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ABSTRACT

A RAXFARLE BV L ELHZE ALK

THESIS: Coupling Effect of Electromagnetic Waves and

Acoustic Waves in Dielectric Superlattices
SPECIALIZATION: Materials Physcis and Chemistry
POSTGRADUATE: Jun Zhao

MENTOR: Prof. Yan-Feng Chen

ABSTRACT

Dielectric superlattice as a kind of artificial microstructure materials, has been a hot topic
for decades of years. The modulation in dielectric superlattice gives birth to novel optical and
acoustic effects. So it is divided into optical superlattice (OSL) and acoustic superlattice

(ASL).

Here, we have studied some coupling effects in dielectric superlattice, including: (a) the
coupling between electromagnetic (EM) waves and superlattice vibrations in piezoelectric
superlattice (PESL) which results in the generation of acoustic waves and the excitation of
phonon polariton, (b) the magneto-electric (ME) coupling and the coupling between polaritons
in piezoelectric-piezomagnetic superlattice (PPSL), and (c) the coupling between EM waves
induced by the application of novel electro-optical effect in OSL. Moreover, we have studied
the applications of electro-optical effect and the generation of acoustic waves theoretically and

experimentally. The main obtained results are summarized as follows:

1. We have proposed a model to study the formation mechanism and conditions of phonon

polariton in one-dimensional PESL, where the case in PESL is compared to the case in ionic

v



ABSTRACT

crystals, and the results of K. Huang et al. about phonon polariton and of our group about

PESL are used. In PESL, the modulation of PE coefficients, the intrinsic PE and anti-PE effects
jointly assure that EM waves and superlattice vibrations are always excited by each other. So
EM waves can always couple with the body acoustic waves excited by themselves, which

results in phonon-polarions, without any conditions.

2. A theory is deduced to present spontaneous ME effect by coupled PE and PM effects
bridged by the superlattice vibrations in a one-dimensional PPSL. Different from the previous
works, we get ME effect without any assumed ME terms, naturally from the coupling between
the basic PE and PM effects. And we get the effective constitutive equation for the PPSL.
Using the constitutive equation, we have studied the resonance ME effect in BaTiOs;/CoFe,0,
PPSL, predicted a huge longitudinal ME voltage coefficient of 14.9 Vem™Oe™'. We have got
the origin of the huge ME coefficient and analyzed the factors that influence it. The results of V'

our prediction and analysis are matched to others’s theoretical and experimental results.

3. With our constitutive equation and Maxwell equations, we have studied the propagation
of EM waves in BaTiO3/CoFe,O, PPSL. In the course of propagation, the paralle] magnetic !
and electric fields of two orthogonally polarized EM waves, will simultaneously couple with
the identical vibration. The coupling would result in new kinds of phonon polaritons, ’

accompanied by ME effect.

We find that for the EM waves propagating along periodic direction (Z-axis), the expected
negative refraction would be destroyed by strong ME effect.

To see new polaritons clearly and contact PE and PM phonon polaritons in our prevous
works, we can consider them as coupled polaritons. The coupled polaritons result from the
coupling between PE and PM polaritons bridged by the identical vibration.

The analysis of dispersions indicates that the intense changes of propagation appear
especially near the resonance frequency. It is should be noticed that the propagation along X

axis are supported, just by wisely changing its propagating mode when its frequency gets

across resonance point, while not along z axis.
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ABSTRACT

Our further analysis of EM fields explains why the supported mode exists. Different from
in pure PE or PM superlattice, a possibility for the combination of EM fields is provided in
PPSL. The combination makes intense coupling between EM waves and superlattice vibrations

doesn’t always mean intense vibrations.

4. On the research basis of Prof. Yan-Qing Lu, using the novel electro-optic effect of
lithium noibabe superlattice, we design an electro-optic folded Solc filter with narrow band.
We also present temperature model and electric field model of controllable wavelength filter in
theory. In the same year, the temperature tune experimental result is published by some team of

Shanghai Jiao Tong University.

We have cooperated with Sichuan Institute of Piezoelectric and Acoustooptic Technology.
Our samples of ASL operating at 300MHz and 1GHz have been made into acousto-optic
instruments by them. The instruments have been tested in practical conditions. They perform
low cost, simple techniques and wide band. But higher electromechanical coupling coefficient

and productivity are desired.

To make ASL technology into industrialization, we present new projects. For higher
electromechanical coupling coefficient and productivity and lower cost, we have poled PE
ceramics superlattice by an external pulse field technique, with period ranging from 10 to
50 um. For higher operating frequency, we have successfully fabricated multilayers as ASL
operating at decades of GHz with insertion losses close to 0dB, by dual-radio frequency
magnetron sputtering technique. Especially PPSL mulyilayers have multifunctions of electric
and magnetic responses. This work on PPSL provides a possibility to fabricate magnetic and
electric multifunctional devices, such as transducers operating at multifrequencies with low

insertion losses.
VI
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1.1 N T &s et

BERAYESE R T HEEMYER R G I EEERAE B WSR2 A
NE, EERNLSYEEERNEZ —. MA TSN ZERSDEFLUR
MERZH—NEERRNE, B 1969 F Esaki F1 Tsu $& H ¥ FAEEEZ O LR,
EFHMEMMENERTLRAREBIT CEMNEE, £BEB&E. NEEEREER
o AgEEE, HREEANT X, NERAEFE. MIBEAAKNFTE, TLUE
TR FHEHEM A A S SHEFRNEH BAFRSRKERHME. —TH, &
RIS /AT RE AT AZERT B0 RS T SIS A R AU RO T,  ELOnBETT &M 77—
FiE, EXEEARRTEEMEEFADEEE KnHFEMKE (FHERETHE
HARNS) KSHEE, FHiih, ATHEWMEATEENERTANNANE. XL
£k, MIELEBEHEMHEENHEMME, WintFS&ENEFREEL 2ISATH
BRARL LSS EEEEMELS, 4], AR, 6]5%, ARERATREET
f 3%

AR RN T HEAM RN BB R, /RS &% U B E N E R L
HAEMASI AT OB R S 2 TR T FEOREI. AXEEP RN —HEEE

Fuf&[7-9]. JEHIFE SR AL [10]F1 & BB R HEEE dm At [11], DRREIRAN T :

FE BB ks MR A SR B, ER—FEBREE AN AR M. X

b, SREMEERERRENERAE, 3 RARN KRR AR SR

HMARS. ATXEEBEE T3 AR S ERRENE. JMIMnFIZ ey
Bf, BT EENN, ERETSBRESRGARENNNSAERR MERZEN
REXR. XZ—HEET, EREREEHERRNEZSRE7THAEEENIERN
FAME. EEkR, #—PHERNERRAKRT MR Y, BlphRETHR
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B—E A

HRESEREHEELEM, ALY ER.

FERBEE VRN AR, ©R—MERRE A NEsFUNE, 5
EBERAE, EAMIRBUGERT, bR RN, Bk S8 HEs
. EEECESAELEETHOANANE, FNSESB&EL, ERSE
BABUNOHEE. f

Fh RO PR AR 2 8 2 — T E1 IR R AT RL AN R AR AT BRSO 2 AR BLAT AL, T
UEFEREERENEHEREAECEN, REZHENHOREE, EaTHEERNS
E%ﬁ&ﬁ%%(&:%%%%%@ﬁ%ﬁ%)E%ﬂﬁiT@%ﬁﬁoH%E%E@f
AR SR AT AL S AR A R, BT R ATR . R /R R SRR R AR
ARG AT, MM A A E T FOWERE, AABEE T ATEEME
k7B R

1.2 FEFRABUTHIESERS

1.2.1 TTEAKKEARRES

KEREEEBEAMEL Bl RS N TREMM R TR TR T AR,
EEGFUTES, —ERORSEEIN, Glmpessn, THE. RETss. ©FE
EHEFFIATERNBR S G — N SERGEE I UR A — MR R R, AN RS
P A R E RO T — R ERE MR,

BT TSR EREME: BFF. BRTFHSEE TR TEERENTES, ¥
M. AR TR ST 81 Cooper MHEES LA Bogalons BFANBIER M T#E:
PR TNE TEARMTEE. B TERNESEAEIRANT E, Bl
W SE R TR R S E TR TR . B R (T ST
REESEEFHRABAUET (Polariton), HF By CvT) SEFEABAN
EFRAUBTERS RN EENEL —, WIS EHRFRAMT. SETRLE |
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Bw A E

FTAEFRETT, ENSRRETSHRT. SEECTIETRAESTE BT E TR,

1.2.2 EARABUT R EFE BN

Wi ST, EFREBUTIEN R T (BROE) SEETRBERSIDLE (T0 5D
HAEEHET, REEBIWIRMRMLED REEETX-PEEE Tt RS
BREME M T, FBgHReE “&F7. 1951 EREEENDERZERYHERE
+EMRANEREEER—mRELE12], MRLETHIX—EXaGHETE 1958 F,
M E Y%K Hopefield BFF BBAK 5 T & AR TR BT B IREH 1
[13], BHE%E TRABTRBRFRABTEASAE AN, FAXEDEFR
Henry 1 Hopefield F 1965 722 S 44 Kl GaP B0 & BaT sE 0 & U 21 A AR AL
Jel14] . EEFREETHES MURFRIRANTRASNA.

STRERERFNEETRE, EABTRIN X5IEMRL, HItEEE RN
P, ZERHNAREREHEAE FHRS . WREAMIEIRAEZ I, K
B R B AL BN EE OB MKRENE. FAREEEENARIERSE
FE, AESBEMAZIER.

ETX—FL, BRRAEERLE (BEE 5KE (BERD (EezAE,
RO T KOEFE AR . higE T —AMS I, 53RN RZX—HHYE
ERRBNE TR AKREES HRAM, 1 E WM E T8 B X kA F Tk
REME T ERAENEREGWESR. X—&mEEMIURTE TR&E, ZRITEALU
xadA[15-17]:

W =—y,W +7,E. (1-1a)

P=y W +y,E. (1-1)
Hew = p"(u, —u ) EEFRER T & TlS EAE FRAENELR, RN ELE;
P Heikik: B hEWEY, BREBEMBRILES, XATUAEMINEST; Ry,

(i, j=1,2) AETLEHMENBRHEER. (-laRBRENEERENESHE, AL
BTSRRIk E 1, E-MEENEENMEFHRERS; (-1 2K
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FE—E

i

WIHRR, EE—MEREFHMS B R aRkl, BT E— R R |

MR, EXERTERBTHMML. EEHFENTHN AR LIAH FENE R0
)ﬁa

ATHREMEEE BRERAENBEESETHFEAREESER, TUBILTER
[17-25]:

1\%W%%%%om(%%%%?>%ﬁ%%&%%%§ﬁ%%ﬁﬁ,ﬁﬁﬁ%%’

REZ “HE” MR R, BEEMNRLY: Mk Ekis s 7 s
MBSIENMBHRLEZT AR, SEABRENTIITHRAE. HX(1-1a)
ATRLE M, PR ROUE I TIRE 7, 32 T Ra=, 3 £ 19 LST (Lyddane
—Sachs—Teller) KREMIL[26], Blaw,, /0, =(5/¢c,) " LSTRARBT: &%

NHREH e, BRRTRANER S e, s KAFPENAR 0, SRR TFEAFEH
BHE w0, BTEETHT 0, #0,,, FEFEENEFER (EESTEET

R,

2. BRI AE IS, BHBAHENE, BE M. KEER¥FF 5L FHEREEMN
RERA—F FIRABIT. WRSENFEERTT A TE 1-1, BT ERH
R AR F TSN, — A BEWEERETE (0, 0,,) THTEEAHE

RN EEL BIECAINERN S B B AR s LR S e 4 AT . P X — 2k T LA
KRS, HErA ANHETRWALHE TR, aFsFHRas 78R
HIBT S, ERETRZ M ARERM.

ML B A mT g, 7B PR BT RARE @ AR AERER, NI TFEhF Rt
K. BNREEETFRATERRS (FF) HaBE OGtT) REBSHEN:

1. PR LIERHRNMENMER, RERESTAREREXNES,
2. FERBUBIRBE B, REBLEETARRER &M,
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BRURESFRET, REMEELEHRERANEOLERS T4 /S B
ERHMEFHRMAEIC. B TRBIEETKTFHEEE, EOHRATERE - FRELM
REMEL, U SHEHKEREELERNEERIERIER IS REERE T &%
FHE 0, . LhRBENERER SERPAE—ZMT10°010%Hz Jol, BTiZL

SMEER, Bk, TESERREET BE FIRUBUTH AR & S ETASN R RALT A SN R T
FIZR.

1.3 [ FEL RN 4 s 55

1.3.1 FEHERMN[27-31]

J& BB R R AT 43 A (E R R AR AN R BR8N, B B T I R AR AR A B AT o B PR RO A
HFREGEA. EREBENNAE 1880 FHZEEM¥REE LS (J. Curie M P. Curie) 7E
PR o AR EEYE M R E e RN . ERIE BN ZF, 252 (Lippnan)
MER ERERIZEE., EFEMNEFFEEENS T EERANKNAFE, FET
FIEME B Rl FIiE. EEEMNIENRE, SREEININERTRERZE,
EEREANNMNE RSB, SETSERUNIE; k2, SEHEHAFLHE
T EBE, AMUEET R, FERESEREERR, SIS LR H .
FEEENEYEENN SHEBURERNAR . —REEEERNEE. B SEN
FRESBAE MR, MO ERBNRAEETAEEXNFT LI SfRET . Hih, BT
TN S B mTR, SR RIEL, T8 RN # AR 5 R A

TRT, SRHHIRITIEE.

1.3.2 [EHEINEFF=E R ERHD

R SARERZS 0, ERRFETOES, BhEEARENT., SENSNEAT
FEMNERESEEARFGTOANES, MSTURENK B, WM 4EE BN,
Rz, FESNEGHHERT, a3 EABRTHONME, BERFEENE, FEE
FE N, BN R AN A R R AR, TR R R AR E R MR I s O
PEE, T TR YR SE R R A o A SRR R AT R IA R R T AE A LK
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FE A
WHEM LG, WARER I FERTRIES H K.

NEEEMEKRZUHREERE. X&EETE, AERREMNEN, SHURETH |
BREEFEENE, ANERETENEEER. &ENE—WEERIRE TR
R, UHREEREFTESEOINHRESR, EMENSEEKE (Neumann) FIHE, X%
EMAHGERYEKE, WHERE. FERE. RHRE. BEER. NHRHESS
HIfRIC RS BEH B8R LIRE ik, % AR e T iR B AL bR AR R 7 ik i LU |
FHILIE.

i

RREFBETNRERK—. NREEERETFEAERE. ESEMESIEH—
Mratk, ERBNRAMARMRES A kMEEEMIEAMENE, BENBEAPREE
R RREGET. £ 32 MaBERBRET, 720 MEBN ERtAgEalk, &
BT EAXRA LR EEETE 10 TR RIER 10 FrIERME&ZE, HF 11 MEEmM S
KPR 432 R EAANEAEXRF L, EHBAMA SR,

MEBRANZ: FAR0MARNITEEAHAE Ealt. ERREELENEE
1, BEAREEEEZN, 2OEMIZEESEERN. ANEEWELRESTHHEE
TR E THRE THFE, IREREEREELFEEFRESHEFAARNS T
wiE, GMESERFENST (H) Friasnomes, &R mRE %7 [
WEMEREAE.

HE

1.3.3 JEEARHKIN A

ERMBEEOERSSEMEREE, BT 21 FFAERHD O AR &1k (432
FRERSD) TTREAEEAIE, TSR AEERAES BRI EENE, HAEHES
Y BEREL N ERIEEAEEES 6mm SBARE, B ST omm A3EE (1
Zn0 @) . REFKBEE, EXESREGHOKENSAETMRE, AN |
I A TR T LB BUR KA 1

EAAK CBERLNESRE SRES, k. & BEWEEET—fnnl ]
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F-EW F
BRI, BE. SEAETEET ZNA, mEEEE. BFERALS. KEEF
2%, EEFEIR. EEMET. ERRER. FHEEL. Ay, EHEFREEGTES.
= AR R S B AR B A i A0 4k 28, 20 HEYTRE R AT KRB A A M
TRVE A HeREES . FIF B A B IR VE AT AR () R FE 1B R 2 . IR FE I AR [Lrigk e
SR, M EEBNA RS A AT LU RS Bt mELER . ot
i as KOG iz T a1

1.3.4 ERESUN R F N FH[32-35)

FERERUN R e 2 T 0 (8] RIE XS R BE R 45#9F, B A S. Borovik Romanov &
TR, CEREET EEAE SR EAAS. SRS EENRM, FE
AT P IERR MR RN, BN & S8, #ERA TR RENE. EARF,
o BRSNS LR R AR, LME T4 R B P S e e BRI AR T

FE WA R AT R s AP FIRF B B Al i, mT AR SRR AR R R AR 2 A I
3|, 1. EE. BT, IMEEREEEE.

1.4 X7

1.4.1 G TE

(=)« ZRHFHE
PRV R (BB LL R E SR BAE B A AT R T (Maxwell) 77 RER

R[36]:
Vx E=-3B/dL, (1-22)
VxH=-8D/3t+J, (1-2b)
V-B=0, (1-2¢)
V-D=p. ' (1-2d)

HeF, E. H. D. BABIAHEGERE. WHRE. BABMBRENER; T p o5k 8

REFEREWMEE. XNNMFEEHEMHEEREENMS . X(-20)RERFE
REEfE, ERRER R CER R R RN EY; R(120)R) XEHERE, Bl
FIREN A MR K (1-2¢) ATLLEEANTFTE B B A —FF i 8, 3((1-2d) =2
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E—E W ;
FECER, CHREgAmEEfmamnAiR. DRFEZ A —ERMHEREYE, EHA L
AREFTHAANTRENENTEERSE, FREIMEAREREMTM. EEAMIGE
T, REEREMERR N

0 -0/0z &/dy
0/ oz 0 -0/0x |.
—-0/0y 0/dx 0

[Vx]=

(2D YREAR T RERIAL T4

ZREFHEY R E. Hy Dy BIUAMNERYIRE. T A R8T A s 7 4045
ME—HRERE, LRI MR R R TRRIE AR . AR
NERD TR, FIRRA[BT]:

D=¢E+¢&H,

(1-4)
B={FE+uH.

Hies us & CHIRN2MKE: e MuDRANERERESE, R1-O)8NREE
e, BN B R SRg g, RN FE S EMmuigEs. —Bs
FAEATEN TR E, BE=¢ =0, FRA[36]:

D=¢E=¢,E+P,
B=uH=pH+M.
H ARG E P AIBLCTRE M 4 B RN E BRI E R T, A ob 4 sk F B AR AL
HEAL
AFEMARR ERZSTHHIRERT LOEIL, TUEENEEEFRESY
>R [36]:
n-(B,-B)=0,
n-(D,-D)=o,
nX(Ez _E1)=O>
nx(H,-H)=K.

(1-3)

(1-6).
XA n AN 1 A ﬁzﬂ?%ﬁ@é%iu%g,o&Kﬂ%ﬁﬁﬁﬁﬁ*ﬁﬁ%

HEREE, THRRIAHNRPRELNE. R(1-60FRERENEE B HﬁﬁEFJﬁ%E%Eé
ELER, %E%ub%aDm&ﬁﬁEZ@m% EHELFTROEREE o %“
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% REENTIRSECURLERELY, HEMBAHREHNYVASEZESTRESE
HEE K, MEXRFWRESIE S, FAELERTBHAREMBERYATNER, Eit,
fEIXFIER T, B3 E FE7 H PR 4 E U X EAE D FIENEE B B0 B
IR 1A 2 B R AL B IELE R

1.4.2 EREBITERBEE P 2 TE

FRVRMIBIEAT A, RN T AN S ERERMERI. N AMNAZEZX P/
e, HWHERFANTHRIUER. FREMRE 6 MisE, "TLEXUTiRE LA
— TR, ENNRXRA:

FUFFFij 11 22 33 23(32) 13(31) 12(21)

BFRFLI 1 2 3 4 5 6
Lhr b, BMKEREEMNMYELRE, TURRBASMENKENKER, TRAE
RISk ERIXTRRE, WA H 28 =05k £ 5 B R EON R R R 0P R BN ) B 2R 5K
£, FUATH 27T MrEFh 18 MBI E: W kERMIERE C B REIN A
NAF, ATLARI U TR, AL EE 81 NEN 36 4. RIHNIE LA ——1%ik.

PRI ERAT A — AR AT LU 3% E RIEBAI %S D R Bk iR, BT A ATLLARL H
RN GE B RSk . /MRS HERT, SRRt ERITRERMER[29]:

T, =C;S,(2)-¢,f(2)E,,

D, =e,f(2)S,(z)+&,(2)E,.

2

s

(i,j=12,31,J=12,..6.) (1-7)

e CFf o plEERY ER) THHRENERY: & NEENERMNEEE e AW
WA (FFCAERRED, MR Cm’. MU, ERAT AT LRE A[38]:
T,=C}S,(2)-q,8()H
B, =q,8(2)S,(2)+ tp(2)H .
e Cf AERES TIEEERY, L AEENARN TR, q AR R
(BHRARMRED. L L, RA-DHMA-8) R EEFEMEMTENITERETH—
M, BEWEEFTRENES &R, ET REBEER.

(i,7=1,2,3;1,J =1,2,...6.) (1-8)

FETERZME IR, BAETLIZRE, BN ANSHERLT, FRF51



%ﬁl&
il
=
il

FITREA LR (39]

,
ou

V.-T= .
pM

(1-9)

HFuMp p il RER BB REULMBEE. RENE-BRRS=Vwu[39], 7

DRECE:P
'S
V.V.T=pis. (1-10
S P P )
X (1-10) FIEM A A:
° o o 0 o o
ox” 0x0z oxdy
0o = 0 o 0 i
S, oy oyoz ox0y 1
S, 2 2 2 T,
sl | 00 52 65 - .
IO 6 2 ’ = 2 Z ’)a-y i b Ox’)é 2 ; (1-1 1)
or| S, , o & & & & &’ 1,
S, oz oydz & @t Gxdy oz || Th
S &’ 0 & & &+az o T,
&éz &bz xdy o' 8t yéz
67 az az az al az
0 —+—
ox0y  OxOy 0x0z oyez ox™ Oy

RETEELNE: MREEHEEY, AXTHaYEENTHERSBAS .
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RoE FRBEBTHATRLET

BE R EEE TR E T IREEUT

2.1 5|5

FEE Gy ESR, e —NERIE, AMIXAAEFSMIMR L ENAE
ERARDGE, 2EUMNFARASZ—. REARANEE, ATATLEL s R
BLHAL Sy SMEFERMEE BAFREREERMENIE, ZENMEAM R LE
i R TSRO G R Y B RN AN R BETF SR IR B AT AAR SR P2 A - 3K
EFEMERE. fla, SABEREETABRBERNCTER] BT TEMEN
(Brillouin) X 115452 FERZIHBAT A RE TRERE, W DURDRIZHIE FRIMEHE . 5K
b, FERERKA TR ERIIEGT AR R R SRS, e s R AR
WA B2 MR E RRE T R RE TS, ZMREEER THOIRILEUT. MABUTET T
MRAMOFLZEEGFR, BERLBTTIRFF A MR B E R, 0l 2
RN EpAp PN

FRAE L B A BT R R, TTBAS S SRR AR . BT STk
M GE2ET) SHE OtT) HESEETERAE TS, EERns
TR ARG S B A TE RS TR T B S S AR TR AR
TR, TR AS BRI, EO BRI, SRR
METFHAEHYE. —Bik, AETRETIEEEEFTIESETELRR, A
AR ARTRESE, BRI UNERNYE S TRER, 2ET551840,
YT AL S R TR AT S 54 %%, MAENTMEMMES, BT
WHT R TR, AWML ET?

20 A\ FERKLUK, RTIAR L IRSENAERRETTERATA T RBRE.
HERAES R B AR EERNER, URETEEBREIEREMREERQ2-11]. £
REAFHERESHNERBEET, ELEEREUMATIRY, BBLEFE, X
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FE EHEBRBRTHETRICET
R AR ERBRARRS S RBIKNEE. MR SRERT, ERARMEFE (8
510 AR AREEER T MR IESE, TR ENIA & FiR. AR S FIRER K
AR EMAETY, S TWNEN&FEREER, KAER, XMEEREE b
FROAFERBEAE]. FN AU RFEBEE T, KRAXEEHLFEERNX
FR. FEBEEBRTEBRAHBESRK. EFRE. ER/PEFRE - RITRINEN[9)]

FTERR, EREEBOTTARE T EEAR. MEFTENG —HEHEERS
—HEXUE T HEMSRLE, RIS T B BB R IRSIES, HREETREF TR
e, EERERET, BRKERETRESEBERRNKERINNES, #
LS TARALEOT, TR B A SR U T R AR P R E RN [12] B—ERIAT T AT
BALBEEEREE, BHMRATRT A THE D, BRAEEENE L. 14, |
EEGWERER S T EEBENNANE, mIERTRRSZERSEEE. B
RERGESRERE R BF L F AT IE. MM I F B AT R EMNE SRR 5 B R
RIS .

BRI, SARTCHFZFEANNEREREIREI T X —YELRENERAR, ik
TR—EE, FARILT BRFREFIENHETRUETC. REMEZ &
AR, FEZESEERN S RENE. X, ERAETHBERRISHET
R BB HR; A— T HERRIREI B SR ki, R 5E AT f
iR iR e BRI BT [12-16].

, X(X)
A 7
Y
L{
Y7
Z
For positive domains For negative domains

B 2-1 ERBMTERARRENKR, XRRFEVHKE (AEEBRRY) EEABRS.

sof [ R AR AR R IS FARALEOT, REITU—8 B RO RBREBER (B
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FIE FHBERETHEFRILET
BV x TEHEFD A6l ERT HERNE . RREZERT dm S8, HENER
A 2 71, TE S EHBE R R R SRR 2 (A S5 R R 46 x BHAEFE 1807, WE 2—1 BT,
FEEKEFEABTRS. B 2—2 B/R T EREENEERT], Lk ETRERIER
sAtER, KR EABEFEARNEE d.

\/r
JA d e

i

(al

R e T T

()
Bl 2-2 (a) REREEENENTIEE: (b) EERBRINE RN, CEBEK, nakisE, ©5
Ef Y FREFRM G ESRRT, TRESAER, EHEEEEREERBHRL; (o) JEREHED
B ARE, 5ot REWAEREH, BEERERR. BFARFLUARESLE, (0)5(©)
R ATk mR AR T M. (B EZESCE(17HE D

AWy J7 FRIRA BRSO x T A, STERRAR IR x 7 MEREIIHE SR
YRS, . MIEBKT AR, TFEMAR, X8 SELEIE RN F—E L IR

WA ULE 2-20)F(c)) I BLIEE B S oh thILE R i fl. KRR B
SNT, PSSR, EIRBR P B S S SRR AR, TR

W

G FIRET, FEESEMESEEEARSIFNERIRE 2.
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FE EHESETHETREET

BEIR, EANYE TR BT R B — AT BB R R 3% R R R R,
IR BT R BB AL N UK A 1] FAR AL, B A ) B AR AL S N B R AR S T TR A,
BB T e MR ESETE FRAEBTT UL, BRGNS EEEEE S
FRUBITERANFEARR, BAEETFRRAAANTRES TEETHEE, A
IIAREFAEERERET, RREENEFIOLTRETBARRMETT, wEE 2
) R RLR AN 7 TT AR BRI XA [ U AR LB R A E UNE,

2.2 BT EARA R R AR S FARMTT T AR LA

RIS TRUBOTHE LHATRY T B 5 SR M A SR AE, EREETFREK
FERAYE, BET SWEIMEEANREE &, FNRTLERZHE; RERIEET
Ae il “IREEERIEL, BETREMNEEBEEE &k, FARNTES IR
T R B E A, AR B R R4, BB ERES
TR R FARAC BT 4, I BB I XS B AT LOR R R BIZE — # h A F IR TR
PN . B IR AR B A T B T BB S AN B T RAH R A
SRR TCEIR ST 2 A% T R AR R AT IR

2.2.1 FFRALEUT

i (RS
BB EIEIRED)

B 2-3 PRIt R
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Wl L N

N

BIE EEBREREEFRLET

RACBOT RN R P —FAIERE, REESY AT —MEZITEK, Z2EW
WEYFARMBRRESEESE. B TREBTRNENRTIE T (BB 5xX7F
(REEED WS, Bk EEERS MR B ER M RRBRUR HRAT - . 1T
HEATIEB A BORUR BRI, UK B R L SR S SRR R AR BUE LR
PORUR AU, BUR BRI X R SRBUR I AS FEE, an i 2-3 BT .

FEik, BOVFFRAE TRUBOTHTERAE AT AN T EATF: —2, MBEikaE
TRk () &BRsl: H—T77H, EFEREN B) RRRsE TR X BRI

B2, BATAARSERIE 2-3 FrrrmEeg, MAseERms Fikikson. TE
HATE SR E, DIEIBRAESRHIE TRk ERE TR BUTr &+,

2.2.2 BTEETFRE RGBT

BAREZEE TR E TR BUTHTE AL

(=) ERBAIMNERBERFEATT MR &S IRTTIE, WX TR

Btk (BFEEBMIEEEEE) ERGEMTREIRSNERK, Ehr Ll

e HEERBEETHREEBIRIBRCRAE, RARMBTET: Brafks ‘K
RS MARIREGE N 1 BIREREED; FEEELER “EERE B en. en M

T e AMEY 0 (B AT RE VRSN T M BN, YIS, BANGRIER 18k AN (B
AR T REBAIRSD): R, NIAEERIE.

TEXFMIELLT, BIREE TR&ETE X TRAABKNFER (k) Bk, B4R

OB KT AT B, BRATTUERERRAET, KA S EEEA R

PRk . S EET X T AR AR, B (-10) 52

5’s  .8*S ©'(e,f/(NE)
P -C 7 = 2 >
ot” ox° ox”

(2-1)

H ey 31 S MNHEERE. S FHBMEEIN EQ) =E,explik-r-ot)], TR

IR f(x) FELH RIFERMNE S (FiR) fRBA:
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FoE ERERETHAETRLET

FOEDWASS

(29
S(x,t)= qu e’(‘ln-“fwr), |
4y

HF G, =2nr/A  (neN), ANAGEBELR; s, A f, 2300 n &L REL £, (0)=1,
fo (M) =0,(ne N,n=0), Y AR 2-2) KA FFE (2-1) 15

o (f e("vE e'”)
> lpw’ ~Cq, s, € =e, Z z (2-3)

Y

MR C-3)BINBRESEEL: BENIRMRERN X T8k ek =00, g
Box il X T RARERI AR . ARURREEEL, RITAAESE FRES, BHKERRE
AR AR BN SR e B T MM R (R K/IMESREER)D .

(2O BERIBRE, X 7 AEBOYRH AR THR S X B0 REE (%
FELRR R B R SRR ARSI R R U R R AR K, TR A SR LRI

B S50 /M, RENEET R R SRENESII/A18-20]. MELK
BAGHN L KOLFR AR . EHIEER SN R 3 E E R R B AEBR R 1,
RN R E R IE N 125 [ HAR R R, R EMEEMN. KRBT ENE
RITHETREEGER, TUBELITER: 1. YMRILIHLNE, RKEERFEME. &
X(-1a)AT AE W, PRAIH UGN T KE S, 125 T #R3%E, FE L H LST (Lyddane

—Sachs—Teller) REMK, o, /o, =(5/,)". LSTRARBRT: BANEERHs,
BRRKTFEINEES e, KAEYDENAE 0, 8 ERTECERET R0, ETE |-

EHET 0, #0,, FHRFENEFER (CESTFREFTERIFND. 2. HRLTHE

JiE, BN, AFREE. KU FFE5LFHEREEAREHER—F TR |-

BT TR BENIERRLE (0,0, 0,0) FHTEE R ROEE, BIANE |

NSTEI B R S A R FAR— N T LE R e, BirE

HErmPATHERTE, 8L TFHENETERENTR, FEETRX—HEMERE
KK
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BoE EHEBRETHFTFRIGET

iE 2—4 B, POLEFET (LO BF) FEMMRmIEERR q 7R (it
Bl X 71D, [ER BRI ARIT A E . WA R AR 5 R R S B R R
HAEMAR, MBECBRENFITERAT, INMRUSAEF B, MEFR “&#F
%7 RIHERLER, REEMRKS2]. B TEFANEANEESHEBHINTR
AR (AP S5EFEMR , RikFHHEAETEETHEEFEMCE, NmENTKE
71, ®&EmT LOB THRIE (BILST X&) .

v

B 2—4 HrRtbipEm SR rmirER

FSEATAT LG R I T Eie: X AERNYOCFER ARG AR, A5 mulinsg
BB RE TR BT

W 2—5 Fi7m, JeF BRI SRR q TR (BN X D EH, EHFAEERL
Y. BT X TP MOTERME R —A “RIE7, ZOFERERN—AFEEE X 7
mfERERT (R Y FERSD, RBAKE. ABRGEY BoEN. BEREY FRLET
PIANFEREE AL IE. OB EIRE, AHEE “Failie” e, BERASEN
BT HEMNRNIKE T, e NIE o, FTEEAR 0, .

ME2—5Ef UEE, Y AKLET “Fi” REATESFERSERN. TNATLE
8, ZOCFEHBOR X 7 MBI SR, WY FBERE B A iR R A i, B S
B 2—5 AR RS IR . ARUATR BRER, 18 “FI” ¥ X T RNEERONREK,
2B, WRETE (X FFED ASHANRREREN, ABERNTT AR, ATL®R
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BoE ERBARTETROHT
18, BHFEMEEL AR, F XY FEASIEMRER, BED Z MEs, | -
HEME M N BERTZRY), ETEGART LO EFIIEN “Riskit” i, | 7

2
et _——— S+t _———
v4 1 1 {/
" - 4 - — s+
fis
,, U I RS f
> IR REE
X - 4 - REERE
g‘vg?.:::)h ........................... "{i
.................... y
s+ —— - — — i
T $ -+ + + -— - -+ + -——
—_——— -t _——— 4t
I3 22 22 272 A2 i
% g B L g
£
¥

B 2—5 BAREEZERERER (SETE21D

MEL BRI RATAT AR IL: SbEBIE (TO BF) fHMEBRRY, TO BTA 4
B bR RA R W EFTAK) Z AR MR LR B SRR q 7 (E

ft
XT7ID feEauR i (B Hy), (HUAILLMAH Y MEBHBESE (B, H). N
¥
AR B P, BRI BRI AN, BIOTEIESTFRAH: LOF
F AT LL e R e e 3 B sl U, BRI TENE, FEeR B IR Bk, FeeTE .
2—3 FrRtEs, EFEHRAEFRILET: TO F5F AT LA i 7] (A 4 A e B | "

#, RITR TO BFEESHAT AR, BENTERS, BATEMENS TOHFAN |
EENRRR, S2RRATRCHTT, SRR LR E TR Ry | f
Wi GEEHR Y AEHIRNE (B, H) SRR H X 7 REE0EE, i
HEGR, MBEFERURACHTE) . BRRATRILG BT S PR EIR0 B T R AR B S TARAL B
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FoE ERBRETHE FRLET
—E &M EBETRET, FERE (TO BY) 52 BH M FE SRR R A BRI
] LR RS TR BT,

223 ERBERHIE TR

PAEFRATLAYE X 77 1 A SR AL e FeBR B (PPLND A5, REEERBEERTE TR
WHTTHI T B . AR B 2—3 BT sBl Bk 1E 0 H 9, FFE TR TSR
HIBUR T -

: BATATLUR E b A SR T B RV X B (I3 BOBR H0A ik
SFATE AR S R X — . BRI K TR SRR A, RATATL
SRR AT, 5 S IR A R B T . SERIE R X 7
G, st (1-10) B E (14

'S &S _&(e,f(DE)

Par Cax- ox’ (2-4)

Hf ey RIFH S MMMERRE, f(x) AEERBNASEG RS, FREASEER
A, AR

I PO -5

T B B 50 (1) = E, expl(ik -7 — )], 55N FIRE I Ko 5 A 5 e 0 R BT
FILE, SEXETHEMEEMN, FLABRERKRRETET. SR S M
RE S (x) BATB LM RIT

S = 5o

L (2-6)
J(x) :chne[ "
G,

e

HApWA S qULRHIRS), MAlRERtERs; B G =2nr/A=nr/d (neN), ANA

S
E
-
F

BaBEAMKE: s M HAN 0 FEIHERE, £,0=0,

o 1 ==sin() (n e Ny 0) . HETEAL (2-6) AT 2-4) 18
§ nrw
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FE ERERBTHEFRICET

8 (f,; € Ee")
2 2 (g+G,)x _ G 0
Do’ =C(g+G, )]s, e =gy :
G, G, 5x

MR Q- BIVRESFEH: FARTEFREFNENL, bTERRRET BTN
MERS, SPENERMIRERN XS EL BERNE, HEEEE X FREERNER.

(2-7)

BTG RINT &L EEHEEET, BT ZMkEE s RHE T AR
MRS, SEUEH BRI IR R 5507 RAE R AR — PR AT A (EIR &I S
& P ERBOE A B T ).

BEINDRE, EU@RETERME BRI KIER. MFEFR, 7 PPLN f—
DX TRERFEE, SIET Y Frm L TREN RS BENRE, BR T E0NAER
BRI Dy BEETERRBEESABTEAIMERS, BEFABE— NSRS — Nk
FISER (ARAIRIEES EABENE —REFEAM LN, X5EFREREEE T
R AP TEE R —RE# 75 S EREREN). REENE A, XY
3 TR I HLAR AL Dy S EUR Y XZ P A BRET), SR R . T B E A
AR BN AIE R RN, BTLL X 5 MR NRSI LR SR B B, B4
EAGE et AT LU BIE O AR IR S b 2

vV

E2—6 [EEB&E TR RESR

BATATUR AR, EREBEES, NETFRETE PRI ST A E
PRI — 1T, R RR AN E S 53R T B & RS TR,
RARE), ERERS), UAEENEERAEE. ERXMEREHIER, —£2E
AW AMER SEER MR AR UE, B— R E B AYE BN, ES
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FoE EHERETHFTREETT

?;ﬁu%é&%%ﬁ%Eﬁ%@%ﬁ&%ﬁ%,%%%%ﬁﬁ%ﬁ%ﬁ%%@ﬁﬁ%%ﬁ

— R FEFER, BEEEN AR RAER, NmsEZEREHRL, MmEZ
JE BRI N HO R R 5 2 X RE PRIE B 80K R B BER

2.3 BE/NG

BMEREAFREMZ L, HRT —EEEBRRTETRUEMTHELR 5
BFRATIERE T . ERATET, BNSWEHERKTHE [ETRKEN
i, MERFRARLEIT, REEEFEEEA TR EEXEAHHEE, BUHE
CRRMCEMFIE LRI ERER L. RIMXERE B vaES BEE L
HRRER T, BEREMA I ERIMERINRE]: EEABERBETERIFARS
[ B AN 18 H A A FARROT B B EI A AT & T S 1 0L

SETRAaMAL, ERgEREETATREMNIIN, FET —RIFDEN
MR £ FEES, BFFRIGBUTR B 5FR (R IEASE THMEXTIZEED
HIEEHET, MERRESET, CREHMMESHEFFAERENER, RERIW
AT R B R IEWE B ARE B ¥ R B EETRET, B rRisor
Fge th AR HE R AR R S A PR S TE A, MEEBEERT, EAME
ARSI ENE R E R RS, A LUMTEBMNIRFERRE N F
BZEAFEAFMRNKE GEERRTED.

AT RETAR LR EHIE SRR ERBRETERNEERET, HEREKE
BRERAHEER (BEEHaEENEN 1R TR MR BRI, Hit
FeATH BRI S PR U AR AE ELRUR T Rl B SRR B AR BT TR B A 1 - EATRIL,
EETRET, BARRMCERMA S BHBREETE NS TIRILEUT:

1. MNERBBEERFEECRE, RGN ERERTT R,
2. MR BHIERE, LARCEBIE OtFREH B, MOeFEARER).
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R RS, FEE SR R R S U B R AR & R R TR T

1. NEBBIKFRORE, BT EERENEABERES, SRENFER—CERmL
.

. NEIRBR BHIECRE , AETETRAETCH BB ISR R P B
%, EEEEEET, TRHRIERBRRIELIEEMH BRI, NITERH S
HIRE7, BREBOR RN, BT R B RN AT N AR, BERIRELAT
LLRUA H 5 B R

[\

RN WRER/D B R R RAR 451, 1675 TR BUTHIRE S 3 R AT 4 4)
BB TBEREME, RNHERGNACEST LAY, XL NARET HHa
EARE. Hi, WEREERUHFANMETEENEMFAREN, TEHERKMN
FE 1. IREETRNYEIEENAN, FEFEH SR EEM 84
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3.1 5|8

HER NTHMSHD IS B Esaki 71 Tsu T 1969 £75% SRR 11
K], FIRAMIEKEIRE, FA/RIATAWKIRE, £BE&E[R2]. NMEERERKR
EMSWPAEERE . KFTAMSET AL SBAERLTEINETFRETEE, |
ERELTEFTNEFARESAT BHRIZY, MEELTEFFHEFULE. F
FEANTHEMM B R RENETEESTEREETEN, i a8 S8ty
IR R[4], XMIASETHTIET. FFEETHABNES . FIMDESHNA
HEG S E R TR ERE, IR R A N T E R SR k%
BN A ERARICEC RIS A o IR SERT R B IR IO A B 6] B8 & FhThRep 284, W
FEF. AFRGESE, BETHNGER.

20 g NFEMRRESK, FIAR R LIREHNABRRETTZRSIR T RERE,
HRESESELBTEARNER, URET EEBRBIERSMARERS-14]. N1
TERR, EEEEBHNTRNGE TEZER. MEFFEAE —EEREREEE 4N
JRTEEAASREL, ATV T B SEERBRIKAES, HREBE TS TRENH
T B—HRIEE T ETHUBTHEREE, BENSEPHEIALHMEST, B
i REEENEX[15]. Wi, EEGERB ST mEEEENEANE mIAER
PR SRS, ERX—HUNEEEREBIRAFE. AETHESERET
KRR IRE S R £ RS

B, SATERENNERRER ORI TS~ YRERNERAR, R |
TE—HE, FEEAT BRRBETEE OUETFRHT6-18); FRTEFE |
R ARFNENET, Ea@A%EAWASTESH, BT HNELRES] |
RERMHERSHRE, B RS RAEEABAREE S, HAEBaKHTA

26




B2 RS NS - | N7 B OF BN

B e

o o

EG|

-+

E .
4H

R=F —EEEMERETHAEHN

FIEARAL, TR R . X, R IR IR BRI 7
F AR BEBUR R AR AR IR, (R B B T R SR SR IR & T AUR (BT .

TEULERZ £, FEETIREA T A R R e TIRARBTA, X T 5t
WOTHIRE S R19]: ZEAHMUKNEREERET, A—MELRRI SR EERIRLN
HELEARETE R T FH A TREoT, BTN BRI R AERFEN, XL
BRFRETIAEANN,; HEERBEERERE 2T ER SR, LS
i B MG AR IR AL, BEEEERRLE S SR BT [14].

BORJLELR, EFHE TR, fERNBE FEN R AU S =AM ED
TIZFATSFRIT IR T AN TAVR BRMEE IR B R = IR
TIIRAEFANERE, MEHBERTEFRUEBTCSENRETRESE, Mok

- EREEGEEET, STEFETESNMRM TSN, KEERTU AT

SR, WIS BT XA G20

TERT & B R R 4% T WA R TS MR 2 R I R, R B R IR — M8
R A% YR F A 55 BRI AE G RO IE B, Gn R SCRR[19]7F B E S8 % R = T AR BT AR
HGE—K, A—1TEEERESRANEERROBDREES. BOEF R R EREERE
SR S AR AR LR, RILT — R RN N, IR
R UL R B s i T = AR

3.2 UBEBIRSIAREN K BASRIBITES

3.2.1 BERFELELEAAE

BMNEZR—HEEEEHERE, CHBRBREBRMEMEREMENT 2 MARTEES
T, WE3—1fim. AEEEL, REAEMEEENRESREBEEARNA 4 F
WEARCRIRR B 77 | 30 Z %, XA RATITLLACAE R REMEREAE XY FEN S
[, #/E Foom S#. com SHRAERBES 6mm SFNEREE (W0 Zn0) —
B, BERENNHRE, HHERENEESRYZEFROMMIZE, BAH LR
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BEE —EEERERE RSN

5, WF[21):

‘h Gy G 0 0

C, ¢ q 0 0 0 0 0 0 ¢ O

Cs €5 € 0 0 {0 0 0 ¢, O O], .
0 0 0 ¢, 0 0 e, e, e, 0 0 0 (3-1)
0 0 0 0 ¢, O

00 0 0 0 ¢ Ces = (€11 =¢3) /2.

IR TR IR REFE %, HB M R R R A S W R [22,23]. X, AR
FERHBATE R T BB AT A B LT B, (E T 40477

PE | PM | PE | PM | PE

|
Ev
'
|
'

/ d d z

Y

3—1 —HEEHEHEERNENXER

R AR, ERRERTERE T EFREEL. . BN, T
RELR A, e, BRTREENALR, KERITRAIR0—DA0-FFY |
S KERMERSE, LEHEE. MHBEANSE ARE, KRR |
BEERIR2.23). TER A RRE R, LSRR AR Y. I

I, = C[JSJ(Z)—e[/f(Z)EJ -q,8(2)H,
D, =e,f(2)S,(2)+ 5 (2)E,, (i, j=1,2,31,J =1,2,..6.) (3-2) {

B =q,8(2)S,(2)+ tou, (2)H,

HTTS CEHD.B, &, p.e F q HRRRNS, N3, #UHERY, s & 1

SRR, WY, BUKRGERE, RN, BEE, FERMAERRY f(OMg0f.

FlRERMERATRE. EFFEEOR, XEMIEMNERBEE b RRE SR
BOFSIERER, HEn
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R=F —REHERERE T HESHN

B 1L +a L
E pm > N __ N
% p (3—3)

2dp = d,o +dp””
Her, AR “pe” M “pm” 4IRS EATEE BATEAREA R Y E T RE

XGDHINT ELEMEHER P ERMEMMY, BRFELAESMETREE
ITANES . EREERE, FNIMESIHRE HOLWFE CEk24, 25— Rl & rI#
RS, MHMEGHREEITATERERUNMERSNESHEREGR, ATH
fEST I UER], IMALERANATEEREMEHRZERNZ2HEENE.,

EEARNZ MRS CMER N 55, BARDSERTUZBKILAH T, BEFGKIEZES)
TRERA-NFNE TR ERS =V u BATA LIRS T FE:
o’S
ot
AP TRENSA, SENZE. WaFEG-HHIERER M FFEA-1DETR.

IS vy (3-4)

YRR EEEEE, TREG-OMG-H LR, R BIEETRN, BREEIER
A T ZE R T H TR RRKK, ERZAERT NN — SR AT E. &K
SR ERN Z INEBIEIEK Ss. ERAX G ERERAMITIEG-2)RIELA:
I =CySs(2)—es f(2)E —q58(2)H,,
D, =e,f(2)S,(2)+ &, (2)E,, (3-5)
B, =q,58(2)S;(2) + o, (2) H,
Hr

L ERE(MA <z<nA+a)
f(‘)"{o, FEREE(mA +a<z<nA+A)
0, EEEMA<Lz<nA+a)s
¢ :{1, EHZE(mA+a<x<nA+A).

EXE, A=atb RFAYKE, a. b 2R R2—NEAHTEREMERENEE. FHT
F2(3-5)M(3-4), TATATLATS 212 [ F IR WAHR B 4% Th VR Z 77 MR RE A BOBRE R i k30 S Y
EHTTTE:

(3-6)
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REE —EEHEEEETOBE RN

0’8, 'S, &
> —Cy : 2 [_exsf(Z)El _QISg(Z)Hl]- (3‘7)

Par "% 5t

KF p RIC, REBEAEIE T ENE IR E R

WTTFRE (3-7) BATATLLE R R AR % S5 R R e —FF, B — N2 dRT,
ANT IS ) IR I A S T @RS TR (2-4) Hlakiss, BWTH
-7 FlHBEGMESZIEFEERNC, &1k s R R F R s
MEMRAFLFET AELERN T, NTRRIESN . X Wk H RGNS 8
RO e 7 Sfe i X T A (RIRIBEEE A I, & SRR

3.2.2 AWITENBFES

Bl B R AR KIS K T B s 0 A B, TEATEIR A B B /T LK R R 1 S i
SRS E, SRENGTEEMBIEIE X T REESFISE E H 2508,

E = E,e'" ) L E e'v),

H, = H,e"™ 4 H e,
HF ko M ks AR Y TR Z 77 RENER; Enfl E; 4 BIE B X FRARIE; Hy
1 His 7 A EHISE X 7 AERIE. EKEERAET, FENIREERRNEEEL
i, FULERESA R, FEMERERLE. NALEKERERAHA
MALEE, REZETEEENN, BERERRNERREITEI, SE5N%R:

S, (z,0) = S, (2)e" . (3-9)

(3-8)

XTVAR, R EO R M R B R R SO T S B T
Ss(z)= Z SG,,el(L“GH " >
G,

f@=2 /e —;— 2ZLC—°—S”—”)H JEHEQ2nd <z <2nd +d), (3-10)

nrw

1
g(z)=) g, e =-2~—52i(—ﬂ—m—)e’6 JERLE(2nd +d < x < 2nd +2d)
n " n=0 nrw

KNG, =2nw/A=nnld (neN), ANFBEEEHLE: s, , o, i gg, 5P S5(2) 0

f(2) M g(2) B9 n B &L R 2L
K J7 e (3-8), (3-9) A1 (3-10) fAATFTFE (3-7) 13-
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R=% —REEEMBRETOEEHRN

D [pw’ =C(g+G,) Isg 7" = D =’ [el5f(z)§;2+ q,:8(2)H,]
G, G

P

5 Pl QB e fAEL™ ™ ¢ ug(HHue ™™ + g Hye ™

G, 64
(3-11)
HTRIEEL, ZEE—MFZM/NE, WHFEG-1)TEA:
Z[pa)z -C(g+ G,n)qsome’(qwm): ~ “‘Z le;s £, 'a”:lf‘g_i)“*‘ 4sH a_g—(;)]
G, G, oz z
= —Z [(eis f, B, +qbopH> } (3-12)
RIEFFEG-12), TATATLIEE:
S —;Gj——e’cn:[e fE+ H] (3-13)
G, _pa)z—C“Gf 1sJ 0l T 458,441 =13
R R AR Ss BT LAZRR A -
S (V=2 e ,_C“G " les fuE+ 58, (3-14)
BT FRG-IHRATIEG-5) AT AS 3
D1 (Z) =& (giyl(z)"aexzsf(z)]r,; /SO)EI(Z)—aelsquf(z)gnH,(z)
=&,8,(2D)E (2)+a,(2)H (2),
Bl (2) =Hy (;ufl(:) - a%zsg(z)gn /,uo)Hl(Z) - ae15‘]15g(2)an1(2) (3'1 5)

= /uo,u//(Z)Hl (z)+ ﬂn (Z)E) (2),

G2
Hrig= —_—
;pa}' -C,G,

MBANGHGAR, THEGMER; KL, BEMRERSEHHER.

€ XEHIMW () B, (o) RUHG IR RETHEE,

NSRS LR R SR R RIRSD Ss ROIEREMENE, AT AT UL RS &
MrEig R, NEEla=e""G] /(po® -C,G!) » REBANRFEIELREERMEZ L
FALHIAFAE, S 1.4.1 FATR] LAANE 35 A BEA 7 SR ) e 77 1| A0 B S, i
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Hef B FH, SR RE—NREAE X 77 AR RIS, FF pe #1 pm A B# 5

EERENEREANYER. XN S R0 BB B R
) X 77 845 2126]:
5%—%£%8(EW@H%UHW)M+[%/Uwpmwl

=&,k + dejsq H,,

1 i ) 2
By = [ oty DH“ )z + [ Ltopt, (VHP" () 5, (DD EP™ ()b} (3-17)

= popi, Hy + Aejsq E,,

~(€”’e+£“" V12— Ael, ] g,.

= (1" + 1) 2= Agis | g, (3-18)
A=2/[d’p(0® - @] +iwy,)).

ERE, o,=Gv,Mvs=c,/p 7 Al BEREERS Ss MIEREMANENFE,

Vs =/ cyw; RIZIRBNI B AR REL

R YEcom SMBEE XY SPE A& MFEPE, RATATLUZE D, M B, FIRIER. BRMLAL
PR ITER Z 4% Y MRIR A8 RSB IRE) S BT AT, KRN SRR
D, ¥ B, H1RIAR[26], BA ML RSRIETFE AL MRS ERE 50,

BATAT LR FERERTTERS T 2 ERNEEBAIRS S;, HEFREZLETH ’
w50 S; KB AR BT AMEFIT R (FFREEERD MBS RN, hiafs
PERTRNVA T B AL RS AN B3 58 B R AR, TR M B s MBS 2 BN T 4
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— 1 { 24
EE— 20N pm P
H32di}QLyL+LH3@ﬂJ
FEITIEA(3-19), EATAT LIS R
E E + oy, H},
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