
E' — Eé/e—ﬁzei(k’l’x—wt) (540)
BN 2 NRESEKRBER, 28
K= A (5.41)
231:\/ sin® @ — sin? 6,
HPHRAEERA v 78, L 2 &
/ 020 a2
% _ e B tangp— sin® 6§ — sin® 0, (5.42)

cos
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5.5

5.4.6 Y RMEEINFL
Def. 11 RERY, EFHRY

WS FLIE LR T 18] [ S S S R BEIR o B AN RE R - B 2 b, BN R R S5iE M &R
BT

5.43
Zy ' El? cos 0" (5.43)

T=——"7F—"-
Z ' E2 cosf

Prop.11 p kS s RIREBHLIE

R o_ Zycos — Zycosb” 2 R Zycost — Zy cos” 2
-\ ZycosO + Zycos 0" Zycos + Zy cosb”
T 47,75 cos O cos 0" _ 4Z1Zycosfcos B’
P (ZicosO 4 Zycos)2 T (Zycos® + Zy cosh”)?

(5.44)

5.5 fafit
5.5.1 A FIAK K F

Thm.7 ®EHIKRR

R TR T B A7 B AR IR W . XA LR AR

D(z) = e(w)E(@)  ew) = — / " e(r)e dr (5.45)

Pf
e(x, a1, 1) s | (@ —x t—1)
TCE SA N VA O AR
/6 x -t —t)E(x' t')d3 dt’
(t >t
/u z—a' t—t)B@ )P dt  TRFE

LLrgS 1, Bk E(x,t) = E(x)e "

t
D(t, z) = E(a})/ et —t)e —t’ gy = E(m)e_i‘*’t/ et — t/)eiw(t—t’) dt’

T=t—t' E(m)eiwt/ ( ) elT dr £(N)=0, 7<0 5(w)E(w)e*i“t = D(a:)efi“’t
0
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5.5

AT RS T RAAE R, 2RO R

H(z) =y ' (w)B(z) (5.46)
J(z) = o(w)E(z) (5.47)
5.5.2 Kramers-Kronig % %
Re{e,(w)} = 1+ P / N Im{gr W (5.48)
Re{e, (W) — 1} |,
Tm{e, (w 7? / o dw (5.49)
5.5.3 —HEP AL EHI B L%
BN — R AR B, HHRIE N
I ilka—w(k)]
W(t,0) = o= / Albe dk (5.50)
Hr A(k) WTHAEERZ to FIYRIESE Fourier 2445 2|
A(k) = \/Lz_n /_ bt a)e e (5.51)
Ak - Az > % (5.52)
Prop.12 ‘KEBMEHREESHEEE
XF n = n(w) MBI, FHEEAN
w &
ESU Y] .
w C C U
Ve =%~ d & o dn (5.54)
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5.5

FIAE 0, v # v,

Prop.13 ZkMEaEl
LM OBER Ak) 1E k = ko WiEA —NME/MIER Ak, B w(k) ZIEE, WH

w(k) ~ w(ko) + dw

k=ko

D)8 A, PR B ) A AL A
b(t,7) = 6(0, @ — vyt)elForeso) (5.56)

LMECHOLUT, W KEBIRELRIRE AL, L v, FERBRTE2.

Pf ¢ =kr —wk)t = kr — wot — vght + vgkot = k(z — vgt) + (kovg — wo)t.
1 o0 , .
W(t,x) = _el(ko’vg—wo)t/ A(k)elk(-'l'—’vgt) dk = (0, — ,Ugt)el(k)()’vg—wo)t‘

V21 .
5.5.4 ARWEVE L AN W ) B BAE 5

Prop.14 THBEEEBBNRFH Maxwell 124

AR (1 = po) W FEPELRMEA B L EAAEOHEL, B e = e(w), WP I B #E3E
FEH A Maxwell AT E N,

k X Ey =wBy
k X By = —wppe(w) Ey
k-Ey=0

(5.57)

k-B,=0

Pf WS E E(t,z) = Ee** ) B(t,x) = ByelFo=) RN TR EHN T

> A=) \ ts N 8E
Maxwell 77HER[ 15, H 78 V x B = ,uoe(w)g.

Prop.15 IFHAMESNRPHNEHXR

(5.58)

Hrf k= % g L2

Pf Hk-Ey=0, 113 kX (k X Ey) =wk X By = —wpe(w) Ey.
_kz
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5.5

ék:ww;zﬁz%%%§=%¢%?

5.5.5  ARMERES A ) AR )5t
Prop.16 SHENFRAAHXER

B H R R B AR, AT

D(x) = ep(w)E(x) (5.59)
HA 4% S 2 Ohm €
J(x)=0.E(x) (5.60)
Def.13 SHENMRNFEINBER
Eeff = Ep(w) + i% (5.61)
Thm.9 FEHBEEKEESENRFH Maxwell 5124
rk X Ey = wBy
.0¢
k X By = —wyp <€b + 1—) Ey = —wppeen Ey
w (5.62)
k- E() =0
k-By,=0

NN . D
Pf EFEE;ﬁ\ETi #Eﬁiﬁﬁﬁﬁj\j V X B = pyd + 88—t = pgo B +,U0€b(w
EARNGIE.

Prop.17 JFHMSENRPHEHXSR

)28 spimtn

— Ceff
k= ko[ (5.63)
5.5.6 @A BN GERIZ (BIKGEX)
6 )
BH RPN BREESEREYNEME, RS HIHE S B
e(w) = eo(el +ie”) (5.64)
k(w) =B(w) + ia(w) (5.65)
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5.5

W a b B HIRA

2 2 _ 1.2
B —Q _kogr

5.66
B-a= %k:gsf (5.66)
8 o 55 B IR EHI, TR
£ 6” 2
B:kOVE 1+(6—Z> +1
(5.67)

r el 2
O[:kmla 1+<€—;> -1

2.1

Pf JiAMFEN 8- a = fa, = k(’gr, = [ — kjelf* — lkée? = 0. FHRR A0 1F

26 4
3, AT a.
Prop.18 GBHNTRFHBERXE
E(t,x) = Eje *®lBe=+) (5.68)

Rmk Jirfr 2wt ZIim R B IIRY, e~ ZIiH HL R B .

Pf ei(k:-:c—wt) — ei[(ﬂ—i—ia)-w—wt] — e—a-:c-}-i(,@-:c—wt).

Def. 14 FiERE

HURL IR EGTG, IRIESEIRON o' AL IR IR, MONIZA RN o &R L.

1
6=~ (5.69)

Prop.19 SBENFRHHFERE

Eplw g
T SHAR, ¢ = % o= e TR
0

WEo
2 2 2€ 2
B —a” =kj— = w poes
1 €o (5.70)
:6 o = Ewlu’OO-c
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it 15
2
B = ko | == 1+(UC> +1
250\ WEL
(5.71)
€b O¢ .
= ko, — 1 —
« 0 250\ - (web>
595 AR (10 SR A B, A w“; < 1, 3EARAE
b
13
B =~ ko ;b
° (5.72)
o O¢ [Ho
2 €b
FIBIREN
2
§=2 /% (5.73)
Oc NO
BL S AR () S R A OK, A ;5 > 1, JEpsE
b
Oc¢ WO
~ B~k 1/ =4/ 5.74
el 0 2weg 2 ( )
TR
2
§ = (5.75)
WO
5.5.7 Lorenz fif!)
Lorenz #7214 HA i )42 S BR800 2 4 o 11 52 30 BHL B 1B R
w2
. =1 5 .
&(w) =1+ R (5.76)
20,2 2 2
Refen(w)} = 1+ 20 =) Im{e,(w)} = “p 1Y (5.77)

(w§ — w?) + 72w?

(w§ = w?) + 7?w?

Hrf w, ARG B TARIRR, wo NIBIRAIESER, ~ e R
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BORAH T2 Faamp = —my&, XIS F, = —eEpe™™', B31J71EN

) 5 _ it @) =mge— i@t _ —eFE
maE + mwyx = —myx — eEye = 3 7
m(ws — w? — iyw)
2 2
Ne€ E = w
m wi—w?—iyw wi — w? —iyw
2 20, 2 2 2
w w(wg — w?) . wiyw
e(w) =1+ x(w) =1+ 7 gp_- =1+ 2p_ 2 2,2 11 2_p2 2, 2
wi — w? —iyw (W — w?) + 72w (wg — w?) + 72w

5.5.8 Drude %!

T, HREN

Drude #5542 iR 58 A I 4 SRR, R0 R BBl ot I 1R oy

2 2
o(w) = iowp‘ w0, o= O (5.78)
T — 1w KEEL m
SR s O 2
w.
(w)=1——"2 .
() w? + iwr ™! (5.79)
wr? wir
Re{e,} =1—- —2 I =2 5.80
“en) 1+ w272 e w(1l + w?r?) (5450
B M T Fuoy = =7, T3 F. = —eBoe ™ JBH7H
: v(t)=vge Wt —eF
mo = —m7 v — eEge ! % v = ;
m(771 —iw)
77,662 E Ji=cE 71662 1 €0wp
Jr=pv = G ——o(w) = Y |
m 71 —iw m 7t 1l—iw 71 —iw
OE i
V X H =J;+ o = (0(w) —iweg)E = —iweeg(W)E = g = €0 + =
w
5.6  HLBAEAY 52 IRAs M 1% 1%
5.6.1 BFH-FHEFFAE
P AR AR SRR T 2
E,=B,=0
nx H=K (5.81)
n-D=c¢

SRR, HIpLs A IEa, MK S FmAa ).
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5.6 FLRERAE 52 PR 8] P AR

Prop. 20

B FEREIT AN 2 Jr A, W SRR

E t, — E , i(k3z—wt)
(t.2) = Bl )" o)
H(t,x) = H(z,y)e!ksz=«1)
2 2 E
O 9 g @l _, (5.83)
0x* — 9y’ H(z,y)

Thm.10 SEMENTEEE

(Transverse-Longitudinal Decomposition Theorem for Guided Modes)

LR K BT e 1 73 B ] el ) 7y o

E, = L (kg% —|—wuaHZ>
dy

& o
. (5.84)
o i OF, _ OH,
v T\ Py T e
i OF, H,
Hx = % —We + k‘38
k; oy ox
(5.85)
oo L OE, k 0H,
v T2 \ar T P ey
0 ) 0 . OH | oFE .
Pf &%Ik:;,a—)—lw.VXE——Mw—lwuH,VXH—&‘E——IW&TE.
E, OH,
iks By +iwpH, = aay iwel, —iksH, = e
E H,
iks By —iwpH, = % iweE, + iksH, = 88_33
oE, O0F 0H OH.
9 _ T —SwuH Yy r _ E,
ox dy WHH ox dy e
RS SR fifE AT AHIE.

I ZLBFEANSE TEM
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5.6.2 BB FE

DL ult, 7y, 2) = u(a, y)elbos—0 e s (1 — EL A Ak A, 537
u(z,y) = (C} cos kyx + Dy sin kyx)(Cy cos kay + Da sin koy) (5.86)
g x,y =0 L HRFM, "5

E, = A cos kyz sin kyy e*s®
E, = Ay sin ki cos kyy e'ks? (5.87)
E, = Assin kyz sin koy elF3®

4t o= Iy, y=1s ﬂ\lﬂﬁ%ﬁ:, CIEE

k’1=nll—n k‘zzn;—n (n1,m9 =0,1,2,---) (5.88)
1 2

Hr ng,ng ARINAE. 455 V- E =0, A[F

klAl + kQAQ - ikgAg = O (589)

fir H = _wluv x E T8 H,,. KBUE

1 .
H, = ——(k3As + ko A3) sin kyx cos kay gi(kaz=wt)
Wit
1 q
H, = @%3141 + k1 A3) cos ki sin kyy gl(ksz=t) (5.90)

H, = —L(k:lAg — koAy) cos kix cos koy gl(kaz—wt)
Wit

Prop.21 #&lEinsR
FER ks = k2 — K} — k3 NSEME, WA

2 2
k> kout = n\/<@) + (@> (5.91)
L I

AR, BOE MR, BRI 23N

oo = (2) -+ (32 (552
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s — 2\/1%\/ (7;—11)2 + (7;—22)2 (5.93)

2
>\Cut = (594)

JG) - ()

A >y, W TEy BAT SRk MR Sk

v
fcut = i Acut = 2ll (595)

1

5.6.3 IR

Prop.22 %BEWIEHRAR

Wa=01,y=01l,z2=0I N&ENEEE ENANSREEERSSILEN R, AHBEEE
N, WiFHEN u. u(z,y, 2) #on E, H PFIE— Cartesius Bbr5r &, L VZu + k*u =0,

u(z,y,z) = (Cy cos kyx+ Dy sin kyx)(Cy cos kay+ Do sin kay) (Cs cos ksz+ D3 sin k3z) (5.96)
GEENFSMYE V- E =0, i[5 HEEN

E, = Ajcos kix sin koy sin ks z
E, = Ay sin ki x cos kyy sin ksz (5.97)

E. = Aszsin kyz sin koy cos ksz

NoTT N3t

klz— k’gz— kgz— (nl,ng,n3=O,1,2,~~) (598)
[y lo I3
k'lAl T kQAQ -+ ]{73A3 = 0 (599)
TR LR Ay
Tz
=—|=+ =+ = 5.100
¥ \/—A BB R (0100
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5.7 WL
5.7.1  WHEAR B

Rmk HAHIZHIHRRB N

—v¢mmy:E@4g+af$x) (5.101)

E@xy:—v¢@x)—9é%£3 (5.102)
Pf HV-.-B(t,z), IARH B(t,z) = VX A(t,xz). T~ VXE(t,z)= —%VxA(t,a:),
MV x |E(t,z) + 8Ag;,a:) =0.
—Votm)
1 oJ
E=-Vp+u—
SRV (5.103)

OB =~V X J

Prop.23 HHZEH Maxwell F124H

V2¢+2V-A:—£
ot o
1 96 (5.104)
DA—V<V°A+§E>:_NOJ
0A 0 p 0 P
Pf -E=V.|—- - | =-V%--V.-A=1 2 —V-A=——.
\Y% \Y% < Vo 5 V¢ 8tV 80,:V¢+8tv o
_ _vlA- 10 gy 0AY_ 5 Llgdo 104
VXxB=V(V-A) VA_MOJ+C28t Vo 5 = pod czvﬁt 202
10%A 1 0¢
2 - — . _— = —
= V°A 2 9 V(V A+c26t> tod .

(5.105)
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Prop.25 LT

A A=A+

- N (5.106)
o —d =07
£ Coulomb Vi V - Ac(t, ) =0 F, HFEMN
V2¢C(t, CB) —_ _p(? :13)
L0 Ag(te) 10 (5.107)
VAclta) 50D L0t a) = o 1,)
Ho bR R A ' t.2)
_ p(t, x
¢c(t,x) = yE— / . 4’z (5.108)

5.7.2 Lorenz Mit5 d’Alembert Jjft

Def.16 Lorenz 3%

i(?(bL(t,a:) .
V- ALt @)+ g =0 (5.109)
p(t, x)
Oon(t,x) = —
Pty @) €0 (5.110)
OAL(t, x) = —pod (t, x)
Rmk fERA L, BB s, i A R,
0 1 9%¢y, p 1 0¢
2 Yo. A 2y _ -+ __Pr _ ) L 99 _ _
Pf V¢L+atV Ap =V 2 o - OA—-V(V A+C2 BT pod .
=0
5.7.3 HfERH
XF 0Op=0, % pt,z) = o(t,r), MAFER LA
19 (200 _18¢ _ Prg) _ 12(r¢) _
r2 or (r 8r> 2o =0 = o2 2 o =0 (5.111)
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XtF—4ER SN TR, AT
u(t,r) = fr(t —r/c) + fo(t +1/c) (5.112)

T EK T 352 iR . .
o(t,r) = ;fl(t—r/c)-l-;fg(t-l-r/c) (5.113)

Def.17 HEIRRTZI

t RFZIEIB ¢ — r/c ZIRPRRGE, & SO R I %)

.
trey =t — — 5.114
. (5.114)

t — trey BN HLIAAR L AF IR A% 1 2137 s BT 75 X I 1)

Prop.28 RmAt&RmEBRIHEIRE
WR S — T Q(t) IR THARAL 1 s E i fnr, FLP2 AR bR 3 (¢, ) B TR A
Q9(t,2) = ~—Q()3(a) (5.115)

r# 0 BANSTIRBENTTRE, N

Bt 7) = s (5.116)
Pf Vit = —EV’I‘ = —ler.
C C
vl _ g0t 0wl Q) + 1V
1 10Q 1(10*°Q 20Q
= —4n(@)Q0) +2 () (‘25) 7 <_aT - —a>
10 L 102Q
202 4nQ(t)d(x) = 202, 4nQ(t)d(x)
FisbR UL dney T Oo(t, ) = —Q(t)5(x) /0.
o U0 2 LA 2 A 3
treva !
ot x) = Q(M—wm) (5.117)

Hrr = |z -2/
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WRAE B N R, S AT AT p(t, a') A PR NIAR S

. 1 p(treww,) /
b(t,x) = yr. / . d*z (5.118)
B EIR A T (¢, ) RN RSB A
Ho J(trevu w/> /
A(t,x) = E/Td% (5.119)
Rmk %k, iR ¢(t,z) 5 A(t,z) I & Lorenz ¥IE.
5.7.4 M RTHLIALK Z Sdi At
CAERS KB A A(t, @), RIF]R RS Rbs ).
B(t,z) =V X A(t,x) (5.120)
ic?
E(t,z) = UV X B(t,x) (5.121)
Prop.29 RHERRAEIRE
s P I (1, @) = J (a)e— ", TTH3H
J ) i t / —iwt
Alt,z) = Z—; / #el(’”‘“)d?’x = A(z)e (5.122)
Az) = Z_:c / @ei’" d*z’/ (5.123)
i Lorenz #iE AT 1345 5
P(t,x) = p(x)e ™' = %V - A(z)e ! (5.124)
Rmk ] H o iy 57 45 35K H AT 20 A
(o) = —V' - J(t, ) (5.125)

1w

PR ST AR R S A SR o(t, ).
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Prop.30 /MXIgE RS RERST

INKIRAARER | < r) L << X\, HA 1 RO AXILE, r = |z — /|, N NiEHFEK.
J(x')

1 r < A REHK, o ~ 1, A(t,z) = 10 / S @, AR FRBUE R S 1

AL
2.7~ X ANENX.
3. >\ NmiglX.

Rmk CHIEZIXKHE AL, x), WEEIN
B(t,z) =V X A(t,z) = iker X A(t,x) (5.126)

E(t,x) =cB(t,x) X eg (5.127)

Ht R=|z|, eg = z

=y

Prop.31 MHERRERBHZHRRT

L R=z|,fEr=lz—a|>|c| &, Hr~R—er-x'

Lo J(m/)eik(R—eR.w/) 5 ,uoeikR i red 18
_ o _ d
)= 10 / St = B [ @) ;

ikR

= MZE;R /J(m’)(l —ikeg-a' +---)d%z = AO(x) + AV(x)+ ... (5.128)

eikR ik eikR
- sznR /J(w’)d3x’— Z:cR /J(w’)(eR-w’)d3x'+--~

5.7.5 HWABARGEST

HAEL S AL n- J(z) = 0, WA

/J(a:) d*r = —/V-J(w)a:d% (5.129)
Pf TE/V-T:ygn-ngx,ﬁ

. / V. [J(@)a] d'z — / V- @)z d + / J(z)- Vad'z
:/V-J(m)mde—l-/J(:c)dgx:ygn-J(m)dex:O

——
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Def.18 BHERRIARAIEBIBRE

p(t) = pe ™' = e_i“t/p(m')ac’ d*z’ = e_i‘*’ti/J(m') d*z’ (5.130)
Rmk dolt
p = % = e_iwt / J(w,) d3,’L’/ (5131)
1 i
//3/:_ /'J/Id3/:—/.]/d3l.
Pf /p(a:):cd iw/V (') - (x')d’x
Prop.32 HERFHESTRE
ikR
(0) _ H® 5.132
eikR €eRr ikeR ikR . eikR A=
Rmk H V 7= <_ﬁ+ 7 )¢ ~ ikep 7 15
V - ikeg (5.133)
Prop.33 HB{ERFHES T
ikR ikR
(0) _ Mo 5(¢) = H¢ 5.134
BY(t, ) T iker X p(t) AeoRR p(t) X eg ( )
© Hoe™ 5.135
WERAAAR IR R 2 b, WA
e. X ep = e,sinf (5.136)
Prop. 34 FkFrPEVEESTIA
WHABIE IR 2 H R p = e.p
BO(t, x) = —'quZ (kR-wt)sin f e, = s sinf e (5.137)
(¢, ) = " 4mcR PSRV Ce = ncR? 4 '
EB €, X e = €9 EI?%I‘
W Lpe PR
EO(t x) = —ceg x BO(t,x) = —'Z;:—Re (kE=wt)y)sin 0 ey = A psinfey,  (5.138)
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Prop.35 EETEER

3 B T4 A7 ) Poynting KA

S(t, R,0) = ﬂiRe{E@)(t, R,0)} x Re{B(t, R,0)}
0

s (5.139)
— 1%05:202]9%2 sin § cos®(kR — wt)er
4,2
(S) (R, ) = 3‘;;‘207;2 sin?f ep (5.140)
Rmk HR5 BBV B B A 73 AT R 30N
f(0) =sin*6 (5.141)
Prop. 36 EETINE
o Mo 4 2
= ow (5.142)
T 2n i 2 4
Pf P:%(S) A2, I = / MRQSinQdegp:Qﬂ:/ sin®0do — o
6=0Jp=0 R 0 3
1. AR5 RN TEM 3;
2. HRARIE B, B x }l%;
3. 1E 4w WISLARA N, DS ThEFE, SEE R K,
4. BB E SN IIE S, P o wh.
Eg.1 ARG E REHITIAEST
WREKE | < )\, LA
I(t2) = Iy (1 _ %|z|> et (2] < 1/2) (5.143)
CER Y S Vs
i i
p= " /_l/2 I(z)dze, = Elolez (5.144)
AT Sy 2
P= %ZOIOQ (%) (5.145)
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A} ) W S 1 y
€ ERHI R, W2 P = §ngr. &k =1/ WEH

2
R, = gzo (%) = x21979) (5.146)
Eg.2 FTRHEER
. RafEYE: % _ %—‘t’ _ 0, WA B AL, BT

2. BRMARIE B S BROFRIERE P i 2 AR N, L EAR S .

5.7.6  WEABAEE ST 5 ALY ARG ST

Def. 19 EHERRE RV ERIES BE ORI

1
m = 5/:1:’ x J(x')d*z’ (5.147)
1 N\ ol ! A3 5
D = 5 plx)a'x d°x (5.148)
/J:l: +aJ &z = — /(V - J)zx d’x (5.149)

Pt V.(Jzxx)= (V- -J)xx+J -Vexx+xJ -Ver=(V -J)xx+ Jx+xJ.
— —

=7 =7

Prop. 37 &S SHEERETHIRSE

A () FIFIFH Bk B R R 5 SO R 43 B

ikR kR 1 1
AW (z) = —ik e /m’Jd% = ik e / —(z'J — Jsc')+§(£1:’J +Jx') d*z

4nR 4nR 2
AS S
(5.150)
SORE R R J %ok I F AP M o ik 3 V1R 2 3
ikR
AW (¢, z) = AY(z)e ™ = ik‘ﬁ e X m(t) (5.151)
X R %o N FL DY B8 A 5 7 1R O
ikR ikR .
AVt 2) = AD (@)e ! = ik“:; —liwer - D(t)] = ch S RI0) (5.152)
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TR R RITHIE RSN

ikR

A ) = AD(t 2) + AD(t, ) = ik

F (er x m —ex- D) (5.153)

Rmk ZRBFIELAE V - J =iwp, BRI 5T R 7 A2 o 22 M 5 18 22 A A

Pf %/(eR-m’)J—(eR-J)a:’d?’ '=—ep X (%/w’x Jd3x’> = —er X M.
%/Jm'w’JdP’ ' = —%/(V'- J)x'z &*r' = —iw%/p(w')m’m'd?’ "= —iwD.
Prop. 38 #iiBHRiESHARIAE
ikR ikR
BW(t,z) = Zf;z S[ri(t) X ex] X e = i‘f; sing e (5.154)
" Lot okR
E.)(t,x)=— incR m(t) X egp = — inch msin6 e, (5.155)
Rmk 7] i s ERAR S VAT 2 L A B 4R 2 -
m
p——
c
E — ¢B (5.156)
cB - —F
powim?
(Sm) = 32(;5203]%2 sin?f er (5.157)
4,2
powtm
P, = f — (5.158)
Prop.40 HE NS5 E
B(l) _ MoeikR
D (t,m) = M [GR X D(t)] X er (5159)
(1) /ﬁoeikR
Ey’(t ) = IncR {ler- D(t)]V X er}er (5.160)
Prop.41 HBUREFZNEREE
(Sb) = s llen- B(0)] x enl (5.161)
DI e, Smcd R2 = €rl €R '
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5.7.7 RE&AR4T
Prop.42 HKEXRZERFEN

4 T

Lorenz Futt Ay

ikr
BRI - b, MRAEF TN J = e, K3 Alz) = 10 / I Py = Ace..

2 2
=f(6)

~ 8m2R2 sin%6

0A, 109
E—Fga =0 (5.162)
HRESRI I B, =0, W1 A, W 2RBEi i
PA,  10°A,
2 2 oE 0 (5.163)
i A 21 T () |endpoinss = 0, AT J (') A EEBIE .
Prop.43 XfR4KERLZLAVEST
XARK B R ZG Y F i o A
I(t,z) = Iysink(1/2 — |z))e™" (]2 <1/2) (5.164)
HRBNE AN
1/2 12 g — )
Az(t, JJ) _ @/ I(treva Z) d = tolo / Sin k(l/Q ’Z|)e—1w(t—r/c)
47 —1/2 r 47 —1/2 r
: e :
~ %el(m_m) /—1/2 sin (% — l\z[) e ikzcosb g, (5.165)
_ Holo sger—wry 1 klcos® ki
" 2mkR" sm?o \“° 2 %
HER S R
_Hodo sgerewry 1 klcos® ki
B(t,z) = iS5 Re g | 08— cos o | € (5.166)
. holoc gy 1 klcos# ki
E(t,x) = s ¢ g\ cos - | € (5.167)
PR R )
1 1
(S) = HoZo¢ <cos Meosh cos ﬂ) er (5.168)
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Eg.3 HFXR%k

MO RGN | = v, MR B R %, 1T v = 1 kR
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2nR sin 6 €o
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2nR sin @

9 COS> T cos 0
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_ 0
(8) = 82 R? sin? R

£6) = cos? (g coS 0)

sin? 4

,LL()ISC
8m

P=244

R, = 2.44"°¢ _ 1390
47

€9

(5.169)

(5.170)

(5.171)

(5.172)

(5.173)

(5.174)

(5.175)

(5.176)

Prop.44 X%Z&[%&
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Def.1 Liénard-Wiechert ##

A= v

43'55002 (7’ Y. r)
c
q
¢ = o
4me <7" - = r)

C

(6.1)

62




	Maxwell 电磁场方程
	Maxwell 方程组的导出
	电荷守恒定律
	静电场
	静磁场
	感生电场
	位移电流
	真空中 Maxwell 方程组

	介质中的电磁场方程
	介质的极化
	介质的磁化
	介质中的 Maxwell 方程组

	电磁场的边值关系
	Maxwell 方程组的对称性*
	时空对称性
	Lorentz 协变性
	规范对称性
	分立对称性

	Lorentz 力

	电磁场的守恒律
	电磁场能量
	能量守恒定律
	能量密度与能流密度
	电磁能量的传输

	电磁场动量
	动量守恒定律
	动量密度
	动量流密度 (Maxwell 应力张量)

	电磁场角动量
	角动量守恒定律
	角动量密度
	角动量流密度


	静电学
	静电势
	静电势的微分方程
	边值关系
	静电场的能量
	Earnshaw 定理

	静电场唯一性定理*
	镜像法
	Green 函数法
	解的 Green 函数表示
	Dirichlet 边值问题
	Neumann 边界问题
	几类特殊边值问题的 Green 函数

	Laplace 方程的分离变量法
	球域问题
	圆柱域问题*
	保角变换*
	圆域问题

	电多极矩*
	静电势的多极展开
	电偶极矩
	电势极矩
	静电能量的多极展开
	球域中的电多极矩


	静磁学
	磁矢势
	磁矢势的微分方程
	边值关系
	静磁场的能量
	Aharonov-Bohm 效应

	静磁场唯一性定理*
	磁标势
	磁多极矩*

	电磁波
	电磁波基本方程
	时谐电磁波
	平面单色波
	能量与能流

	偏振
	椭圆偏振
	线偏振
	圆偏振
	Stokes 参数与偏振度

	电磁波的衍射
	Kirchhoff 公式
	Fraunhofer 衍射

	电磁波在介质界面上的反射与折射
	角度关系
	Fresnel 公式
	Brewster 角
	半波损失
	全反射
	反射系数与透射系数

	色散
	色散介质的本构关系
	Kramers-Kronig 关系
	一维波包在色散介质中的传播
	非磁性绝缘介质的色散性质
	非磁性导电介质的色散性质
	色散介质的穿透深度 (趋肤深度)
	Lorenz 模型
	Drude 模型

	电磁波在受限空间中的传播
	波导的导模特征
	矩形波导管
	谐振腔

	电磁辐射
	电磁场的势
	Lorenz 规范与 d'Alembert 方程
	推迟势
	时谐电流的多级辐射
	电偶极辐射
	磁偶极辐射与电四极辐射
	天线辐射


	运动带电粒子与电磁场的相互作用
	带电粒子的辐射
	运动带电粒子的势



