EREIE : Maxwell 52 =
oW E) & L CORERZLMEE L. MaxwelilZ XV IEH I 2ER SR 5 R Tase
IRk TE %, (H#WPES:, 19054E & TIZHI LTV aES: O«d—2)

sl (1)

BRAT L electric field vector E= E(r,t)
BES~=2 ~v magnetic field vector H=H(r,t)
BRAT v electric flux vector D= D(r,t)
Wi~ kL magnetic flux vector B =B(r,t)
B current density i=i(r.t) cf. KFETOLL DS
A I charge density p= p(r,t) j=0, p=0
Maxwell’s equations
I VeD=p (PAdhmZz @2 EHR) = (NHEOEM)
I VeB=0 (P 28 S ) = (RO =0
oD .
m VxH :E—FJ =7 % < DR OBAE ) = (-7 AR D REE Y + B it)
B
v vXE_—%- (7 B> < DBROBHS) — (7" %305 A DI

I - I Gauss?i£H], T Ampére-Maxwell®iEH|, IV Faraday?i%HI

A7
vq:-%} (B 23 5 ) = (A E OB D)
Maxwell’s equations 13N —EIZRE D0 (1) 2

Yes. WPREILTZ 6 4RI E D
No. REBAEM12MEIZx LT, HFREXMNSE L7 THRE S /20 ?

R (B G
D=¢gE+P=¢E=¢,6,E=¢,(1+ 7)E
B = sty (H+M)= uH

B (2)

i FER (electric) permittivity g=g(r,t) cf. B2 T,
kR magnetic permeability = u(r,t) E=&y, U= U,
BRIEZ R electric susceptibility 7 =x(rt)

LeRp R relative dielectric constant ¢, = ¢/ &,

BRIy electric polarization vector P = P(r,t) 1p=){ E
W< o0 HBA" 7 by magnetic polarization vector M = M(r,t)

Maxwell’s equations |ZfEN—EIZRE DD (2) 2
Yes. WERBLRIZ0 0 YRR E 5
No.  RANEIEAS 1208125 L ¢ Maxwell J7 72 202388 T 2B |
o6, ANLZTETRELRN?

D @D @ @D |

® (B B (B
D (D @D B
D (B G D

R~ DAl i
ElE NI SIS
P—&‘OZE+}( EE+;( EEE +--



O

O

B e SVIE S
M =0 FEROBRFMHELE LTHRTE D)
Faraday effect: iRt OBIGIZ X DREHE OElEE, SeOHEFT 1A & B o & (kT
(R F LA B DETHAAL v F o ZIZFIH)
Kerr effect: B SE DR X 2 7 ¢ o [al#s
CtlR 7T 4 227 . MO)

BEL22 T O IR Dtk

= o~

=

O TRIDENBHEE THDLZ EEFEATIHLDOTH D. (B! 1]

VeE=0

VeH=0

OE

ot
oH

VxE——,uOat

KIV (F230) 12D Vx OffEETTH &, Vx(VXE)=V(VeE)-V’E=-V’E

VxH=¢,—

\ . o e s 0 o( OE 0°E
KW(EJE) ﬂ:Eb)E)VX@Eﬁ'f/ﬁ%TT? &\ _,uoa(vx H):—IUO a(&‘og) ==& My —5 atZ

2
2T, BB iR szziza ',f 2155,
c” ot
0

1 H
2 A2

IR R A 51k, B R VPH = 155,

C2
=2.998x10° (mfs) IFEEFTONHTH 5.

zlZLc= !
Véok

SHEIE (e, py) T CORB DL

2
BB AL, VE = ZtE < Ve =~ EEL =g = lvy
EHy

D 1 1 s Gl = A G
LarL, Bl ﬁﬁ#%{%&bét&bé X, Maxwell’s equationsiZ 32 B> T, i FEHR A3 22 [ i
EoOMe(r) Th oA, HMP NEHICH L CIERETH RS, M2005a7RE
BEERTHDE . fTUZ EDRRRENFENLTEY, A EEE LTH 2 &
(2, R PR ORIFHNICB W T HEHBRR NS D Z LR E 725 5.

O HEHREHLEDFEEE (principle of superposition)

X OREEHHA OO, FRIERII L2y, BEEZFIIELFHLZ L.

1 ot HE O EE  (one dimensional monochromatic plane wave) O35 r~
- Format u(r, t)— Re|U (r)exp(iat)] Lo: #4844, angular frequency]

U(r)= Aexp(—ik o) =|Alexp(-ik e r +ip) = [Alexp|-i(k,x+k,y +k,z)+ig]

22T, KIFEEA~Z Fv (wavevector) T K =|k|=\/kx2 +k,* +k,” =27ﬂ\

U(r) 128 %56 (complex amplitude) . A 13K (wavelength)



O 3 WCH AR
u(r,t) = Re[U(r)exp(iat)] = Re[U, exp(- ik o r +iat)]
CEFRIER 7 b U(r) a8 3 & R

(V2 +k?)u(r)=0 [~L 27y F7E (Helmholtz equation) ]
::?\k=M=w w0=2
v
V=% ENFHE OB, 372, AAHEE  (phase velocity)
cf. BEEE (group velocity) 1, v, :Z—f

O ¥WHE - FHMEE I T 2 BAEASEO ik O iai

() H,exp(-iker). E(r)=E,exp(-iker)
HAEFOEXHZ
vV = —ik,. > iw

8t

ji’] Sp N EF‘“C“@Maxwelljﬁﬁ'afmi

ke =
9(§ﬁm7hw>L($ﬁm7%w)
keH,=0
> (EHE~Z ) L (BEARRZ b))
kxH, =-weE,
>  (BRA~<Z ) L (BRXZ b))
KxEy = apH,
> (A7 ) L (BRXZ b))
cf. TEMJ% (transverse electromagnetic wave) = A (transverse wave)
> |H= |
n

WidhA > v —% A (wave impedance) 7= o | gz, 1,=120% (Q)
&

O KA 7422727 kL (poynting vector) & SEifE (optical intensity & 2%V i3 irradiance)
AR T4 T hv: S=ExH
B DL D AL EREH - ) OB OST —i (W/mP)
TR | :|S| :|E>< H| (| | X 2 R )

| = |Re(Ee )x Re(He" | = \Re ExH ]JEZL

cf. YRS LotmEDOMLE  [EZE ! ]

O ] Maxwell TR AR 720l 1 AT —RT Ty ibg, X7 MR T vl A
(% . I/ B R ERAY: 239H)
-VeB=0 9 B=VxA " Ve(VxA)=0
oB oB 0

- VxE=-—"—" & VxE=-"T"=-"(VxA) > Vx E+ )0
ot ot ot ot



oA _
ot
S LIAT, A=A+Vy ., ¢':¢—aa—li/<‘:bf%\ B & E1ZA%,

> E+ V¢  Vx(Vg)=0

ZOEEE, 7 — U (gauge transformation) & RS,
- £ T, Y7 — (Lorentz gauge) TZHLL DD, Maxwell FHEXDFLY D 2 Az,

2 2
> (VZ —Sﬂ%jAL =4 . (VZ —S,U%J¢L =L pvo st o BB R 2B S,
&
cf. ZVENTNDLDOTHEHR, cf. Coulombgauge 72& VA, =0

O KDY (polarization)
Yy

Y Yy
Ay
i C) ’ () i ﬁjﬁg{iﬁ?ﬁmm&@:ﬁ
L C k& D+z W
(2) Bt (b) H¥bDMREK (¢) fb bk

E#RYE (linearly-polarized light)
M (circularly-polarized light)
FH £V A (ight-handed circularly-polarized light)
DY AR IT BN » TR D2 D L D IRz & &) BeEtE v
cf. WDOERXHY (BTHI%F)
st (elliptically-polarized light)

O fm)t7 (polarizer) - ft7 (analyzer) ENAZFEAK (phase plate) - FEYEAR
W7 4V, fRT ) XL RIEE—L AT v X
M2 B EAH (half-wave plate)
EAMRYE O YEE (R, plane of polarization) %#%5% %
M4 P EAHR (quarter-wave plate)
BRI — 4 £ D 0 IFEL—ESYRE—/E F o 0 PR ERR RIS

O HERHE O & JRT
- pfmJt (p-polarized light)
ANHHEICER7 bnWFT.  [parallel (5]
TMi  (transverse magnetic wave)
s~ 7 N VS NG I
s fi@ >t (s-polarized light)
AHEIZESR 7 VTR, [senkrecht (JRFE)]
TE} (transverse electric wave)
G5 R/ AN ST T he: T .
CBEREME . - - 2WEOBRERABEICWITRERTO, B - B DOES [(HEZE ! ]
- N, BB, EdTROESRIEE E;. BN B, 0 ARMAO, L LT,

()= {Eleje"‘l'r +E'e, g™ (z<0)
]

E,e e (z>0) 0= =)
Z FRROB R T TR EIROAEHFD.
7 LA VBUEREL (Fresnel reflection coefficient) : 1, = E,'/E,

7 L Vimiaf%sc (Fresnel transmission coefficient) : t, = E,/E,



O MHEOEAL, 23 0iER] (Snell’s low)
S (2=0) ICBW T AS B, RSB, RIT ORI —
> Kk,er=kj'er=k,er (z=0)

2> 6,=0," (sing, =sing,") [A o 1E]N]
n,sin@, =n,sinég, [A L DEHN]
DTG, 6T Ky =k ] = 0k, [K,|=n,k, DBIRE A
O 7 L3455 (Fresnel coefficient)
—n, cosd, +n, cos, 2n, cosé, n
P = tp = = _(1+ rP)
n, cosd, +n, cosé, n,cosd, +n,cosd, n,
n, cosé@, —n, cos 2n, cos
rS —_1 01 2 02 tS — 1 01 =1+r5
n, cosé, +n, cosé, n, cosé, +n, cosé,
SR (reflectivity) R, = ‘rj‘z (j=s,p)
n, cosé@ .
FHiBFE (transmissivity) T, = ¥‘tj‘2 (j=s,p)
n, cosé,

of. =xAF—fRfFH R, +T, =1
<1, plRICOMERIIT R, DN O A7
lt 1

m<n ]

—05}4 /
i -A‘"._ 7 -1
4 L) /2 0 h /2

2 8,
Os(m>ny) fa(ni<ny) fe(m>nz) © (1 <na)
LA 8,

(2) HoxtE (b) fitd

B2 . StRICOERE R rg OIS O 1K A7

IL 1

0.8

0.6

m<np .~
m<n

¢/n
o

S

04

0.2

N (AP ISP WA, WD A_LJ

/2

>
@
5
&
o
>

8 2

(a) ibriE (b) fizf

O RERHBHGIZET 5% 508 (technical terms)

. n
7Y a—2 %44 (Brewster angle) 0, =tan -2
nl

A4 (total internal reflection) B f4 (critical angle) @, =sin*(n,/n,) (n, <n,)

T Fx vt M (evanescent wave)
T ARy MEORAGES (penetration depth)

d, = 4 [sin2 6, —(n, /n,) ]_1/2 cf. E2=E,° exp(—22/dp)
2m,

10



O BRHEBESOIEH : 77 A NRXR—HN~DOHDOHL 2D

O

FEEI H DI DAk

S PR (isotropic medium)
cf. Wik, KUK, T A,
BV (anisotropic medium)
of. Wdh. FESh (FMEA., A, « ) | = - -
BBV X, Frc ko> TR E (RIFR) K iR 5
> HBZ 2 MMl 2Pt Bn s (IR, birefringence) Z & A D
cf. JWITMLTLHEIE TR 25
2> EFE~T MVE EGMAR7 RV PIXEAT TR

11

> BREZRIT2MOT YNy (3X3{FHTEREND) . FERLT VY be

(dielectric tensor)

JERER U ®S L K3 >DOEFHEESR (principal dielectric constant) 738 %

RIERIZ, T (principal refractive index) 232 (FEAYIZ n, <n, <n,)

JEPTEEFEF A (index ellipsoid)

2 2 2
X z

2+y2+ 2
n n n

X y z

=1

—BPER Sy (uniaxial crystal, n, =n, =n,) FONE ORI BIT 2 15

;—“»

e AT (ordinary index) n(=n, = ny)
B BT (extraordinary index) n,(=n,)
EO—iEfEg (n, <n,) & Ao—iEs(n, >n,)
wOGH (ordinary ray) & SEEDGHR (extraordinary ray)

1 cos’ @
+

sin? @

—HihPERS A (uniaxial crystal, N, =n, #n,) PO O - .

@)

ik B R D YT D& o> B B
BEHR., W1, FER SR, « -« RHNCER ! BRI AR !

e

EEOH AN 2D 2 SOEAREET— F (UsfRHITREIRERI R S &
ZND DAFRHRE 2R 5 Z & ITHH



