EIps

Siyan Dong

F1E EfEXEIR
1.1 EAX#E
BB SN (BE—aEED PLACE W67
Tk IR T8 JLFAHE, A2 IR FEAAE
BHEBH: PR k=2
o BEHPE v, = L2 MR v, = ¢

1.2 EENAIE
NHZE B sl R —4ER— e 2

0% 1%
T = o
. 1%
Ve o
MR LS A
<6:”> —+¥_ 4y
o), "k
U= " (0v o),

1.3 BIKRDE

ST
w (?’ t) — Aei(?-?q:wt)
y = Ag cos(kx — wt)
BRI - 4
ERONE

_i i(kz+wt)
w(ﬁvt) - \/,,j = *

e FEELEAEPRAS ke — wt RoRm x BIETT R TE .
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F2E8 BEERSETFEIL

2.1 Maxwell

V.E=e
V.-B=0 o
VxE = 95 '
?xﬁzu-?—i—eoug
MIZATTREALAT LT AR R W ¢ =
2.2 BEEHEXHIR
Poynting vector:
S=ExH (2.2)
FEHRE
I=(8)y = ?E? (2.3)
FE Lk
I=ExE* (2.4)
A7 T .
2.3 XF
RE &
E=hv=hw (2.5)
B
h
p=7= kh (2.6)
GRS 5« s
(P)r =~ (2.7)
2.4 RHEHIIR
JEER: T3 n AR £ (w) -
Ng? )
n2(w) =1+ 2 - J (2.8)

€ome = wg; — w? + iy;w
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Normal Dispersion & Anomalous Dispersion

Absorption
band

Dv <v My, >y dn ¢ ¢ + »
do v, v ‘)

Group index of refraction

F b, TR n= Re+ Im =i REEGH 7 10 15 7 g8 WS e in i s

BIF SRIEE

3.1 ARSI RRE

Oscillator phase lag & Index of refraction

amplitude

Oscillator

® g0 "0
'? 90 180°+ IXU";
= 270°- 90
0 wp w—
© nzl
The index of refraction arises when the
2 10 L\ e absorption and emission process advances or
3 Vs retards the phases of the scattered photons,

even as they travel at speed c.
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Internal and External Reflection

External reflection Internal reflection
Normal Normal
: i
3 |
. : 8, >0, i 0,< b,
v g i A . |J
| d
Air | Glass I|
Glass \ Air > vy > v
I
= ) 16,
|6\ 2o RN
| I
I |
| |

3.2 WMPMEFRRE

3.2.1 Huygen’ s Principle(Geometric Proof)
o RPER: 0, =0,
o PrHFEME: n;sind; = n,sin b,

3.2.2 Format’ s Principle(OPL min)

Another statement of Format’s Principle

Light, in going from point S to P, traverses the route having
the smallest optical path length.
\ n,

OPL = Z ns, = Jjn(s)ds \

n,

n;

min. traveling time

if ¢ 1s const.

min. optical path length
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3.3 Electromagnetic Approach
3.3.1 BAREH
Gauss MEEPE, DA B H&ESE; (BUF rreflection; r-transmission)
Eyi + Eor = Eot (3.1)

3.3.2 Fresnel Equations

The Fresnel Equations

(Linear, isotropic, homogeneous media)

Case 1: E 1 plane-of-incidence

n, n
—tcosf, ——"cosb,

_H Ay
n, n
—cosf, +—"cosd,
H; A,
n,
2—cos®,
H;
n, n
—-cosd, +—"cosd,
H; A,

Case 2: E // plane-of-incidence

n n,
—tcosf, ——cosb,
_(EOrJ _ 4 “,
=7 | T
I

Eq ﬂcosﬁi +£cos€t
H, H;
) 2 cos 0.
i, S :(& J o
Interface "ix " E n, n.
N " 0/ —Lcos@, +—"-cosb,
h % H; H;

EEUEMESERE, EEAM (3.1) 300 H FEESET . RIRNERN it &R

I
THFEE: po~ p =
E #EETASE
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_ [ Eo, _ m;cosb; —nycos by
L= Eoi ), micost; +n,cosb, (32)
A Ey: B 2n,; cos 0, '
L Eoi) | ~ n;cosb; + nycosb,
E FTFAGE
FEo, ng cos 8; — n; cos 0,
T = =
I FEy; | n; cos 0, + n; cos b;
3.3
b Eot\ 2n,; cos 0; (3.3)
= Ey; I ~ n;cos By, + ny cos b;
L ER, v oy (RIE) SO R3¢ NESN 246 0 (3.2) A, EERE 33) M A n 5 ¢ KX
HAE (NEAE, [ETEHE) 454 Fresnel’s Law(n, sin§; = n; sin6;):
- sin (91 — Ht)
" TS (0; +6,) (34)
_ tan (0; — 0,)
YT an (6 + 6,) (3:5)
2sin 6, cos 8,
= sin (6; + 0;) (36)
2sin 6, cos 0;
t)) = .
17 sin (0; + 6,) cos (6; — 6;) (3:7)
YT NS A (0,0, iR LR R AR (Letd; = 0):
(=rp)) 4+t =1 r+i =1 (38)

fRifkF (Polarization angle): 24 0,460, = Z Itf, ry =0, HWINKIFAEZ N 0,

&% (Critical angle) YEERMOCE A FUN ADGER TR (NI NS AN —HUEI, I msET

90°, MENSSFFRIG A1 6. = arcsin 2o

Summary

Fermat’s Principle (least time/least OPL)
Maxwell’s Equations

0

Snell’s law and Fresnel Equations

Huygen’s Principle (wavefront & geometry) :

* Normal incident, glancing incident
* Polarization angle

* Critical angle (evanescent wave)

* R, T and “conservation of energy”

EM-wave in metal (penetration depth)

Reflection
Snell’s Law
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Reflectance & Transmittance

ve cgpNn
I=(S)r=—E =——E

_ LA, LAcos8, I, (E,\° .

T TA;  LAcos®; I, -

LAy IAcos6; nE§ cosf, (ncos, e
"~ LA;  LAcos®; nEZ cos®; \n;cosb;

;_thj, I%%ﬂﬁg: Ryﬂfiﬁﬂilﬁ, Tj"jiﬁgj‘tbo E‘Hﬁﬁ%%ﬂ“[ﬁ‘{%ﬂ:
R+T=1 (3.9)

3.4 £EBRRCEHMN
JothH n WRIAS, IS FIFE S NS AR (FRATI0 n-S5WIKCH 59):

n2(w) = 1+ e ( e +3 J; ) (3.10)

gome \ —w? + ivew - wg; — w? +iyw

FIERE (Penetration Depth): IBEidX} Maxwell FFEAINRMIHE B IE, HESHEE+HH E:
E = Ege™"™Y/¢ cosw(t — npy/c) (3.11)

D45 BRI -
_ 2wng(w) -

= I(x) =Ipe” = (3.12)

E S T 3R E] 1/e WOVFIERE d, I GERD RE0E o =1/d:

c
d=g - (3.13)
BB RGN
E; = Ay exp(Frz) exp [i (ki — wt)] (3.14)
B kBT RIS (I RER A o X T IRME /N2 S AL IRIE T 36.8% (RN 1/e) HITREEN T IBIRE o
EFIRE N .
P (3.15)

K k/sin?6; — n2
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4 PIIEN

SYSU.SPA
F4E EHIEM

4.1 SEHIERK
BEERZE: ERIEHA K (Phasor)

Superposition of Coherent Harmonic Waves

/ANERYA UV

y7a\\NIY 7\ 7a\\

VARV

E = Z Eyexp(iwt + ia;) = Eyexp(iwt + ia)

EZ2 = Z EZ +2 Z Z EoiEgjcos(a; — a;)

j<ii=1
lel Ey;sin a;
* Epicos a;

tana =

_ : Random phase: Ej>=n E,>
If E,=L,, foralli In phase: E2=E,’

Iy (Standing waves): PN w AHIE, AR AT ZALAIRI AT
ANFEIRER PP e CCAPRANBON,  H— A2 Al )

E =2FE;sin (2T/t> <27th>
(4.1)
,_ 20T o, 20T
T+ Ty T — T
(4.1) Xrf, T HERZERAKRT” AR “Hm507. 5 WA LUT A
P k1+k2,km: ki — ks
2 2 (4.2)
o= w1+ ws i W1 — W2
2 T 2
= E = E| + By = 2E; cos(kp,x — wpt)expli(kz — wt)] (4.3)
4.2 SEHIT R
2 R FH AR B 0 G R A T R I 0 e
+Zancos nr +Zb sin(nx)
(4.4)

/ f(x) cos(nz)dx

-1 / f{)sin(na)ds
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SRS (w0 -k, 2 —t WL AT LU ).
Fla) =+ / " AGK) cos(ka)dk + / Bk sin(kz)dk
T Jo T Jo
A(k) :/ f(z) cos(kx)dx (4.5)
B(k) = /OO f(z) sin(kx)dx
T LS A R )
g(w) = 21/ f(t)e™tdt (wave’s decomposition)
T (4.6)
f(t) :/ g(w)e ™'dw  (wave’s superposition)
4.3 MBFHSTHERE
B A0 1 L R e, AR IURL T SIS IR G
Example 1. Square Pulse Example 2. Cosine Wave-train
Nf E, when |x|<£ — AN
1] f(x)=00 X ll_f .
/7 0 L2 g when [x] > 5 Eqcosk,x when |x| < L
’ feo = [0 when |x| > L
g o EOL% l WA/\/
VS ity 01 e, 30
wf 1N T AW =BG L T ey - R ]:
LRI, PR EAHER (Ax) HIERRETR (Af)Gauss 73 AL 1/e WHHME, WiL:
AkAz =4n
(4.7)
AwAt = 47
ENIENPVEE
o FHFITE] AL, = Aif
o MITKE AL, = cAt,
o PR DGR — B RDGREZE T RS K AE T8 B SR B 1 G B TR R 1.
o AT S RNSHT R B IER R, HE IR, wBREIE — T2
THEHE IR R AR Ay Af
S (4.8)
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B5E SRYRIR

5.1 EARES

He B RAIR A2 TG IR BN 7 [ A BUR) . B AR 2 AT 1) B ROIRBAL T, TR ROE I R E — N4
R T e

5.2 {miRE9D3E
E(z,t) = E,(2,t) + Ey(2,t) = iEo, cos(kz — wt) 4 j Eo, cos(kz — wt + €) (5.1)

e Linear polarization : e =0 or 7

o Circular polarization ¢ = +% — IE/AWA (BT /A TIERES k TRIKR)

) 4+ -2 == cose = sin” e 5.2
(EOy EOm EOy EOI ( )

« Random polarization : e. g. Natural lights

PLEBA —EME KR (LB INTT LAE)

Elliptical polarization:

P=R+L
E =aR £ 0L

5.3 Malus’s Law

CEp

10) = <°

Ej cos® 0 = 1(0) cos® 6 (5.3)

5.4 W5t

5.4.1 [RIBREFE
D =cE W e &2—A5kE, ATAT AKX Ak

e, 0
e=|0 ¢ 0 (5.4)
0 0 e,
X At 1) £ 8 SN T )
e
U=U.+U,=E-D
2 2 2 ; y | D2
=B +eyE, +¢e. B = =, + T + = (5.5)
D D D X2 vz z?
X=—F2Y=—1 = —t—+—=1

10
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5.4.2 BNHFEA—o - ray and e - ray

Hs o AR (5.5) BT L e A, HAF S5 =J71;

{to Birefringence
An= ( h,—n, )
c c
Vy Vi
OPtic
axis <: |:>7

U v

Negative single-axis crystal:
U The optic axis is the slow axis.
( larger refractive index )

o

iL12: o Jef E & 5IeREAI N A TAT R e s

ERE DA SRS BT ) LR AR S ARAL CGRREATHRAR T 3R AT AR AL

o YA IR MICH, KAEPTHEE: e JATEL “FHIW” PINITHE: no,ne (PIFET RO FTELER]
REF~ZE 7 BHOE A

* Optic axis

FIF AR ATRAAE o 65 e 6

Glan-Foucault Prism

Optic axis

Total reflection for o-ray . .
Absorbing paint

Mostly o-ray or glass plate

—

e-ray

j Optic axis &1
[ { {‘:’? n,=1.6584 = critical angle = 37.08°
£e n,=1.4864 = critical angle = 42.28°
alcit
/v,
B

11
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5.4.3 FELOEF

Phase Retarder — Wave Plates

o-wave OptiC

pree axis
|
= |
‘ E(v)
Eg‘:> 1 l I
|

W E (v)em—y— >k

|
Op|liC []

axis

Negative uniaxial retarder: n,<n,=v,>v,
(The optic axis is fast axis.)

Positive uniaxial retarder:  n.>n,=v,<v,
(The optic axis is slow axis.)

FIH ng, mes FEA A AAS R A, I AR (] B0 A IS () AN [ T AR AR AL 22 BEAT AR (R o
o T dng —ne| = (m+1/2) Ny EEH
o 1 B dne —ne| = (m+1/4) \o ZelwA2 A fii

e Fresnel Rhomb (F|H [ 4 IAHAI ZEIR ); Babinet Compensators (A5 B

5.4.4 SEFEHEILER
PR IFE BRI A] Pockels Effect,Kerr Effect,Faraday Isolator

Phase Modulation Amplitude Modulation

6
When @ <<1, Jo(®) =1 J1(6) = 3 Jn=2(8) = 0
f(®) = A[1 —msin(wpt)]sin(wt) fO) = AASin(wt)

m
f() = Asin(wt) + A0 cos(wt) sin wpt - Tcos(m —wp)t

f®=A4

- modulation modulation
sin(w — “’m)t{ depth frequency

Am
+ Tcos(w + wp)t

sin(wt) +gsin((u + wp)t —%

Lower
Sideband

Upper
Sideband

Carrier

lower
ideband

wer
leband

upper
sideband

v
"
————
——|

g |3

N | ———

=4

| —
[ (im——— |
e —
o
2 _

upper
sideband

5.5 FBEREFEIA

5.5.1 Mueller Matrices*

Stokes Parameters, ] 1*4 [m&#iiA, THERIHA];

5.5.2 Jones Matrices

Ey e
0z ] (5.6)

12
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Horizontal
P-state

It

Vertical
P-state

|

P-state
at +45°

P-state
at -45°

A F

R-state

)

L-state

T
L: iEy cos(kz — wt) + JE, cos (kz —wt+ 5)

- T
R: iE, cos(kz — wt) + JE, cos (kz — wt — E)

G AR Jones FEFE: FIHPRCARIRIOCL DL, BEIHHE, S 4R H, X RE

Horizontal linear 1
polarizer > 0
Vertical linear 0
polarizer ! 0
Linear polarizer 1)1
at +45° 7 2|1

Smaller n (larger phase velo
Smaller OPL
Smaller phase

Quarter-wave plate,

fast axis|vertical

Quarter-wave plate,
fast axis horizontal

Homogeneous circular
polarizer right o

Linear poiﬂrizcl' 1M1 -1 Homogeneous circular 1N =i
at —45 N 2 [_] 1 :| polarizer left C 5 1 ]
N | A —
5.5.3 TERE
1.A linear polarizer with the transmission axis at # wrt the x-axis.
y
Transmission 3 :
Fy ELvoaxis ! cos’d —sin26| 1
1 \J = !
g\ ! i 2 |
X I —sin26 sin” @ | |
/// Ex Ex : 1

U o
:\[ ::16:7] B [;fm?]
|

cos’® ]
3
] [QOSSSIHV

2.The fast axis is along the x-axis having a relativephase retardation of §

y

2md(n,—n,
(n, n/):5

Fast axis

13
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F6E HXHTH

6.1 EAREE

FeHI TP &8 R Bk 2 SR ATERS, e A ES M S .. XA LS EOsRMEHE
KT 8umss HET).

FEFSHENS: 1. WK 2. /11 R DA—FELD

6.2 MEETTE

6.2.1 MENETH

— 7747“'”"“»-,,,,n_w_w“ B
sz — S —
sl —

6.2.2 HEiE

(6.1)

6.2.3 Lloyd’ s mirror
FIH G FAAXIIRIE BRI ;s 1E B eI ik

14
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6.3 SRIETH
6.3.1 Double-beam interference
OPD = 2nsd cos 6,
) 4mdng 27N
phase shift = cos @t m,
4rrd 0 o
; = (nf —n?sin )12 g
\ P
HEEOCE BN A R —k: OGS ERIDGLI AT T, X BRI,
6.3.2 FHTH
ANSHFAAERE RAETW RN \
max: dcosf; = (2m + I)If (6.2)
. As
min: dcosf; = (2m)z (6.3)

6.3.3 FETS

AT B E FEARA I 5] L T AR A S RO b T SR TR ) T AR AL

BF 2T AR AL, HRRAE IR T
d ( +1))\f
m=(m+5)=
272

6.4 EAFSIMRINER

6.4.1 Newton’s ring
Newton’s rings

x>+ (R—d)> =R?
ifR>>d=x%=2Rd

1
max: 2 ngdpy, = (M + E)AO

1 1/2
= Xy = [(m + E)AfR]

(glass plate)

The diameter of the rings
vary with m'/2 .

Optical flat \Z

Black surface

6.4.2 Michelson’ s interferometer

i b, RTIETRB AT S5, MBI, X RAER,
EERNHATCUREEN d A28 H-2Z2)h PPT Fid 74 1A

15

VI JSE AT IR Fr) 3t 5 7

(6.4)
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Common-mode noise rejection

6.4.3 Others
o Heterodyne Interferometer (— 2 FMEGKIE H ARG BIFHKSHO
e Mach-Zehnder interferometer (n, FEl|~FHSE)

o Sagnac interferometer( ] /EFEREACIMLH, REZEf— “RH”)

6.5 Multiple-Beam Interference
XA~ Z, ARIALBTHES:

[2r/(1 —r2)]?sin?(6/2)

I, =1,
1+ [2r/(1 —r2)]2sin?(6/2) (6.5)
I, =1 1 .
T 2r /(1= r2))2sin?(6/2)
Coefficient of finesse F/
2 ! F=200 s
= TV
I, Fsin®(8/2) v
L _1+Fsin?(8/2) -
1 It _ 1 1 =020 2 =0.046
T 1+ Fsin?(8/2) | A
AiI'y funCtiOn \\ ' F=02 220046
What means 5= 2mm? J JLZM e
Standing wave in F-P cavity ?:WLL = :'»k T ‘J” 3
2 F
finesse = T i (6.6)
0 2
/\2
(AN)min = =2
e (6.7)
Afymin = ————
(&) and\/f
2 AN ST A sr
finesse = LI (Ao)y = (A (6.8)

(Aé)min (A)‘O)min (Af)min

16
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6.6 Single & Multilayer Films

sl BB ES TR R T EHR R L #A5:
1.When E 1 plane-of-incidence:

/f h __ssinkgh E
= o8 ST I s =g /@nl cos 0,11 (6.9)
—iyysinkgh  coskph Hy; Ho

2.When E // plane-of-incidence:

H;

Err
Hip

coskoh  isinkeh E
’ U] B i VY (6.10)
iy1sinkoh coskoh | |H; Ho cos ;11

Z IR, RN . —MAERAS, TEEE.

EBTE TS

7.1 EAREE

FEHIRT I A2 F8 6 I 8 B S 0 s R G2 I R AR IS i A SO R . AT S S BOC IR AR RS  J5 72 BT IR T
HRE: AEWZOERW RESERSE R R, X8 F ST R g
Uncertainty Principle fEAE 1t — PR A, 7T LUE B RAAATE.

7.2 Kirchhoff’ s ScalarDiffraction Theory

iBy [ e®Pt) cos(n, ) — cos(f, p)
EFp=—— dsS 7.1
o _ | (71)

Ja B URR T, FERGE I AT O — AN H AL
7.3 Fraunhofer Diffraction((ZiA175T)

7.3.1 ¥#H&

R> — (7.2)

R-Z23FFHONE BT, a-28%%; 1HHER LR L.
7.3.2 HERHE

Fraunhofer Diffraction of Rectangular Aperture

Assumption: coherent secondary point sources within the aperture.
Source point (0, y, z), Observation point (X, Y, Z)

iEqe ikt e ikr yY +zZ
Ep=——2 ds ~R(1-
PETTI L ﬁs T " R?

iEg eikL
A=abEy= 3L

d g v A Ee AE " [sina'] sin '
grass ‘ R o B

. kaZ ., kbY
o= g
2R 2R

I(Y,Z>=1<0)[Sh;,“,]r[5i2,ﬂ j

17
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Circular Aperture-[&EFL1%:

EeikR—wt)  ra 2m
_ AeR/ / eikpa/R) COS(¢—<I>)pdpd¢
p=0 J ¢=0

Airy Disk & Airy Rings

[ _2E34°(J,(kag/ R) ’
1/1(0) RZ (kaq/R)
/ o J(u=3.83)=0

VUEE MR (DR \
(Af)uin = 1227

Single Slit-K A6

sin 3 QBik‘bsinﬁ
g )2

Double Slits: —ZF LMl AXRMIEL, T Tiibgs H:

1(0) = 1(0) (

Experimental and Theoretical Results

EH/K

Principal maxima

RRK

Subsidiary maxima

D

1] llllm

ST Ez:
a(sin 8, —sin6;) = mA

7.4 Fresnel Dlﬁ'ractlon( F37175T)

AN R IZ 70 55 A N 7 S B AT R B T BORAR RAT S5 1
L. [A4L:

18
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Secondary wavelets:
E = B Kby expli(kp + kro — wt)] (7.7)
2 (p+rmo)
Primary wave, S—P:
Eo_ilk(ptro)—wt] (7.8)
(P + 7’0)
The Vibration Curve—JSBUAH AL R & B (1) 4387 77 1%
2. 77 4L: - " o
En — 120 —iwtgik(potro) / e du/ e dv (7.9)
2(,00 + TO) uy v1
R 10, e ) I 0 O (7.10)
PoToA PoToA
The Cornu Spiral— & &K & RIE KN,
3. KEEIEAL Gslit) —HZF—1U —oo
ARG —5 08 ,
1= 2 {[A(z) = AQ)] + [B(uz) = B(uy)]*} x
(7.11)
{[A@2) = AW + [B(v) - B}
— M E wv F A AAR.
Chap. 4 Polarization
e Pstate, ®- and £-state, E-state
Summary d
« Dichroism & birefringence
Chap. 2 Electromagnetic Theory & Light « Polarizer & wave-plates
+ Maxwell’s equations + Photoelasticity, Faraday effect, Kerr and Pockels effects
+ Dispersion relation + Jones matrices
Chap. 3 The propagation of Light Chap. 5 Interference
+ Snell’s law & Fresnel’s equations + Conditions for interference
« Total internal reflection « Wavefront-splitting interferometers
. Approach: (Young’s experiment, Lloyd’s mirror)
(1) Fermat’s Principle « Amplitude-splitting interferometers
(2) Electromagnetic Approach (1) Equal-inclination & equal-thickness interferometry

(2) Michelson, Mach-Zender and Sagnac interferometers

(3) Fabry-Perot interferometer
« Multilayer films (characteristic matrix)

Chap. 6 Diffraction
» Fraunhofer diffraction
(rectangular, circular aperture, single slit, double slits
many slits, diffraction grating)
+ Fresnel diffraction
(1) Fresnel zones & vibration curve
(circular aperture, circular obstacle)
(2) Cornu Spiral
(rectangular aperture, single slit, semi-infinite
opaque screen)

19
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E8F FiAKFIEMRE

8.1 FXFAiA

64k (Ray): R GBI T M) 1) HL4&

JER (Beam): —4HPATHI. KBUEILIRIFIGL .

P9 (Refraction): JGZ&M—FREE N 7 —FhEETIT, Hoym RSB MIG . (JRB: A&7 E R L)
Pt 3 (Refractive Index): FRANIETXT G AR, JEAE F 25 B3R 5 AR 2 i (P FE 2 L
455t (Total Internal Reflection): 2404k A Erdfr i 28 A BB NS BRI 5 F B0 5T, JF HNI MR T
FEAVRRE M EE 68 T84 SR BT 47 S AR R I A

e #Y (Dispersion): ASEBUEHGAE RGBT P AL IR AR, SBCLHAARKIER

fffk (Polarization): FERICHAIRSNIT FIFJENE, RATHRRETT A KRS e AL % -

R (Brewster’ s angle) XFRAMRE IR, HARCE BT RS G, RHIECALMIEE.

e (Wavelength)s 63 i1— 50 56 FELIIRKC

KMz (Frequency): fE—FPWEEHIMEEL, BHEHMKE (H2) F£iR.

J6HRE (Intensity): FRGEEMIHREE, SHEEEARMEA L.

BHT (Wavefront): 7E[F]—KZ, SGEARSNARALAH [R] 1 s 2B THT -

T¥ (Interference): PIANERE AN RIS FIOGH BN, J65R 5 A G 58 BRI R -

#HT (Coherence): HEIRPEHIAHAL IR RIFENE. N T AT, SLIETREEA — MM T%.

it (Diffraction): 4 GiEE B FEAF Y B IS BREENT, & LR TT 7 A A S LA .

FHAL (Phase): iR s A5 — AL E

WK (Wave Vector): FRZSGIALRE T ] FIEHUH) R &

8.2 SRR

FAT (Rainbow): 4PBHJEZE IR, SGEa KA RO BERITS, TR B A .
BRI H % (Blue Sky and Red Sunset): K75 F/NKLFBUR B KRG CGEE KKK
ot (L) BoyuREL. ARES, BOGMEEER S R 1 HER, KARLEREd M RRERE, 3\
TR B, T A KOG R SRR FH AR AL

KBTS (Refraction in Water): 4—E#E (A5 o0 Hidd Aoy, BRfEKH 72 s
M) o 3K 2 KA KA 1) 238 S B4 53

B (Mirror Reflection): JE&HT 2RI (W87 B, B REER, FHRNEEERAC
RIEIRE o

JKEBE (Magnifying Glass): 1MiE 5 il DMEYIIEE ER EESEPR R . X2 BN ER LTS, B0 7]RATM
A -

4= 5f (Total Internal Reflection): fE/KH[a] &, BFEAAERDCEASIKPEL, FEOKE T
AN X gk R I

JEHIEUN (Light Scattering): &K FI EAVZ /R FHINR (WA, FEz) B, SCERBEHUR K
E2OwICIN

3D Hi5% (3D Movies): L fl I PANIE A 22 7 (0 EUE AR IR FO IR, FRATTAR R v] AR RS R, A
M= AE = 4R

f# )t (Polarized Light): &R ASAGNLIEEE nT LLUR Fo VKR J7 1a] DG EGEE, AT/ BZ ORI 3R
XFEERE

J64FiEfE (Fiber Optic Communication): JYGZF A BG4 SO AL, 7T DLKHAE B snd e m B e ey .
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MR e — R YRS (b BEREE 58 F e ERES)

Quotes:

o B AR, FOETHGE XSRS %, IRt BRI B E, Reter 2 B i
i ——FE, FTEURAO N A WLER MBS R AR X AR 2 — R IR B B ok, Xt 2R
B BIANA —FEIHT, 2 BAR T B ol 7T LA E SRBIR EAT 4, SRBEAEIX H, 1
MIBLEESRAABAIATT, URATAY SR B SR 13X AT, BUONIRITIEAS R I [ 4 8O 25
W, R HE B

o XA FEHSLRER TIRA, BOYRZI LRI ZA Z 2 R F— AN E — A, 3L 13X
Ol FTCMbE] TIRANELRRAR, IREBIREEAT A, (REIEARZEA A, EAL, BATHRITR
Z NARERERLIITE DL, AR R EURSS, URATTEE 1 985, R2WRIRE MR B S HEMHE O,
HBREM 4, REJEHEFRAEAL, AR REES, RITTREEA LR B
R AR ? AR — BT AG T I NE PR, ARITSTEPTEM, BTG BB A A

o WARM T IXABRE, ARG REE HERAE, RITAEARXANHR?

o WHIEMRZ NBA, WAL, FOVBRNTEE SRR A ZI0H . A%, ZEXAKE,
FRATTHCIE E 27 B A VU PR SR A2 A8 SR I IS A o

Bt G, MR 2R, AR

T 2023 « &, NESZEL &N
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