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Abstract

The development of how to deliver message to others or communicate with other
people takes a very important part in the history of human beings. In ancient times,
people could only transmit a simple piece of information by primitive means such as
pigeons and flames, while they were inefficient and insufficient. Since the discovery
of modern electromagnetic waves, mankind began to transmit information through
radio with greatly improved efficiency. With the establishment of quantum theory in
last century, electronics industry was developing quickly and laid a solid foundation
for the rapid development of information technology today. We all know that the
process of information transmission and processing is physical, and its carriers are
mainly electrons and photons. The first computer came out as a big step forward for
the information processing method with electrons as the main carriers. Since then, the
rapid development of electronic integration technology has led us to the information

age directly. The popularization of various electronic products such as personal
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computers and mobile phones has also provided the cornerstone for the development
of emerging industries such as the Internet and artificial intelligence. The prospective
development of information technology relies on the new generation of integrated
chips with faster transmission speed, wider channels and advanced concepts. As the
photon is the fastest information carrier under the theoretical framework of physics,
exploitation on photonic integration is of great value. We know that according to the
theory of wave-particle duality, the wavelength of electrons is much smaller than that
of visible light, so integration of photons is much harder than that of electrons and
leads to the backwardness of photon-integrated technology. Therefore, some new
designs urgently need to be proposed based on fundamental physics.

First consider the basic characteristics of light that light is wave. Because of the
wave-like behavior of light, we can directly use the Huygens principle to describe the
wavefront of light and its propagation behavior in space. If we have the ability to
fabricate some specific micro/nano structures so that they can control the wavefront of
light at a small scale, we can use this method to control the motion of photons and the
energy distribution of the light field which will boost photonic integration technology.
Previously, scientists proposed such as photonic crystals, metamaterials and other
micro/nano structures for the construction of different systems to achieve the
integration of photonic chips.

On the other hand, with the rapid development of micro-fabrication technology
in recent decades, a variety of micro-fabrication methods have been proposed and

improved, allowing us to process micro/nano structures small enough for light
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manipulation from terahertz to optical frequency. In my work, I mainly use
metal/dielectric/metal or similar structures as the structural elements that regulate the
light field. Due to the presence of two layers of metal, coupling is easy to occur
between layers and even local magnetic plasmonic resonance forms to provide a very
effective means of controlling the light field at a small scale. Based on this structure, |
conducted some researches during my Ph.D. and achieved some physical applications:

1. We use the two-dimensional metal/dielectric/metal structure metasurface to
control the geometric phase of circular polarized light to achieve plasmonic spin
Hall effect and focusing, and realize surface plasmon holography in the
near-infrared of 1064 nm. This imaging method can not only flexibly realize
various holographic images, but also dynamically adjust the holographic image by
interference between two kinds of circular polarized light. Moreover, this
approach can be extended to a variety of bands and has many potential
applications for dynamic coherent imaging in future.

2. The realization of controlling plasmonic beams based on the optical spin Hall
effect of one-dimensional metamaterial consists of metal/dielectric/metal nanohole
structures. The accelerated motion and bremsstrahlung of charged particles in
curved spacetime are simulated by adjusting the geometric phase of the metallic
nanopore structure. Furthermore, through the principle of generalized covariant
transformation in general relativity, a series of one-dimensional metamaterials
with generating same plasmonic beam can be designed. Then we can further

understand the essence of this transformation which is equivalent to describe same
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motion in different inertial reference systems. Under this expression, we can
extend it to the accelerated coordinate system under the approximate conditions,
and analogy to the transformation of the inertial coordinate system to the Rindler
coordinate system, we can experimentally generate the Rindler beam.

3. The metal/medium/metal kind of metasurface can also be used to regulate thermal
radiation. The photonic crystal is realized through periodically modulating the
metal/dielectric/metal waveguide mode with periodically designed metallic
structure. In the experiment, we can flexibly control the polarization, intensity,
angle and frequency of thermal radiation through the band and dispersion of this
metasurface photonic crystal.

I will conclude my work at the end of my essay.
In view of the limitations of author's knowledge, the paper has inevitable

omissions, please understand and correct.

Keyword:
Metamaterials,
Optical Spin-Hall effect,
Surface Plasmon Holography,
Transformation Optics Surface Plasmon Polariton (TOSPP),

MDM Thermal Radiation
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gOO gOO

BRI AR T AR bR AR 0 22 5 1 3 5 Rt A2 0 AN A M R R 2

m

251t 7 1) S5 R0CH A B
ISR o X P A 2R 2 () B0 48 RV AR AR AR ' 2 S BRI FH HRL R A LS AL
Lt (AR AL T AT Re M. BE TR, S S I TR AR R AR 5 i
H ¥ R [19,20,68-74], FLFEEHUR(75], 51 AR INR(76,77], FHL[78], BE®
ER5T[79-82], KHENE(83,84)55 o X LUk LA B H2AE = 1 oMLl 1 T R 7T DAAE SE 50 %
ST TR S

FRATTZH 3 e A Y R 1 T BOAE T O B 1 n ] 0] PR R 4 e A
AN T3 o A A0 5B FE AR AL 2 512 I 555 R T S R AR A A3 — R e K SR
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(a) (b)

(c)

K 1.10 S5 0 et k. (@) KEOREE. (b) SERoaEE. (o) LWmER. (d) EREmLR.
[20]

RIS R oA, R BRI — sk 1 3e 7 B m R [21], ank 1.10 . [A]
ISf A A PO — T BESE I 1 RLAEL SCHRHE o0t 51 1@ R Bt , AL R ASAE T 5 2
RIS AT DA SE 06 S A S A REEL[20], A 1.11 Pl

TRATIR L L X — R R SCIL T Mikaelian i& 5%, [FIFEIE I 75 %5 b 5 1
5 L SRS R BT S 2 A, SR A R OGRS 22 (B e R & 1 e ] ek
I R oA, HOup e e B A R AN, FATRT BUR L B R AR
BOSLHEAT Gt 117 HL 4 S B I A5 A% 3 b BT BB PR [85], WlE 1.12 P

HETRE0, BATER LA I8 A5 U B ) 28 X1 25 A 47 5 5 14
FETIAPERAI T B R E M ds? = dt? — dr? — a?r?de? — dz?, FEH LI E &

PERITSS, HAmYTAE Hathe, WK 1.13 Fis. [86]
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1.
Smaller lens 0 } Smaller lens

X (um)

Z (um)

B 111 B E SRR E FEEE . (@) mER.  (b) SLRLAWE.  (cf) SLigii. [21]

3 = Experiment
PMMA = Mikaelian lens

Experimental

Numerical

K 1.12 (a, ) MBEDEHIERRER . (b) SRS RN (d, f) TSI EEE R LIE BB
(f, 9) SEELAITHE S5 RSB Sin BEIRCR . [85]

12



HE it

K 1.13 (@) ARFIERENERER. (b)) RETHIPNARNT. () RETTEMKZ. (b) &
RN AIERIR 2. [86]

1.2.2 4 BHRE 5T B RE R MM

FATVREE R RN AU R KT AL 2 i S A I 7 B
J7 N by, SO B TR AR e AR R B ZE[8T] . SRAMIFERER S B
H T L E AN, 2 o i B SR R 2 ORI A AN R B R LT
[ AF 52 (14 77 1) SR T B B IR BUBE o I — B G B R el T R 5 B 2 R
Dyakonov, M. I.#1 Perel, V. I.7£ 1971 “E & Je 1M, ARATTE KGe 1 B e H i 1 A%
w[88]. |1 1999 4F, HJEFE RASLX A Hirsch, J. E.1E KR I FE - H
TR RN[89]. BEERAITRIMNA = H4F G, H IR /KN4 T eSS b3 B
L 5[90,91] .

£ 2004 SE I, H AR Onoda, M2 K H HEEE /R RREX —HESHE
B, R TOGH E R IR RN [44] . AT ' B A e i IR AN A e i
X A L2 P ANAE S B - e ) LA ) R S L, T B R R RN
U Sy stk T AN [ P 3 i e s R i AN [ o A TT MBS BB S, SRAEAN R4 5

N

K 1.14 JefESr 5oy i b SO B S i B B I A% . [44]
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T b S5z S5 B AT 5 I A7 AR 2R ALL T LT B R R AU O B e AR RS (Spin Halll
Effect of Light, SHELD: 7EA 4T3 R B EIE I ANAIERTTS, DR B it I
BTSRRI MR A B2, e 1.14 fios.

2008 4F, E[H Ilinois K% Hosten, O.f! Kwiat, P.F|H 55l & (Weak
Measurement) 7535, B RMELEE FUESE TIX—I4[92], Wi 1.15 fiR. S5H
T BN KRS T R A S BT ) T e AR — R, TR N A
A 3645 SR e B (0 R A, AT 58 4 1 e e | DR AR RS R F S
BTG TOR BRI T AR, IR RTRERT ALt — 1R 8L T B e BT 2% (Spintronics)

3T ARt —— H it 127 (Spin-optics)..

Xi

(c)

60 F
40
20

—20F
—40F
60 F

displacement (nm)
o

y

6, (degrees)

K 1.15 2 MBI T 60 B e RN (@) PIRPASIE] 3 B L — 52 A S
A MR TT AR A AL o (D) AN R -F T e 2o S T I Al Ak 70 7 B AR A . (c)
BARTHELAIK DY 633nm ST NS I NG S IR K% R . [92]

HL PO THRER B BER T B AR PUEAZE, TP HXEH
H 5 AT LAZS BATT R T 27 oK BE 2 B35 DL R B LA, DRLBEAIT 780 B E e pLiE
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FE R

FHELAE AR AS 70 B2, FEOGH) B RRBUE R BAE I Th A P& LU AL 2 —
ASEICII B [93-95], Ji— N2 JLAARAL (AT LAY /2 Berry #H17) [96,97],
A AT A TR

JeRT LA B R, AR ST A K. R IOE AT LU 2 RS [ Y
faahe, GRS, MR LR A A R TWINE B
Ss PO BN L™ RSMIE AN A L o i SR AR S 5 IR R R AR AL
7730 JeR T e RIS K. BR T EE P, X =R A A H LT R
BSHIRE: A o=+1RTEREFOCERAIOE; Wi T80, 7T %
fi: AL IIRE AR R = (F), Wikl 1.16 Fion. L E=FfAzhEA PR
X (FAMBBCHCAAL =)

" =12, ™ =RxP (1.14)

K 116 BEHOCRK MR, (@) ARMICHI R . (b) WHLEMZTERRIOLR,
WIRETFHN 2. () SMUEABE., [45]

X =G A Bl 1A AR ELAE AR B AL 0 D6 Y B A BAE

A H B e A 3 B AT SNUE S R AN AR S R E R RN, B
(A BB E KA B e IAEAL - SR B e A sh AN S s BRI & 772 T B i
BhIE A SR EAREAL . T A S f SR AN SN UE SR A A A S B Pl
IR AUN[98,99] -

R A T U AR A o S LA AR A7 05T P A A S RN e e A
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HE it

PRI IR G o 2998 e 3] il A B2 B 5 [R]85 PR AR T A sk
65 22 28 e 1) R B AR A A4S — L8 S 1)l ] ARAR 7 (58 (A 3 o o ] B 1K) —
AT R AL bR e X 55 e R B 1 L 1,17, IR w61 z Sl A 1 40
HiEfzhant, BB ERET o R+icy, FRETRMNARAM KR, 4
Lez MEH M oI, E° — E” exp(—iop) » HA UMM AN D, =—0p .

Rotated coordinate frame

y | | SO
“ x ” x

Right-hand Left-hand

polarization polarization

Bl 117 ZZERS 00T AAbRlies SRR O A e 1 LITAAL A D - [45]

A5~ SO VF A T B 250 — MBI IE &L, BT B ARG 7 17 A i 7 1)
WAOCBAE W B s, I HARS B RA | MK Q, , fEESH ¢
b AR NS T 2Z AL AT T BAES B LATAI G A g = —[S-Q d¢ o IX—fij 8
“F 7157 H3L[100,101], St— T Arig M Pancharatnam-Berry F H Jig & & [
(spin-redirection) JE UK JUMIAHAZ[96,97], H HARRE T H AL 1) 23 8 (7 %
[102,103] LA S Bt HL B 28 [104,105] 2 [8] FIAHACA A

X 28— ANE S o b 8 TR 5 ) AR 5 B0 AR T LR AR Az F) 2 2
Fo EHEA PP AT FE R EE TR R, Hk-E=0. W 1.18
B s ARAARI T30 SR 17 HL 73 [ S A 2R 22 TR i B BR TR AR D) o AEBR T A 2R
PR AN R G ) H B R AN T = 4 ) AR ZR R RS 5 JF e b 3 3 i '
ot b UATARAL . FEBRARFRHBR @@@¢ﬁ%%ATHEmm%E()
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HE it

JUART AR B 5 7T LA FH B3 1) D1 B 3% 4 (Berry connection)  A” 1 UL % (Berry

curvature) F kHii&[96,97,101,106-108]:

KU(E):—iE"*-(VR)Ec’:-%cotaé (1.15)
E”(R):vaKU :0% (1.16)
ky
Circular Electric-field
polarizatians K o vectors

1.18 =HEfH o0 T AL bR e % S BURHAS B e i) JLATARDZ A D - [45]

B 7 LA b R SRS AT — L8 5 1 B AE - B B () R AR AL CREH T R
W7 AVASASFEMENERE o P AN [F )« HLfar 7o F b DB RN D1 L i 2R Re A8 1 e
WAER) E IR ERS & IR, LLIn e 7R RN

DU HL R SO VFFRATT EEASA [R5 4% [71) AN [5) 7 [ A% 40k B D' AR AN o 240 R —
SAEPL R ERI F BRI C AL, 2KETF “RE3 7 A KA Aharonov-Bohm
Mz, ATLLAEL LTI g = [ (A -dK. BUE 118 S, MBS C A0
i, Zeh Rt AR 3 8 A R I T UAT AR AL ©g = -0pcos @, S ik O ) % 4 Jie
¥ -gcosOMMIEZ. X5 “Jefk HigMmshEME” Rk -S,6 —F. X TN
f, MG ABRRIR IR 20 I, 4RI Dy, = 270 (1-cos), H 47214
JIT Rl F A f R 5E [96,97] -

ZEICFATOCH M B URARGCH 7RI 8 TR, e w] Bk — 5 B AL
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HE it

) B EPUEA TAE M - ARG B BEE AR TAFE A b, 3RATRT AHEAT 407 B J LA 2>
HKo B3I, AEMIRBOCAE A>T 50 45 SR BT 36 i 2 7 A — A R A
IR B eI AL, X2 G H e /R RN [44,92,109-114] . 1X— R
P T R TG R AR T AR X 1R 1 o ) B IR [92,112], ARG S
TP AR B IR AR AL, RSN AT 1 A TR S N [115,116] . 25 2K, IS
HUE AR R B BN B R G BT 2 AR, B I /INRIORE BSUHS (8 D 41 06 B IR, 2577
A B MR R G T e . X2 B e BLIE A 3h B A AR 67 Bl 3 A TR A 1
[117-125] . T A8 AR 65 b 3 v (814 AL bR 3 B B 2 72 28 B i %8 /R BN 1 AL 7%
[100,126-128]. IXLEAF RORIET LT MZEARIE f s B A5 [107,129], JFHE
NHE R PR RAZ [126], J6iIE[119,120,130], BUF A5 FE 6 e [131,132]
AN IR g S5 R 1) B T4 11 ¥ ' X AH L4 A [100,123,128,133,134] h 3 1 B 22
it =38, BRI ARG HRAE G AT A% 3 [135] BAE 2% 17 1 b Ak rh A% 4R
I [136-138], K74 — N30k e 2 e e AL O AR o B BB )l A B T
B 100 e M B 2 5 5 R TG G A 2R D S S e L AR LA A B0 0 0
RICHRT S I ) e A0 360 11 B 8 FH D' 42 141 [48,139-145] 45 & E i HUE #H HLAE F Fn &5
KRBT AR L VE 2 1 & SEIL BT I 25 T B BE I % A3 52 [48,145-148] . %Y
R, AR B P A AR S AR R Y, TR [ R 5 A 8 ) B i D' R 6 2
By ml A BB e AR 5 00 1 e 428 1) 0 50 1) SR PR R T B Y 5 AR 7 [149-156] « 3X
SR TG R ) e B AR N2 4b[157,158], R LARITE ¥ (1006 1) e AR R 58 B
RILHK[159]. T IX AR FISERE AR, R R B R, X — N4t T 30
FNGT52[28], BTG MR [160], H etz il ) 5 e AR S AL B [161] 2
[A]FRTIR 5 o
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FE R

IR B AR — S AR OGN AR . 2011 4, MG FROK% Capasso R iR 2
£ Science %8 ERRICE, SR TSN ST E A 37

ﬂn@—ﬂn@:—i—gg (1.17)
2zn, dx

dn@m—ﬂnamzlzgg- (1.18)
27 dx

M EBATRT B 25— A S 2 AXHEIN 1 — T by - 3R AR LB B 11 51 N
BT LA ORIE S & 5318, [FIEAE 5 AN i 2 S0 ] A 31 5 304 I BT xt Rz

BIE, HARGE 1.19.

FEl 1,19 R CE0 TR F B G2 AR 7 b I dd-+d b . [37]

P T ORAE BARSEIG I SEB b, ABAMER T “V7 FRI S JE bR el T4 T 1H)

— LR AR NS AN FIRE LI 4 o 1 e T TR SRR B R A K SRR
LU AR R SE I, dnfEl 1.20 R

1.0{ = 3 /.-\\ s ph'ase +1.0

y === amplitude

Phase (n)
o
(4]
\

o

o
o}
|\

o

o

B 1.20 & @ HURAM AR 2 A SC R, o B 1B & RoR 12 KL
IS —Br iR ILAR . [37]

IXFEI B LR R LT DUE BRI “V7 BIREZ ., E 1.21 Fios—A “Vv”
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R 2 AT LIE I 28 31 37 9 R R AT B R Rk PR A 2, 0K 3 (R IR 7 T 55 R 2k
XIFRAIE S 45 HUNHIHIZEE T NGy, JFHE 1.21 P @), (b)a5t ™
A RO B3 I S AR 2 AR AL

(a) Symmetric mode  Antisymmetric mode

B 121 “V” BIERENSTFRAIRT R, BaXFR, a0k, FmE
FREEACR HRRE, Hiaf kR om IR M. (o) PR L5 5 (b) b i B 45 1
BAZ IR [37]

ke 1.22, TR V7 RERER] LIS BIHUN G 1 s AR AL 2 B S5
AL, “V7 RURGOFE NEAZ B, KIS HAA “V7 BREWE KM
PR 2 TB] ER I Sy o ST i N R SE BRI 8 K. £EIR 1.22 A b %
PO FIRE, HARERAE S P A RO “V7 RO R AN L .

(a) Amplitude  (b) Phase Shift
(nonnaliz1ed) ) (degree

8 T80
‘ 135
3 - 90
E1. 45
" 0
g | s
| l-go
0.4 -135

"0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180

A (degree) A (degree)
1.22 (a) AicsHt i B B 45 K R K AN T A AR A IR A BE ], (o) HBUSS A A7 A 1 I 45 A R AT g A
. [37]

F, CERR] T AR ST €, Al 1.23 Fror.
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FE R

FEBLH T, X — RN FIRE R 9 BEANAS [F AR R0 AT . ARBTG5 48 PR
A ZEn /4. R 1.23 hfoR T “V7 BUOREIAEREARS LA I A AL AR,
R,y AR IE NS HOR, x J5 AR IR, RS Ez < 04k, ATRAE IR
LS I BRI, TR BN\ 22— BT Y, O . B R 20

24 P IR BT R AE X-2 7 2L RS PRI T o 22 T R AR AT J B, s 3 3 A0 el o 2
4

zg"x

0 r/8 r/4 3r/8 r/i2 5T/8 3r/4 /8

1.23 AERhEITEERIR FDTD B4 . [37]

FIEE, tBAT AR XL V7 RUZER IR AT e Bl ie ek . i 1.24, ¥
(a) (b)

3n/2 5n/4

(c) (d)

B 1.24 FIFHZHSBLRTE. (Q45WE. O)REHK. WECMITH )M+
WHE. [37



P 3 NAS By BRSO A R A, A S B [X 3 T R 5 ) i T
HIARALZE /4 XM 25— IR i G M AN S5 R HE ELAE e w2 iy i e A AL,
4B AN ] T A% 1 PR e O RO LT a2 15 B e 5

SACL R A FH A 2 T 5 A8 SRR AT A T i) AR I IR 22 [162], 4l 1.25
PR, B B JR 2 B AL “H” B 5 R R 2 A A1 2 T A 495 1) PR
P LA 100% )RR BAL R IR, ITEESL T — > m R AL 77 3([38].

K 1.25 FiFH 450 S 25 (A9 BIR H B AL . Q)FEERER. )ZEME. ()
W E R = BRI LS 5. [38]

BEAN ST T UATAI AL FBEE ST G R mIRE RIS 26 T, AR R
i ] B e 25 A RT CASRASAS R A AR o T 45 H(E % B R EL S
RGN EEN N, PO BB, X R R SN LAk 1 V2 058
Zhbo il 1.26 Frow, Bl T R MU SEBURE I T, ansk

RS I -~
x I N7 XN
A INr=x

1.26 (@)F &5 M) LA S P 4 S B AT S D 4, JF B SR SEBLIRBROL R R 2. [163]
(b) TS JUART 57 S8 2 T 45 2 e DA T e 3= 32 S 0L 1 45 9 e 1 R e A . [145] (c) A
RV LA R 5 10 2 1 7 A A e SE AR T AN [R] I (iR ) € B h 28 . [48]



A U R LA A UART AR 7 8 428 S5 S 3 i A SEE B S s S /7 49 [163] ;- Capasso
FUE VR M T AT AR 532 1 2 T 25 8 e AN T e 0 S I R T 4% Vs
A {5 [145]); Hasman #85 PRABUZEA A T UATAR A2 R0 2 1 75 1 AR Ak WoT sk LR

T AN [ [ i A1 1) € 3 £ [48]
W67 B S B0 LA AL AR PP AT 7 i R 5, BANE B e ki L
AL AN —FER, FTEMREE 5 SEDDC I B e /RN . L, XLl LAY
(a)

P 1.27 (a) FH B A4 3R TH SRS — AN B w6 1 SR A2 B Bt I — MR IR G I BB 55 [164] - (D)
A ) 22 T SE IR /5 R0 4 IR A5 [165] » () FH 78 v 38 T S BRLAR 5t 9 e F B v B 4 S8 5 SR [166]

L FIE G 2 a8 U 1B e[ 164] » e R4 2 U [165], 98 I Bk s H ig i) 42 5 [166]
ST, WP 1.27, HE AL R RS R RIS MR Y LRI A S A 3 AR F AR
JH 3K 7 F 1) 5 9 B G 68 22 1 A5 0% 5% [167,168] A 753X — 7 THI [T 50 B R 17 92
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reseseene
T

PPPPPPPPPPPPe

Z (pm)

ONEEN— 1 O NN 1 O BN T O EEEEESSS T O EEEESSSC T O EEEESS T O EES——

T
o o oo et oo cieson
m

- :

i
o i
g :

l &

2 £

2 o

-

N | | | | [ PH
~ 0 g
g
P :

o £

»

o o

Pl 1.28 ] Fi e ) 2 1 1 JLART A 467 R 08 1) 3 ) 1 PR S B (a) 21 M9 €22 B TR AR B 4 [167].- (b)
Al WGt 2 1B 54 [168] .

Plasmonic Reflectarray Dielectric Metasurfaca.es and High-
Metasurfaces Contrast Transmitarray

Resonance

Maximum phase
tuning

delay

Pancharatnam-
Berry phase

Berry and
resonant tuning

sub-A Regime Near-A Regime
K 1.29 =FhscBlgh& LA AL IR B TR 5 2, AR mast, AN s

F. [169]
W T, il 1.28. ik, JANEH T RBCEA T AR AL AT [169],
i 1.29.

Ak, BE B @ IOGH S R H R E TR T I, (A AE L
TR DX AR A P AR R ST AL 7 A 4 A S SR A5 5 DIt B L B R I 2 AEAR A T

[ ) 73 B — DL I T 2 ok — e i A BL[159,170], i 1.30 R

24



—i iR

#

SR/ 2 O\

P 1.30 (@)A1 (1 F BB A B E . (b)REI (K B BB A B . (o) ) Al B2 F T AL AT ik
A e BIE B BT MR A . [159,170]

1.2.3 &R B/ RBAME RS RS

FEJG 27 S TR ORI AE AR . OISR & oy RN,
TR R A Rk B T G 25 ) 7 SR R R A SE IO — BRI — P R T & o LT 75 76
AT P K 2 < 2 25 Ky SI RS % — LR ) 58 SRR [271] . 4n ] 1.31 s,

(@)

~
(g}
N
o

Reflectance

9 1" 12

001 S 10
Frequency (GHz)

®

~
o
~

nce, rbance

£ 8 8 5

o o © o

8 88 %8

ISSILUSURI |

Transmission

© 2 92 2 9 o

S 8 ® 8 8

/ T (‘:

10 " 12 13 14
Frequency (GHz)

Kl 1.31 ()it (b)THEEAARIR AT (SR, ST CEED L () #. (o)
B O [171]
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) P 1) 0y FL IR 25 R L 0 2% 0 2 [ A Jo LA B T S5 A X 2 11.5GHZ 1A K sk
ITE MM S5 IR 26 F T, A B R B R B FE L b . IR 2R
R 7E AR 22 U3, T DA P A 45 ) 1 b R A g 7 2 S IR L8 B R AL
[172].

FH T3 — J B LT 0L, i DA T () P 8 ) iR s T s ey R e ix — 5
AT DAHES 2 FRG I 1 45 D% B [25,26,172-174] . IEAL, JEIEREL RSN, AT
BE— DR F XA R SR 2 AR IR [172], X SRS U [175], X ANIE]
R SB[ IR IS [176], SIS AR 45 M B [177,178] . W& 1.32 FTo

(a) ‘ —’F '*‘F ‘ "/3 s (b)

P 1.32(a) 4 R AR« A1 5 R 4 i 445 ) S BRI 41 4 ) 5 WSO FH 1 35 B oo I 38 [25] - (b)
SABLIR) 7 T 1) 4 S 5 W S 5 S Wi [26] 0 () 3 B I 42 45 M S Bpmdth (1 58 56T
WL[174]0 (o)< 5 4 5 45 A A PR 1 A SR 0 S IR S SRR [173] . (e) &I AR A T 4 )
T AR 128 33 (R R RC [ 1761 (BRI FH 22 J2 5 R SRS LG 3 WA Bk 2ok 2 5 B 5 1 W W [175] » - ()
) P A AN 5 ) S R 42 4 B 45 A P TR A8 L T R A I 5 M £ [178] 0 (h) R A R K/ ke s
A EBH[L77].

IR LRI ] AR Y 4 J B A R 2 TR AR &, SEBIL RS 1 9 A OR
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HE it

1, AR T A A USRI 6215 5 24T Ty B iR 4%, 32— MREF 1t
FOLEYIBAH AR &, BIand A LC IR R G aUe &1 R GR & 52l
4n%s Rabi #fk3% MR AN[179-184], B2 I & 1 5y 2 155 5¢[185-189], #K
INECRY N &k B i AR

E SRR 7 R RRL A SRR AR, BN R AN AN S A
FARHASR S I — LE TAF . 15 Je 258/ — N SRR S B A - A2 — 22 HT3,
T ITE4n 1 RS R AR S I B e 2 3

4 8zhf® 1
u(f,T)="21(fT) =" ——— (1.19)
C C T
e 1
B
u(aT)=Z )t 1 (1.20)
c e/‘LkBT _1

HrhuwgR R EEE, RRE, fRIE, VERK, Wl s, ks RIIRZE
SWH, TRIRE, codltE. A 7RER AT, AT DUNTERE 5 §E ) 02
AR E R VYR J7 BB b, 1E andTRs ik -3 /R 2% 2 e 1 (Stefan-Boltzmann law) Fr7s %}
T AR
E,=o,T" (1.21)
Hro, = 2kgn®)/(15¢*h*), ERHAREGSRER G2, SR
JH 14838 FR AR A e Bt s ) (O 170 ) 70 A R PR 22 DUy 5 1 (Lambert’s law), 44
RO 7] A 3E [ R E A0
E,, =1cosé (1.22)
SRR b AN R R R SCORT 6 B 3o R A N T S Y, 3 R B R VAR O

(Kirchhoff's law of thermal radiation) 5 JFIRA TR WO FAE 5 2835 20 T L &
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FE R

E(Z’ 0, » T):a(i’ 0, », T) (1.23)

Hrpe R AR, a e MRHIRCR .

I, 3 TR R AR Sl R B AT DA S HE AR S R L. ] 1.33
iz, F - B G5 A C G b o R TR 30 P 462 e A T DA S B — Ik B P 4
e, FE— 25 T BAAE Rl — A S BT B AN R RS I+ 7 R b, Xt T A
7] FR) 235 0 X AN [ I8 A WR ATl T LA S B 20 3 B PRI MRUAL o (R B 3 SRR i 2 /R R
ARG ERE, I LR R R AT AT RS2 4R S RO, L2 0T USRI 2 MR 1Y

R S B TV R A 47

(b) 10

(a)

o
©

Absorptivity
o o
PO

Absorptivity

f f | | | N
4 5 6 7 4 8 9 10
Wavelength (um)

5 10 15 20 25 0
Wavelength (um)

(peu) gseD Jo 303

00
4 5 6 7 8 9 4 5 6 7 8 9 10

4 1.33 (a)ﬁm;ﬂﬂﬁllﬁzﬁﬁﬁ’ﬂ*gm (gimmwmmv:ﬁu;;u (0 F kg

R IR B0 LA RSO ()P T S B0 5 O

ARG T ) P A 2 T SO B AT YRS, 348 R AR P A R T S AR T
(RIS, L o) B A TR A S BAR T ) FAAR ST [46] . LAk, e Tl g —
MBEFFE, oL TR #4551 [190-192] .
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AR URARAL FIN SRS IS, nT DA B A 1 AR S 5 bl
WRAEE R T 75 T ARG rT A BIA T GRS E 5, RE4 6 EaT LOR#E L
AT AR AL R A4 R TR 5 44, sl mT LA & 24458 ) e ) B (5 5, i 1] 1.34[48,193,194] .

Emission (arb. units) ~ Reflection (arb. units) oy

1

k] E 0 0
820 825 830 835 840 845 850 ks (xf@) k(4wd,) k(4x/d,)

w/2xc (em)
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48



5EE R/ R A R 5 B O RN

ikyz(0)

Er(xy)==7—Z(0)V+E, (x.y)
P (2.9)
I:|T(X1 y) = 7 (O) Zx ET (X’ y)

ARN(R.9)HZ(0) = bk,/(ikoe(0)#E X WK (z=0) KIHTL, ¥HEBIHMAN
ARL5)ZEMF T R 5
TRAT 2 o T 2R THT 45 B G 1 BT 2 0 H — R B (R 990K i A o i N O3 )
T BT BUR T ) o B — K & SR A1 T AR B RS B K 9F
HAT DAE T AR — AR TIRED = pek + pyd o EEHAIRE A mORIEE
& BRI R A B iot, HHIgNE,[51],
E,=iyH (ke [x%+y9|) P- £ (2.10)
Horhy RARE RM, Hy Renbh 55— 30/ J782 (Hankel function). R % F—
AN LB T 2070 (Meq) 1E-5IE MIBEU AN A LE [ A P fin i B A H R E, 48
S
Em%{ﬁxmm)%nHP(Mm+yﬂ) (2.11)
FreA, FAT AT LA
m_ =iZx p (2.12)
PR I — RPN HEAE T (TSRO a5 8D FoA R 2R TH 25 B ot ] LSS
R P TR B B ke sp B33 20 15 537 H IS0 BOREARAR TR BEADL, Hohkgp H AT
(2.5)7€ LI H IR 75 B = YEASLAU. 2 G211 N IR A R E, BV AT o 32X — 25 24O 40 ]
DAPR AL B H AR R R ST IME, (B R, FF R FE— A4 R R BRI T H .
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2.3 @B /N R /S BPKRILE WS JUATARAL R E

B 2.4 JER T BRATNEAGRITT 6. OEPZBURA L IO TR Z . —
FHI KM A T BRI b, SRR R BRI L, il
ax, y) Yesi JLIE) 2.4(a) HI > 1064nm F)24 S PO 23 1 B\ ST SRS 2R 1
TE G 8 5 U ST ™ A L T 5 B P 5 0 7 W R A M
PRSI, 1 GITE G0 b Ko o LA S A b e B T4 b T 9
SN URTARRL £2a, B JURTHRLOR T2 SRR AL4R S5 [27-33) . sk 2 BTy 3%
AR S PR AT T LA 3 A 2T 5 B O E 5, R AT DA T 7 Rkt o
AR
f.(E,)= i% arg(d,E, +io,E, ) + constant (2.13)
% bR S B T R EE L e e R 9 6 N S B AT T LA B e, ) =
fo(ED), T e IR AN AT LA Bla(x, y) = fL(E;). XEIR T AR
FY 1 45 1 9 R 26 B O B S B 1 3 LA PR % T 2 o
% B WO IR LR A R B T R R = (B)" .« X I TR
5% R 3 BoK 11T LTARGLAE AR 1 BECHOR FAIBLARR - 7Bk, eI A e
DN AREN 635 2 I F A RIS, B TRR 2 ML B, i) 2.4(a)-
537 T, A SRR TS 72 P AR e 7L 2 ) 0 T B X B 0 22 T 55
WOT R, W 2.4, FOMTHET DUKERE BN A DX AR 1 22T 45
BT VR A SR AMIB I . fA FERERE R0 L AT AR, (BRI L
A R R T B MOE A B 0 T S — A e, 31 bR X A e T 25
B W0TE 0 43 0 P IED 0 A R T A R A . BB, A RO B B R
joUksplF1) = (HSP CsplF1) + HP Cespl71) ) /2, BT T ZEARAIE i PO 5 0755
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SR R/ )R A R TR B S TR IR RN

ANLE E;, HH RV L [ P 6 A DG FE - A U U, A5 DA 0 £ 2 R M R e e 15 2.
XL G R iR AS BAYRA TCR L . X —TURBEAEAT 2 7 H AR X3 £ 3R
T 25 B PTG IR IR AT LA 30 %ok AN [ £ B e e A Jl AN [R] IR T S5 B e i - 21 0L
SRR — E B, FATR UGB 1L 1 LT AR 5215 21 <6 JE A8 IR e e 15

4%\ :

(2.14)

a=f, (E)=1_(E])WithE;=(E}) a=f (EL+(E))=1_(E;+(E)")

@

Pl 2.4 RIS B WOT DB R RMBL. (2 b)HI R ISR E S — y Il A
HONERE F (e, y) s RAIDSEAGANAE RO AT R I DI i DBIE NSRRI . bttt
() B4 7 W ) O AR 47 W D (R 1 A€ 5 B 0 B/ B (RN AR, B FE DR
;= (EF)"s B(b) AR I UL RE ML A E 20T L 98 ML BR300
AT R AR BT () SR 0 U P el T BB B R e K
500 4K, 96 50 4K, FEIIING 706 4K, BN 4 HOk. (d)SK EHYR S
B MBS BTE R, EF0E SOBCH bRI APOnr 2 — [ 52 TR A Y AR ST 78
-5 e R e BB U2 ) MRS 5 oy o BTRA, [ A RS 358 0 P A T R £y
RO R RS 3 e SCRIES ANE; I FLIs I 5 A%l AP 26 Al — B e 1 T2 0

B, Rl AR . TR, JATATCLSEIUE R K B sS4 . IEandA 1o
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W, E— I REAFRATAT LRI HME R I E R E R, REH R BRI, X
—AB IE I (1 LRI A AL DT TRCER 148 175 7 PR G P 2.4(b) o 3k HRL 7 B 2 4 38 AR 1Y
XA E e 3 ) AL ) H AR R 55 B e, IXAEHATRT UL — A E il R
& JATHITTEEE A B A5 & 022 il — AT A 50(2.14) F . 8 A
FH [) — B 0 KA L 7 A %o e T 53] v A0 A T [ -1 N\ S ) 2 THI 25 B e
177G 7 AR, R IR 78 4 R F AR I A5 R ARG B g vT LASIE I L 2 0 B
27 ZE AN FH 2B 0 7 ZE I B TR R A o TR R (R AR AR R LA 8 At 5 T
tetn4 BRI A [52], At b4 B HIAE BA7 i P LSS H — & S @ 9K 70 0l 474
X PR [ 1 AN et 1) 1 S8 SE AT i B O B, X0 BAF M . AR B2

PATE BB VAT AL £ 20, KT H AR RO A 1) 2R T 45 S BOT 7R 2
% [Earg(0, + 10, )E, AR B ffarg(E,) » BATEH UAUE Al b AR AL arg(E,)
SRS IR L P UG TC T S 25 B8 A 47 U5 10 9 B 002, 9 ) TUART AR 7 T 504 IR Al
PR A B A AR R ) SR T A5 B 00 [6-9,31-33]. AR, KT S 4ERmSEBEUCKEA
AR AR T FI, S B e R [53) 5 — %, bk, FEUTIZ ARV AR LA
AR ML B R AR AR, AR S BN AL TTER G, £ 0, HARE
R 1) 3 THT 45 B UG A A 1 D7 v, SRARURS 4 ) R THT 5 B WO X — IR 3
S N FE B o FRATTI 2 35T SUNA TR PRV 5 2 % 1) [R) P FA) Pt DAFRAT T AN R 2225
JEARE— AR RT B 22 A MR BE (R A A% o S — 5 T, 3 L A T B A 7 A A
WERES T X AR AR T HR A B A R RERIARGL, B LATTJC i B
T EATEE R LAY 2 RIS S H AR R T 45 25oc ), R EE B 5
IR AT o AEAF 3R, LA AL TTECH N 2 2 (2.13) F1 2 20(2.14) AT LARE AR

NEAmIRTIRER) 4 B R B, 723 CE O b AR B BT RURLIG FH L AR A7
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INEAE NS E o S8l B B e R X R R R BB R — KGR
JE AR R B SEHAR R (0 CL M2 [54], BATAY BT AT AR B KA 2 4

+5% IR AT LIS BB R I, XAl FEAE SER AT N F h B 2 08

2.4 &BR/N R/ < BB R BRI
PESE— M F o JRATRR T 1 e S5 842 IO X /AR e 4 W i A
LA5E A Ao BT A28 FRRALIE R B, o7 B B (ke SR AT 7

B, AiTr =1, =2)Asps Ty = (—2,0)Asp: [FINGET A5 HE R E I 5 R 5 2

-10 e 1
-10 0 10-10 0 10 =-15 0 15-15 0 15

x/ igp x/ 7gp x/ 7gp x/ igp

K 2.5 (BRI ERE/RASL. (SR AR IR mIRC NS F RN REA (A
) M A BE B IR 225 B — A A GE D . ()38 7 BB I8 7 15 20 AR W IR A
AR GURAELE M PR N6.6AspFI10Asp, ForBEF I BURL 2 [R]BEBS Aa = 245p/3)- (c-f)
2 75 Jie [ s HR R A T (5] s i N S B BADLAS 30 1) | B |2 RN SE R4S BN 1) s B . () AR R0 e
WIMREEERY, TmMER, N TAREmRE N =ZMANER (LE), T AR
5 P ok 7= A — A28 S B ZR (IR 68D o (h)E A e L R IR P (42 A 102gp $1/13.3 Ap
Fe PR (ORI BE B8 N a = 2Agp/3). (i-1) 2 A2 e 150 i 5 R0 A e 15 s e N S s 40073 81
ME 12 FSE 53 B 750 B . X BRATHFE — A B g R T AR A S wIR. (b,h)H
A 2 L A5 R A 4pm.e
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MR, AT = (0,2)Asp, WK 2.5(a). HHAsp = 1.05umi2 4 )@ 25 M
R WA B A, X RERAT R B EF = HP (kspl7 — 71]) + HP (ksp|7 — 7, ) Fil
E; = H? (ksplF — 751), Herhhsp & P b R 45 BT B, HP BB
TR RTTAEF AR 1) A AR S . — AN IETTRE SR AKAE A BT, b i
WHEEa = 2Asp/3, EXFEA L AT aift 2 W IEEER] LU 7 AR TH S5 B ot ,
A0 SR ER = AR AR O BRI S NS S 8 a . AU SR
75 30 10 2 e 158 it A0 A e I At 1) 2 T 5 o an - 2.5(c-f),  #%iiih- e
PR IX ARSI, 1 P o ) 2R A5 B s, b e A e B e 1R A 3 1 U TE B AT DAY
Bt JE AR E TS24 8] A R A P B A A B k 23 [R) AN [A) 7 [ FR BS
%4[18,32,33,42].

[ ] B SR A, BRATTIA AR R AT AT SR S B SE I 52 25 (0 2 1 45 1 oo I
REMEE . AERXADZGIT, JATH 22 e B I NS A — A =, A e B A
PRI AN SO« — AN BN 2% B3R T 45 B 0T 1 75 2 58 22 B AR RE R AT i
BOMOES, PRI B AT — Mo 7P 8 1.5 1%, SRR R i RS N
£10Agps HME13.3Agp, WLE 2.5(h). B 2.5(i-1)%A H 7 R HURT SL 5615 21 ) 2% TH 25
BT RIE, MEEIEm G T B = AEASOER R ISRt EE, 4l
X T e T ) i R A T2 ) Al N S o FATTiE A B3R HL Y B AR R T 45 B OT R R
AT 2 ke [ 41 A0 A i 2 A R NS I 45 21 B — R SR A AR 1 — o 0 B 4L R
=M X7, W 2.5(9). v T E R R SR I A B ot I
Jot R, FRATTHERL TSI 5E 3 A AN EAR T B0 2 11 45 B O I 52 2 18] 7 AR A 22
(root-mean-square-deviation, RMSD) Fl i R #xF7%E (Pearson product-moment,

PPM) MR ARE. T “=#MH" f “X” WAKEZ, RMSD 4374 0.18 #1 0.17,
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52 PPM £ %079 0.50 1 0.40. XX L35 45 1) 3% 1M 55 B ot B S e 1 AT
JUFTARALICTC 75 2 0 R , 1 — P s A AR FRATTRT AR 9 1 e i 4 52 2% A g ST
(ISR, 58 4R F A5 BT B R EE AR BOSL I 1o ST (1 18] 8 mT LR AT R
SR H) R EPEATR R IR T S5 B OB A AR T X e . 408, AR %
TSR PR B ) PR A o

2.5 &8 /MR /&R MM PSR BUTE /R N B AT

VE X Fh e 4 AT 510 B e 73 2 BN, B PR B R IO ()3 L8 22 T 55
BTG oAt AT DATE 7% 1) P A (I <2 1) FR) R XS A o7 S I AR MR 3 A . AE X B,
AT anArT i RE B R, FH B I 1 7 2R T8 — i — ot . “ i sh IR
VE A4 B S

VER—AN T SRR A B, FRATER 1 fer i i At S ik 1)
A QT IE SR RE . X EPUEXN T B iR R—&: —4
WA BRI IIHEE = H (kspl7]) . NSTERMRHR AR cos ¢ + Psin g, F=AE T
LBEWHITIHER T cos(@) Jo(ksplT) o FE, FATAHE SO KB AE F KB TH N
INTRER, Wk 2.6(a). FRATA WAL @ KA A PRI SELS, K 2.6(c-h). FE
EWTT @M 0° ARE] 90° , Wl EEAF B ) £ 5 S BT 1R T 58 i 22 1) M e K
BAENE, R FEFEIR EE Fcos? o —HEUIE] 2.6(b). SEPr EIRATREW B —
A S f R s B R M R IR A & A A A e [ ik ) H 537 L3R L
e RPN A AL ) o 78 H b IX 3877 A= 1 26 T 25 25 3 o0 3E I 10 7 3048
cos(¢p — &) Jo(ksp|7])o X —idid & H 5 1) 7 2USERR A2 % MG R AT %,

ek AT LA RN
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-10 0 10 -10 0 10 =10 0 10
x/ igp X/ igp x/ 7gp
Kl 2.6 I AR o SEBUA T~ IR 5l I BUE R R (@) 2 T 458 oo 2 e ol i
PR S FIA e 5 (i R A 5 T LA 21 R R 0 B 1, £62.1(0,0) o BB RO BE 9 4pm . (b) B @ )
AR AE A KT A PR TG P | E, |2 6 B A0 00 B8 A 3R T 45 B OG5 5 R (RS 301D, (c-h)
FEBEHE R (HEETERRR) BRALE B |E, |2 RS 50 I B 2R 798 A . 3K B0 AN A
NS (iR A 20 1) 2 45 B 0T B R IR TEH — A B L R

X HUE BT R AR LA SR, AT SC VAT TR AL B 58, FF ]
CIE A A R AR A A B NS S AN R AL B o 3 I (R — = R A 4 i i) &
L LTGS2, BATRT LU 5 ARG R i R 21 sl i B 58 o X AT
ERE M — RIVER R ROV, T8 e A 2ot AL M B s DeR S
FhE. BATICE B bR X IR T 55 B EoT

N
E; =Y e" cos(0-6)H (ke |F =) (2.15)

HAE = Pmax(1 = D)/(N = DFEE R0 = 18N L PERT IR B %42 A
GRS WA 2.7(). EHEMY e TEAG T “b” FEREA, WK
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2.7(b). B MMEEREHUE - MEWR TR E AT RN, A HER

N T RIERATHN, BATHA R @RMERL 7 A8 “IF1R17 1R 51 R 155 8 I
TCEI MBI . BEE @I, K% B R fRoR = B HUGPIL — R I
HIim “5” FFBE “b” il 2.7(c-l). S—J7, —A “ERk” sl “b”
1 B 5 el A R IR AR NG 7= A LI 2.8(a,b) . ARAKIEBEMETE X — R (1 &5
B ERRA . T A A e 2 3(2.15) BE T K B ARPLIE A H A [ 1 98 5
CRpE” B%), BRI BB R A EALAA AR ER], XN T
AR Ta] e 45 U2 o A2 IS E B SEUAH B, “ s ™ B S BEAT R AR
FIART- R Br 78 “b”, JATBERIHAIN TSR 758 “O”. FhE “N”.

FREC U BAE— 25 R o AU B B0 A5 e [ et 1 g 2 7B L 2.8(c-h)

1.0
08
06
04
0.2
0.0

0 15 -15 15 -15 15-15 0 15
x/igp x/ igp x/ igp x/ igp

B 2.7 JE e A M B EORENS E . @IABR EIURER, B N AMEER S it
PR FEE A B IR ER AW . (b)) T B R 2RI T TR 7Bk “b” A2
IR . HF@na, = 1207, HEERMN13.305p516.74gp.  FLBIRKE N10um. (c-1)2HE
HeMO B FN120° (FIEFLER) BT 2 1| E, | 2R S50 215 275 X B FA
[F) S i 75 21 1) 2 T 45 B oo UG R AT A R — AN e e R
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- vt
-15 0 15 -15 0 15
x/ igp x/ igp

(4 2.8 S AR, @ D)FE b7 (€ A5 07 (e DT N (@ 0T “U”
A B R T B B E, 2RSS 53 . IR A BIMZEA RMSD (PPM)
AN FBE“D”0.15 (0.42) , FBE“0”0.17 (0.53), & “N”0.16 (0.56)F1-% 5 “U” 0.13 (0.53).

A5 2045 AR B RMSD 2 #B{K T 0.2, MR RHBORL 0.5 I 1 A it
IR T A5 B IO B S 2 TR AR SGHE . A ATTRIZhAS B R LI 2.9-2.10. “FaS 7 M)

RGBS 7 Wi B S .

1.0
0.8
0.6
0.4
0.2
0.0

X / Asp X / Asp x/ Asp X / Asp

K 2.9 ZiLirRE “O” ME . @I T RS I SR A, (o-f) BS 21| E, 12 A
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(0-K) SEIRI =19 2RISR HoT A, X L B 45 HEOZ TG N i AL e i A FE o HEFI . 7E(a)
Hr b R B2 10pm.

1.0
0.8
0.6
04
0.2
0.0

0 15-15 0 15-15 0 15-15 0
.\’/Asp .\'/Asp .\'/Asp .\'/Asp

K1 2.10 BAHIFRE “N” BB . (@) L rIAE R aR e s s, (b-f) BRI E, |2 A0
(g-K) TLIG I A5 2 R TH 2 B WOt R K 1R 5 ] 3 BRI I B AL e 3% F S o HEF - 1E(Q)
R BE S 10pm.

1.0
0.8
0.6
0.4
0.2
0.0

i -15 0 15-15 0 15-15 0 15-15 0 15-15 0 15
X/lsp .\'/).sp .\'/lsp X/Asp .\'/Asp

211 A FRE “U” B . (0 TS I B R0, (b-f) BHASRI|E, |2 A
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(0-K) SEE8 I AT BRI SE BB R o X L6 2 R T 8 I A AL T % AR B o HER . 72 (a)
LG R B 29 10pm .

2.6 118

FEIK 4, FRATHE T TR B — B R

B, BRI — TR TR B KM A 1 T B M eI, ¢, A
£, 78 M0 T 2 T 25 B T 4 B A B 3 L P 72 e B e A it 2 2
“ =7 B EATEB ARG A © X BRI R e R e 2.12,
WA e, = LN BN LI, 6, = — 1%k 2 0k AT B 52 e A 32
SBRAT: £, = 0F I — b L BT SC o 9 00 A% — MR e £, = 1
PERRAT ] BT S ML SRR AL PR P T . 6 T2 BT B L
WL, RATRIL, = — 1R SER AL T80, = 10 58 4 3L AL HLIE L
PR R FF o 3 MR 25 ST L HHSE R AL I e AL T 8845 %, iy T
A SRR AT O T« BEANRAT L5 T L2 DL L, 156 8K PPM,
PR TR 4 B IR B e, B e, = 1, t, = 0.5E) Q006 AE HE7ESE R AL

T _E I ARAR L ey o X SRR W AR AL ITE AT S 36 1 28 v mT DA 22

Theory

:15 0 1515 0 15-15 0 15-15 0 15-15 0 15-15 0 15
.\'/ASP .\‘/ASP .\‘/Asp .\‘/Asp ,\‘/Asp .\'/lsp

K 2.12 BRI B | E, |2, Ale, 4. (a-f) 2 el fm iR AT o (9-1)A7 B 3 fhi ik A\ 35 -

FUEE B 24 B 63 T 4 L8 DR, oA D5 2 0T B £

60



5EE R/ R A R 5 B O RN

A BT 45 2 TH 45 B3 WG UL IR 2 A3 — B4R i, 14 R R 1 B 38 SRR A T
K 2.13. B 2.13(a, b)H RIRMEEMIE TAEMER L R AR5 28 XA,

AR % —BERMZRIAENTE (G0 SIENF IR 4
R HE R TR A8 B OGNS, FRATTAT DL 48R = 810nmAb#HAT AR 7315 21| AT # AL 1Y
WA RIS B 2.13(0)Fis, FIHAC = [e 9PE, (R, ¢p)dp. R, XK
PRI L AR AR T DA E SR = |ACD[* 7 Sl | A | F 2 47 e I R A
B3 — RO AT L A AL 4 (COMSOL Multiphysics) $RHR 4 3k 34 B T &
2.13(c)- B BN T — A58 I =y W LA 325THz Ab A K% 93%I1 i = FX AL 0%,
X —ARAAEFFLE ARSI AL SRR A TT AT LAY 20086 o 8IS AEAS 0L P e 25 B9 oo i
R f B e, P2 AR IR T 2 B oe A i 1 2.13(d) i, Bkifarg(AD) = 0

arg(ATY) = 2a, KEUESE T JUAHIALTESE SR AT P AR

(a) . (b) —
u e ~
L S T
Py T—— 2z ‘-
22 r x‘\ 12 A Jj
3 Au | ‘\\_ U:,"
d Ly
o //"*\ @2n
- ,f=325'|'l[:._‘: S
' =7
: ¢ — II
i [—y ||
0 A 0
250 300 350 0 T 2n
Freq. (THz) (14

Bl 2.13 BT 19K R B H AR MR AL B Ak . (a, b) 45 A4 s = B B IR TR A R, Ho

hy = 50nm, h, =50nm, h; = 100nm, [, = 270nm, I, = 110nm. TZEKEEERES, T
LA FIESIO . ()38 AR HEAL AR AR K R o (d))LITAR Az arg(A©)) Fjie s £ B afE

Fe IR AR IE AN SHE L T IDE R

N HE A R RANTR —RRE R KRN AR, FFERSH 24

ANIFBAAR AL 10% LA IR AR AR T UL B 4 SRCR, WK 2,14 [R5
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AR TT T FAYE S a R T4 BRI, LK 2.15.

A=0910 A=09510 A=Ao ).:10510 A=1110

15
1.0
a, 0.8
“h 0 0.6
= 04
o 0.2
15 0.0

-15 0 15-15 0 15-15 0 15-15 0 15-15 0 15
X/Asp .\‘/lsp .\‘/Asp -"/ASP x/ ASP

Bl 2.14 RIS LS00 BRI RAK T AERATT A BR A2 SRR I KA 7= 2R TH 5 25 oo ok
HFEE b7 B, Ao TAEMER . TATK TAEZEMN0.90 B FI1.12y, 7EIX RIRATR IR S
BHOTIREE RIFRRIL, HATESHprE0.951,F1.050, 2 AR & T 0.9, FrAFA1i%
TH A R I 55 K207 0.1 -

a=Asp

10
0.8
0.6
0.4
0.2
0.0

.\'/Asp .\'/Asp x/ Asp

1 2.15 JEl PR S0 R T A5 BUT 4 B E ISR . I B S 4a = AspFla = 0.245p LUE
IS [ R RORL I I 5 o b HE R 2 e R AR AT, T HER A B B R NS . FRATT R BT DL
VN B a RIRTHR S B EOT ) RG R . JE SR B, B 1 R R TT
XRPT —AEH, N EIEAISER EINES:. R, ERBER. SH0x—F8
PPN R R s E BT AR SRR 22 (335 W] LB (L TE 22 A5 S 45 P DAAR R S RS vIE 1 3R
T 45 BT AT s I A/IMIORE 1) 25 2 T DK SR A T P A - M 5

BN ORI BT X A s B B S A B AR VAL AR SL 2 - An B 2.16 FToms
AR T 55 RO B R AR BRI L, i 2.16(a) T Y7 EE “O7, Ll
SRR 2.16(c) T IS, TEIIEM. fa S GIED RSO
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0.87(0.53), H:KIZENIN 0.67(0.3). & 44K i & n] LUIE L 3 InFior 2 & k2 it
B “fFE7 WA . WK 2.17 FoR, JR4ahEE 2 8 F ) FEAN AR,
FHR R %p M 0.55 B4 INE] 0.77. MG BAFERIRT A, RATFENGEEAEEL

FH 2 17 45 B I0c R R BT IIT IR E , B2 (R 48 ARG 258k 2 I 9 R A SR S (HEAH L1
5 RS
PatternO

Sim: p = 0.87 Exp:p = 0.53

(¢)

- 1.0
08
Complex Pattern :::-

Sim:p = 067

-15 0 15 -15 0 15

.\'/Asp .\'/Asp .\'/Asp
Kl 2.16 RIHEEHOCE RN E X B R EREmM. Bik@FM(b), B (Cc)FI(), L)
(M. FHENRIRERFR 07, FHENEREZR. AN RNERR.

.w,,,_//’#———ﬁ'

0 .,
x/A v v T v T v -15 0 15
- 15 17 19 21 x/Agp
R,-R, (a)

] 2.17 25 BT BUR R BRI E R . DL A e B iR A T A B R R R 5“7 Nl R
WAFEIH PPM(p) NS &R HITT 12

Ja s g AN AT B A2 S Je R R IR R SRgRATHAR

FRAN 2R T 55 WO A R W, HOR B IR T &6 . JATAT LU RMSD
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A PPM R E T3, B IR b A — MR AR e I g R AR R IR X — i B A O

K 2.18 JE7RXT T 6 AN SO SRR S B & A A R P 5B A RN R R R
oA o 1 P R A X R Rk (4 it ok B AL, ARG A A IR IR R T
BRI R AR e X GBI BRATT AT LA RSG5, JF45 BN I 53712 £,

bRt o, ARSI 2.18 Rk, 132IRIM KT S REU0

{57 v e WD 1 5 (.

. Letterb | - Letter N |

4\ A ‘
\ . \ ‘

2 \ [ 18 N\ |
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FAVRAL T — DT EREGE TS, N TR o2 —FEEH .

BOK, BATRTCURBUH S B e B FE R I AR AR R BLE S — N
R BEETT AN T (x, ), T RARORARGR Wl B 10 P T R A o AR XA 7
B, WORIATEBUE R B — sk BZPIE (ANl 3.4(c) T HIBED, ERAER —%
AR AL B, BE b URIARA 22 th o IX 25 BET 2 — [ A1 L R
KIMEEWIT (Hcos @ = (1/kspp)d®/dlfiE ). X —HaH 7] LA A 22K L
HUREF 759 o HH 38 50 ) e da 3 HLIEE R R ot rp s i 72 A s, B4
BIRERSY, WiinfF Capasso #HX4LH) TAE[72]. EEl 3.4(c), ATFEFEME 1 7
Hh— 2R EEHLL, ERRIE S EBUTRES L T RN A K . XRILAE
A SR T A5 BT R ST B AR, SR AR B L K R AR ST 1R A B e e R
HIRER R A, B B Z A E] o IX B, FRATRT LA b 51 i R
W |VT| = 1, JXISBATTAT LUK P A U2 A S5 AN P 2RI DN M 26 LI b AT S 4t -

At? = dI? — (d®/kgpp)? = dl'* — (AP’ [kgpp)? o LLIN P 25 S PLIL_E A2 ] LA

dl cosh¢  sinh¢ (dl
|Vr| =| . |V z'| , (3.4)
dd /Kgpp sinh{  cosh¢ d® /Kgp

Herp n] AR A1 8 P 2 L8 22 T R PR 22 o 3% B A SRR AT THE P 25 B A AR DA

5 s

%%%/I\Z:EE@%%%/%7 iﬁii‘i%tttn/[ = IVTIZ%DXM = |V'l'|q)/kspp£|z/l\ﬂu’/r%[‘£u/l}

2 (3.5) B T A A & Z T A8 2 AR ik,
(dtM j _ (c?sh ¢ sinh¢ j[dtéﬂ J 9
dx,, sinhg  coshd )| dx,,

XAEHORIE T AL ST H . AR N ARG — T 4.
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3.3 &R/N R /ERBAMBHRTRBIREN SRR EER

XA 7, il 3.5 B, AT “EE” n = |Vo|IRBIG “frE”
& = |Vt|D/kgppo TEIX—5AF T dé/dn = cos @, FATAT AL —ANAR AL T4

1282 . WA B E T
dr? =dn® —d& =dn? —d&? (3.6)

K 3.5 PRI R (Pﬁ%ﬂ@ﬁ%ﬁﬁ%; ’Z‘_I‘EUEKJ/}E?%
el 3.5, AR AEAEPISRAFIRIR B L b, BATHIF— R A r AR
—HF. ARRIEEWE R - NMesh 2 A A FRWEE, X —2EisshfE— Ml
Ve R B AR AL bRE N, T /EdT? = dnd — dEd. RUTIR 28R, A5

NBINOZHLE

& =-nsinh & +&Ecosh & 3.7
1, =ncosh¢ —&sinh ¢ o
HPAHTdSo = 0, FATAITFH|dE/dn = tanh ¢ = cos ¢, IXAZAH LB Uk 27 (K]

P AERATHIVME R I SRS o 8B 5

{50 =—nsinh ¢ +&cosh ¢ {50 =—n'sinh¢ +& cosh ¢’

M, =ncoshg —&sinhg ' | i, =5 cosh¢ —& sinh ¢ (3.8)

GEL
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£ =-n'sinh(¢-¢)+& cosh (-4 )

n=n cosh(¢'-¢ )& sinh (-4 ) ¢9
FXHEEZ I (dE' = 0):
) e ey O
TN B 38 A 4y
i o~
dn 1—tanh(§'—§)‘Léz

dn
M B dé/dn=cose H dé'/dn' =cose’ - W R 4 p=—tanh({'—Q),y =

1/\1— B2 BATATLIFEIBATY 5 Fi o Mg’ (15 R

_ COSp—COSQ

1-cosgcosg (3.12)
_1-cosgcosg '

singsing

XA, AT LU A I 1] HR ERR AL B AR bR xp o

FEREAWTrf, PIRERGERARE (BERE) BN AERA—MHH.
AT N S AN R R 5 1 22 R RN L — M s 3. AR T 55 s 2
ARSI, XEMWE P E R R B AR . Prel, £REREES, —ADFEs
H—2& & RoRmAEE St A28 (world line) G H I — . gttt R4 b
() — AN s R W AH SR g Moy > FEIE A IS TA) A] DUt A AR 045 3. 723K
ATE A () — A SRR AH B [ A I (R TR BEL, X R ] LA A 3 (3.3) R 15
o FATFEEZRLMHEE (CBEN) AKX EBEEE LN = dxy/dty =

(1/kspp)d®/dl = cos @& +& Capasso 5 2 5L (1) TAF A48 FH s B 31 3 [ 72]
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XS T FATTAY BEANAR S 18 T R 2RI AR AR 2R FAT R Rk . 2 F(3.5)F Y
(RPN ME S R Z B R E R EERRPIAN S R b 1l I 6 A 18
Hh I AR R 20 — AN AR A ORI AR S22 R A — AN A
JEZE, FHNLRLERE AL IR P9 5 R AE BLANFAT o X — AR e B4 — AN R0 i
BRI N, BI—2k B EE TRINGHBOuRS (Mo’ =n/2) [ 5—
HAPULIAFAT . Beis A 1A LAA3 2]
dnp =dr (3.13)

B IX — AR ] LA Ty -

n= Slrll(p(n +& cosp)

- —— (& +7 cosp)

sing

(3.14)

My = 1/sing HB = cose. WHdn' =0, MHINL4EdE =dé'/sing. WHR
dé =0, P8 Nidn = dn'sing. WRKATEAp = ¢ — @', A LLHE tHdn/dn'

d¢/d¢'fiEApIIAEtL, K 3.6,

1
(a) (b)
5 ¥
= 0.5} =>
= =]
ok 1L
0 z 0 z
Agp Ay

K 3.6 (a) dn/dn'BEAeI7E1L. (b)dE/dE EA@IMAEIL

3.4 &R/ /& REHAMEES R = E S AR

N T HAT TR A R HE T R TE I — AR AR L o X6 T B 3 P A2 B B A K
/NI 1AV R AT BE A AL AR, BRATITS AR AT DA B 2 i A A R X AN is 3, X —
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BB AR 2 BT T REA K IBRE I 8 I AR 26 b 7EX — 2600, AR
HBLRD AP AT BT £ BT BRI LR R [75) & P22 “IIBUR AT MR, B H
LG EARST R AE 5 . X EIRATH AR 5 R is st B SR B R L IBUE S, A
FIHME SRR IR . NS Bk, VORI T ZIRATRER/DN, XFEFA T AT A
SEIL 2 SRR AR A R R ) SR T A5 B SO TR B 5 JF L SN IR 2 T 38
e, WK 3.7(a).

y(um)

©1(L)

) v - ;—'Lo—-g~‘-o- -0-0-0-4"'
dt? = g(ter)*(dtd; — dxga) AN

B 3.7 PIAMIEZ A . @BETH. RS SRR RO N B, R .
4 R 5 2 )22 2 A (- T € M 2R R, (e-Q) 0 T G € HE 2R 0. (b))
MO A . (C),(NCOMSOL Ak B B, 3L I G el 4k bric B . (o) (0)55 %
G, PG M bR SR B . FEPIE LA S B 4 U S 1
XA H— A Asie sh AR dis sh R e 16 . FIFEREARAE “/E 7,

O /ksppMAE “KEE”, WK 3.7(a). H—2%EHGRLMAKFPEE, HhndEn]

PLBERIELL TI032 0 53— S et e 2 1025 il (R A 36 0 PO B 1020 AHRE I,

PR A LK 3.7(b), 1, WK 3.7(e). Bilgh H LA 3.7(c)fI(f), SLeh R

Kl 3.7(d)R1(g). Frfa & R B [FIFE I AR 2R B Bt sk e 2 b, RPER

WA FIRE 4. X RW] T SEge B R 2 [ — itk . [, ZEL 67 i
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LT 5 SR AR R Hh TR O SR T 5 B Son N AN a1 T LT AR A A5 2 1 3k Ak
TR P2, H R SRR S TG DL o IXFE, AR ST 6 9
PN T2 AR R AR H

N TIRICS SAFOL T A, BATE A SCHXHE M & it i 37 R
PSS i SR AR, BATSI Rt = 1. A Bxc = ®/kspp:

It B AR 5 A B0 BT A5 1) —4ER BAROR A 55 R 1 s e
dt? = g(te, xc)?(dt2 — dx?) (3.15)

X —FERELHE TSI A AR T # SRR A o RESRIRAN T E I Se AL 78 |
FESL T I EERL, AR R AR UL FE R — AN T2 S AT B DL T AN R0 s
BT ARR A, WFEZ BT UMe R ARG R — %, Wl 3.8, A A
B L2 B T — A, R0 LR AN [ B 2 R R L g = (0
0xH)(0x*0x") gy [76], XLRFF T FERUMI B ANE . BT LAAS 4 v DL 53 fif g 7 A3
9% o AR N AR A4, fE = @' cosh { = 1 Hsinh { = OfF|Vz| - |Ve|',

AL AR LT SR AR R P I B i o 8 AN A R RV AR 26 A o, (45 R I
B BE TOREAT W . IXRE, FRATTE AT DAAS B S N — AR AR H6

dt. ) ~fcosh¢  sinh & )( dt,
|vr|(|)(dxcj_|vr|(l)[sinhg cosh(j[de (3.10)

K 3.8 K ILPIEARES, ML R A F AR R T A —F . X NP B
= |Vr| =1, HEXMEHIEg = |Vl
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X BRI ZA L oL, TR BRI AT &M R e AE, Pk
ATTRT DA 3 b 2CH AT RSy 33000 N FH S A6 2638 e o IAE JRATTHE P AN AN 5 125 il 1)
N TSN R AR H L, IXAEAS AT AT AE— 2D PR TUI 2 AR e LA LA
O — L8 SRR AL SR

3.5 &8 /N R /& BB EHERL Rindler B 23033 B F B 513
Bt

MIAVED FE R T ) 22, Rindler #4br RE—NEHAHK LR, &
A DA i AT Cevent horizon) FRITIK LT 3 HAT & SIINIR BE RSN,
IiE B RERTAR O B AL [77]. FATRE T — Mrnl I sEi g 1, RN —1k
ZHscPlZkt Rindler A5, 7 3.9(a), FATE e NAEABKTEL LRz
B — AN A RINEIEE), MEEAdD/kspp/dl = —tanh(Be® /a). FATILEE
7=¢@() +tan"tdy/dx (BPeZeMixflift) s, HofyHRRR LA B - T
U X 0ol MR R A E B R 2R L |VT|(1y) = Be®, Hra =1/6f
B = 1/602 4. FFEH, Wk 3.9(a), RiEtaLk L |Ve|(l,) = B, B & 4L,
SRESTE FIZ R AEN . X, A Rindler AR AEAE A EPUERIR
W s 2 (] B2e?h (dIZ — dd? /kipp) = dIZ — d D2 /kZpp, Hrhp W HOFH.
Vel (1L)/IVTI (L) = Bref™ o BATRBHIFIEIT GESEH FSCBl 7iX =Frigal, 3L
FHRLL L AL 25 4 LB 1] 3.9(b)~ () A () AL RS 45 SR
3.9(c). (NAI() R T HE B (hric ekt B 28D [FIRE H A8 S e 25 S an 1 3.9(d)-
Q)R h bR Id A R A B LR . SRR IR B2 50 L “ 88K

RS, MR R T P AL RN SI6 7R S 2K B Rindler AF i ) — 2. H128 Rindler
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JERUAT 21 ) FR B2 — JEB DG A o IX 52 51 37 BERI Y A A5 21 8
B IEEHR AT e BEAh, AR SO I8 A 0 FERURE R ] AAE X —

o bl R b 92T

40

30

20

y(um)

10

N dr? = 9(%1)2(

-10 dt? = g(tes) (dtss — dXgs)
.
DRI

dt? = g(tep)*(dté, — dxss)

®

—20 10 20

x(pm) S
Bl 3.9 8L AR 1 1 Rindler 28 #t . (a) 2 11 %5 B UG HR T AT B R0R , FRRU AR ic AR .
FIE R 2k, Sk (i 2R R €0 R 2 Tt 7 (10 4 KA 2EL 1l 1) R A PR B AR 2 35 AN R AR A A R o
(b), (&) FI(n)FF A L RAMIE s (D)X LI RR LR, ()R B RR LR, ()Xt A i (0 kf 2k
CIERE 2 78 B M 527 F IR D o (c),(d),(,(0),31),G) /& = A6 7 % B fi 4 40 A0 S 56
(c),(),()COMSOL 4= tidil, e 4t e 2R bR iC M. AR IR - (d),(0), (i) S et B, JLrh
FH A E i B b iR L P A B o BADURT S 36 (0 B 7 F B A, 4% AT A — 14k

3.6 AFE)E /AR /& RBHARELZ H F AR B

FEZ i BB, Gl AR R — NSO i i U . X — AR A [F] —
TV ESEI, PR R R B A A VR . a0 R IRA T B — A EUE
#() = flt(D] = (c1/(ksppcost))?, Hric, = 2V15m/3, W MARAR RZIAIH —
AL AT g(te)/9(tea) = §(te)/G(te2) - X2 BT IVE|(L)/1VE (L) =
(F' @IVe|)/(f ©IVelU)) = Vel /IVel (L) o TEU) SRR 5
JREE, W VE B AR AT BE X 73— MRRIR AR AR 22, (H PN A8h5 R
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FERLZ LERH B U . 1X— Eefl sEBr B 3RIR TN AR B 25 2 B R R o PLASEER
“EIEERS” MBI ORE, W R IRATE A SO, A AT R BT AR
g(1)/g9() = §(1)/g(,), WK 3.10. X—HVEH B ERR T HRAVE R F A

etk

T,Vt T,Vi

30
- - 20
£ £
S S
= = 10
0
-10
7(um)
-20
5 10 15 20 25 30 5 10 15 20 25 30
x(pm) x(um)
(© vr|(l (d) vi|(l
- - [VzI(ly) 10 N4 (CY)
§ 2.0 8
g 1.5 S 6
< e 4
% 0.5 2
2 0.0 0
5 10 15 20 25 30 0 5 10 15 20 25 30
1, (um) 1, (um)
(© Ve (L) ® IVE|(L,)
g§ 0.9
§ 0.06 =08
E 0.04 = 0.7
3 £ 06
£ 002 05
2 0.00 0.4
0 5 10 15 20 25 30 0 5 10 15 20 25 30 35
l(um) 1,(um)
(® ve|(L,)/ Vel (L) M |V#(1)/1VE| (L)
60 = 60
= 50 = 50
> 40 > 40
X 30 = 30
< 20 < 20
B E 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30

b (um) ly (um)

3.10 MISEH MBS AEM. [ = 0% Rix =y =0, I, = 0%fMx = 5.50um. y = —1.00um,

I3 =0 XfRix = 0.14pmHy = —4.02pm, [ fMIGHZZ FFR— 5 (30pm,0). (a) FH, HHveH
LOFR, iSRG AL OERR, L AGELE, L REOREL, LR, (b) 7, HrhviAg
R, TSERERALERR, LAGRLE, LREGOREL, LEtEL. 4c,) = ()N
©)IVz| (L) A (E)|VT| (L) L B() 5 24 E(1y) = T(L) I (d) [VE (L) AN VE| (L) FI LAl (h) f&— 2 i
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3.7 RE: RASR/INR/EREHIAIERIZS i 2

PATTRE T2 A UM R IR 5 1 o 22 SO e e A R a1 2L i) — 4 L
LB N — y P BB, Rl AR B> 4T i B B R A AR
BELE R . BEIN, FRAMKIR AT LU UME R R AR ST 11X — BIRHE SRR MR, AL et
X R AR A i IR N AZ AL A = HE R o X ANHE R T A T
FORE L, HERT O ARG BN O BRI R D) 2. FEATRT BAAS 21F i A9 3R IE
ORI T O AR I 54 P 4 e ) B 2% 1

[ rz ZZ jkz
- —=1 (3.17)
Vd? kP -V 1!

x — z plane

i

S5um S5um - Sum
- - [

3.11 (a)zx (2R BS T R R 2R T, 5K 0 L R T B — e — 2 V-1 (1 398 5 20 A - (D), (C)
A(d) 3 R AERE T Spum,  10pmA1 15 pm bl 21 — y V10 (R 3% 58 53 A 2K P2 1 o
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Hp, BT A% T 2w K, el ir = 2 + y2 iz ik e
2 E TR — o T3 AR LA ORI, X B B I FeAT 14 T ) 1064 41K HE0,
Vo FRBAAIE R CREE AR T3 2 A AL I I B B2 AR AL, o
TR B4R BB, JRATTRT DUBADAT 2o — 2P~ T B 52 52 A 1 2 ]
3.11(a) L L, PAK BRI TS A B8 T O XU D 2Rt i 42, a0l 3.11(a).

[EEF, FATEHIEF N FE S, HAry = 30um/m HV® = 2n/(Bum) . Ll
BRAPFEM EJ75um, 10pmA15pumAb K —4kx — y P 0 A an & 3.11(b, c,
d)o ARACTRAIHG 2% B4 i — LB A L BEASEFOLRSE R 10 7 S0 0 e 22 — e A 4
kL, Sy BRI R OGRS G S S0 oL . 26 T 4 — 2R 97 A SR B R sz
PRIRSCHE

3.8 /NG

FEIX —HR 77, I 45 &5 # AR LT AL RATER 7 — MR RiEH 7 2
RV S5 M) Z (B AR #k o AEIX — 53k, FE R B B EEAESERAT AT DLt p
A AR BNV 2 BB G5, SN R A AR . R — S8 R SCARXS
o T B BRI T DS P 33— Ak 2 SR SEBIHT I S5 B 0T I R

H ATy ik, R RE A Y 22 AN [R] B J7 12 A0 45 1) i SR ASE 400 25 i 2 )
[35-46,78,79]. G — i ARIEA FACSEAT R R 8, A3 H R
5 A A S R S R IRAE S, BOVA N & E RS AR K. 3l
Mk e 1 — AR ST B G T LAT A AT B AR K “ S5 R i 57
H77 30 IR SO T B R R E v = (1/kspp)d®/dl, FATH]
PASE SL—ANEERI “ ST 37 Anege = ¢/v = ckspp/(dP/dl) o« X B LA
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DL AT LLE B T GURAE R R R E @ = +26 (XN ANFE B Jig), XAEAT
AT DA P e A B ORI “ SR I AR . T ORIR/NNTT S Hf AT iR 5
P, A “SFEHATHR” B LR B (00, 00), HAMEHAh T AR Bk
AT RHEE TR SErh, X Tl B 5 AT MR, BRI Bréhita. [
AR R, Jer Biet ] S 5HRRE “SEXEr R, A AEs
HAFIER S . f&)a, BATHRRZ —ERASMUNRIRTRIMERHOT, ] DU
7R T SRR S I A BRI AR & R AR PR AR AR R A5 SL B
TFHIRER -
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