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Theoretical Studies on Electronic Transport
Properties of Molecular Junctions

Abstract

Great development of single-molecule science has taken place in theoretical regions as
well as in experimental regions in recent years. It is known that if a molecule has the similar
characteristics as electronic devices such as diode or triode, the molecule must possess

delocalized electrons. Therefore, the aromatic molecule is usually chosen to be studied

because it has delocalized electrons T electrons. In addition, the molecule may service
as electronic device greatly when it is chemically adsorbed on the surface of the metal. The
experimental results show that when a molecule having thiol end groups connected with a
gold cluster, the hydrogen is desorbed easily and the sulfur atom is directly bound to the gold
surface. The bonding between sulfur and gold cluster is covalent interaction, which results in
the hybrid of the molecular orbitals of the bare molecule and the metal, and forms the
channels for the electrons to transport.

In our calculations, an organic molecule benzene-1,4- dithicl is chosen to structure
molecular junctions, and the metal electrodes are presumed to be made up of gold. In order to
study the interaction between molecule and metal electrades, finite gold atoms are chosen to
compose gold clusters to simulate connection between electrodes and molecule. The organic
molecule is sandwiched between two gold clusters to form the extended molecule. The
molecule is a system liable to being affected by the electric field, therefore when the
electronic transport properties of molecule are studied, the effect of electric field should be
considered, which induce the nonlinear electronic transport through the molecule. Based on
the hybrid density functional theory, the effect of the electric field on the extended molecule
and the potential distribution properties of several extended molecular systems are
investigated at ab initio level. Then the nonlinear electronic transport properties of the
molecular junctions are studied.

At first, we investigate one extended molecule without adding electric field. The results

exhibit that the net charge of bare molecule is negative, and the net charge of gold electrodes
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is posttive, which indicates that the bond between sulfur atoms and gold clusters not only has
covalent property, but also has some portion of electrovalent property. The interaction
between bare molecule and the surfaces of the gold clusters has taken place by hybrid of the
orbitals of them, and the result of the hybrid is to make the coupling of the original orbitals of
subsystems take place to form a new set of orbitals. Some of these new orbitals extend
throughout the extended molecule, and provide the channel for electronic transport. Other
orbitals only localize on some atoms of the extended molecule, which have little contribution
to the electronic transport. The equilibrium Fermi energy level lies between the highest
occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO),
and is nearer to the LUMO.

The external electric field has great effect on the bonds of the S-C and the distance of
between sulfur atoms and the surfaces of the gold clusters, which consequently change the
geometric structures of the extended molecular systems. In addition, the changing of the
molecular geometric structures and the electric field cause the changing of the electronic
structures, which is exhibited by the changing of the net charge of subsystems, the moves of
the energy levels, the decrease of the gap between HOMO and LUMO, the declining of
Fermi energy level, the less expansibility of the orbitals and the changing of the peak values
of the energy density with the increasing of electric field.

The numerical results of potential distribution of the molecular system indicate that the
potential distributions along the axis of the systems are different for the extended molecules
connected with different gold cluster models, while the variation trend of the potential
distributions are similar in the direction of external field. In the weak field, the potential
distributions are even in the bare molecule, while in the strong field the voltage drop across
the bare molecule can’t be neglected. The purpose of using gold clusters is to simulate the
interaction between molecule and gold surface, therefore in order to ensure the accurate
simulating, the shapes and the size of gold clusters should be chosen accordingly. Our
calculation results shows that the gold clusters composed of three gold atoms can simulate
the interaction between bare molecule and the gold (111) surface finely.

Based on the consideration of above factors, the nonlinear electronic transport properties

of the molecular junctions are investigated by the elastic scattering Green function method
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which we have developed by us recently, and compared them with the experimental results
and the other theoretical results that alfcady achieved. The results are well agreed with the
experimental results, which indicates that the effects of the electric field on the molecular
structure should be investigated carefully.

The thesis consists of five chapters. In the first chapter, the current development of the
molecular electronics is introduced from the point of theoretical work and experimental work.
The theory of independent particle model for many-particle system is presented in the second
chapter which includes Born-Oppenheimer approximation, Hartree-Fock self-consistent field
and density functional theory. When we use Hartree-Fock method and density functional
theory to do calculation, the selection of basis sets is needed, which is elucidated in the third
chapter. In the fourth chapter, we detail the elastic scattering Green function method that is
used In Investigating the current-voltage properties. And our research process and numerical

results are discussed in chapter five.

KEY WORDS:  Electronic Transport, Molecular Electronics, Potential Distribution,

Molecular Junction, Current-Voltage property

CLASSIFICATION: 0494, 0561.4, 0641.122
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B AE A 2R R EES ) B A A TR B F B s IR B F A B L M
M4 T B IR A PR B R

2.5.1 Hohenberg--Kohn & 3

ERETH VTETHEEHRS, ABESBTHNG TFHEEAERNREAURS
AR AR, ST L [BE A V(o) ] BRBA R BT RED M I
—RE. 1964 FEFEEMABERENT I EAXNTIE: (ERESHEREFEN

BT LEEESN R V(D) SRENBESBTREE po(r) ZRGFEE ——NNXR, 81—

NV (D) N F—PEEEE p(r) -

[EFSNE V() REME, RN EREAURERENESEREY =¥[V], ~ML
gk, ERfLAE PR E RS, SiseMETRIKMHELER. FRENBE/RE
R LV VIR LUV, BB F Ve p——X N, XNt — P xSy E e s m

RGESTEH p(n)KNZH: Hpl. MplRA Vlpl, EXANEX L, BEFE p(n) £

REAAEEHZRTREARSTAYESNRNELTR, IEEEZ REIRHEAMR
&, Y REILTE P. Hohenberg A1 W. Kohn fx TS B FREIREM L, ATIR4H
AN BE 2 e B

(1) ZE—: Fif BENSRRKTFRANESLERLE TREFRE p() HM
—E&. EORLR: BTREEEEAE —MRERAEAVERRORATE.
(2) EB=: BEBYE R Elp] TR TR S T X IE 0 BR T 55058 B SR N
{5, FETESER. SNEAR: ERTEIEEME TR R %R
B RGESIEEE, o).

ZEPTEENESZIEEFH, MFEENERBKTF CXERERT) RAKNBE
e A
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A L8 3 BIE FNTERNRERNTIEL

H=T+U+V (2.28)
H.ARBhEE 10 4
T = _[dr'i?‘P”(r) V¥(r) (2.29)
FECHEF I A
U = 1 jdrdr' : (MY (r YWEF () (2.30)
2 |r —r ‘

V X BT A RLT SRR R K R 3 o(r) R 8 5M35 80w, Bl

V= jdrv(r)‘P*(r)LP(r) (2.31)
RE W (r) MW(r) 3 AIRARTE r eP=EFER — MR FRRKTIHET TR F
B p(r)y = XA

o(r) = (cp P (r)‘P(r)|(I)> (2.32)
HNTEER V), BBERE(WENA
E(p)= [dv(r)p(r)+<¢|T+U |¢ > (2.33)
BEX—KRME), SIHIXINZER Flp)

F(pys<¢|T+U|¢> (2.34)
CHEREEZRZENE-—TSMFRERTRIR. BIETSERE, HFRATE, £854
HGERZHRE.(¢),

Ec($)=<¢ |VIg >+<g |T+U|¢ > (2.35)
g BES IR ME. SEBSIRE V() HBERNRS, e Bv () KRBT R
ROEERE p (1), MAE(P)URp (HIEZER. KEBEHEE.

E[§]=<d V|4 >+<4 |T+U|d >
=E;[p]
= Flp 1+ J-drv'(?‘)p'(-'”) > Es[@]
= F[p}+ jdrv(r)p(?’) = E5lp]

(2.36)

Il



i e (YA FBF BRNTEERMNBENTIEM

EENTHRAERE Y () HBRRERRY o (r) KK, ElplhNME, a2, W

REHTEESER, BABLHE T REZHNHRNME, FHITRMEFTEESR
HEE .
FRZBR Fpl BARFAHT, Mo 5 70H B A4F R T4 248 T

F(p)=Tip)+ [ farar' 2220 4 g 1) 2.37)
=]

EAE IR 2005 5 BB AE R 7R R B) RETM 2 -C HF /5 AR B, 28 =10
E [p] RAREB KM EER, AR THEREFELH LN TERPRHETIER

W, B THEERAOERERE. E [p)hRE pBZ@R, HRERMM.

ERAFRANTAERERBRBEZ R TRAAESYEEANEETE DK
B2 XA BE R A RIR 0 BRI E RAR SRR, BIE=aERHHR:
(1) WfTH R T EEE po(r)

(2) WHEEBIREZ B T p] .
(3) WAHERERKREZRE, [p].

HAPE—ME AR, B W Kohn # L. J. Sham (JL2H) IRHEHFEEGER, 3
HE 3 Kohn—Sham 7. F=4W&E—ELRAEFIEN[RFEEZEIEL (Local
Density Approximation, LDA) 8%,

2.5.2 Kohn--Sham 5 &

fR# Hohenberg—Kohn B3, AR BMEASH THEERETTHEEE D Rt B
B8 3], &l

jdrép(r)|: 52[0;; S)] +v(r)+ Idr' p(r) + 5E"“[p(r)]:| =0 (2.38)

\r—r |  3p(r)

I ERTFEAREG SR [drép(r)=0, BA

ollp(r)l +v(r)+ J'dr‘ pr) + ulp)] pz (2.39)

8o(r) r=r'| " p(r)

XEHEH g RARESHE L. WR EXZTR T ARG THES, AE

H

12



Bt X BB ZRTHEANENTIEN

_ - p(r) | SE [p(r)]
V.. (r) = v(r)+ jdr P " ) (2.40)

M 7 p] 5 R A -

T XA EAE R RIBIREIH — K FT4N, it W. Kohn A1 L. J. Sham $#&il: EE3IHEER
T p] TH—TEMKEAEERNTHZIREZ R T, [p] RIGE, ERE5HHEEH

MIRZAFNERRRN.. ZEETLUN, ATFETHT, FLEEUHNERSTAA

E_[p], TE [pIIEFKFH. HEmeak 7RG, BANARR THEREE () R
F R

p(r) = (.| (2.41)
my

T.(p) =2, Jary ! () . (r) (2.42)

A, Xt p RS ATRN y,(r) RS RAE, UEBAHETRE XRE, ®A

S{ELp(N]- D E [ |drw; (nw.(r)-1] }/ 8y, (r) =0 (2.43)

FREE
=V + Vs Lo, (F) = B () (2.44)
% B

Vs =W+ Ve PN+ VLo =)+ [ar LD el DOL 5 4,
lr—r |  op(r)

REREE T SRERN—RE A EAURMEBFAE. 3 (241). (244), (245) —
2H5 4 Kohn—Sham 5 F8.
Kohn—Sham FENZ-OEMALHEILERAN FEME KB EHE/AARN FREEGE

FEHNIR, MR R AHE RN THERERERAL BB EERZRE, [p]P £

gty

AT FHERTHE. ETREMNEERTRE, BRRYEE, [o] hREEH.
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WL AR BIE BHTHRIPRATEM

2.5.3 R385 A,

£ Hohenberg—Kohn—Sham FFEFMERT, T8 TREESFHMBGRAER L
AL RN A BT N, IR RSB FIE LR, B LLSE
M—BRIALERR., FE, RMAFERD T THRKRRARZ R E, [p] HHERK.
ETRENERA T LHFE N

FEREEIHE S EH W. Kohn M L. J. Sham £ FIZ ¥ B BB R FERIEM, XE
—AMERM AT E B ERREM. REXBERERBRFEEILELF, THYSEFS
HRERE p(r) KB NEFAPHLRXEKEZ E. RN FIEHFEERE,

F—35 PR B RBEE e _[p()SB ST BTN X BT

E. [p(M]= [drp(r)e. [o(r)] (2.45)
H 4, Kohn—Sham 7 &4 FIAS #e X BERGT LA
_OE lpl 4
Velp(r)]= o - dp(r)(p(r)sxc[p(r)]) (2.46)

WS BFSPRVE SRR e, HERBEBESHRER p() R, #HEIHKRE
BB . XM CBRR— KA
Ve(ry= florilp" (n (2.47)

-t

R, REBRE S BRTEERBIAM. BB AATIRXBREERE e BrH
A R AL, 193

de, (p)

Ve(P)=¢€(p)+p i (2.48)
ia
Pt = (4 /3) (2.49)
B MRS S
V(1) = 2,r) =2 d‘egf") (2.50)

B AT B BRRE 73 AT AN SC B PR EB 43, B

14



iR vt A4 BLIE BRTERMERFEU

£.=8& +E&E, (2.51)

H AT HER T H T A AR F RS R

£.(r) =% (2.52)
dracr,
A # N
/() =5 5.(r) (2.53)

FINER LT JLFHE AR MKERIELL, 41 Slater 28 #% . Becke3 .
Perdew-Wang91 AZ %, Gillo6 AT#F:, LYP BF. Perdew Local xEL#., Becke 96
FEHE. BINETHEPFRA T Becke3 ZTH A LYP KBS,

T
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A B=F HEHEPERRHER

F=EF BRITEPERYAIEE

3.1 FFHIERIE I

ER_ERNMANTEZRTFRRAZF A, BEMMERRR BRI EL &
RUESTEETHRRKRENGER. EARANBRTFERES T, UEEATHRRE
MBS THIE. T TFER, SRETHEARMABETELS HRE, kKigixt
FREAAT R HBUEITERRE, EATRCKHAENSE, MouX-—-ERFERESD T
EFENMEENT2ERHES (MKREH) BT, HERFTERE. S8, XHED
RITLR, FRAESREBLAERRE, VARAELBE, TR EREEEE BT,
8 ZEESA, fUHTRIBEARE - EEREERELEHNA THIE. BA0%
HFREEH, BHERNE “REB¥ME", WERERHEHHBRTEE/D, HBARHEE
Rujgetnm. AMSBEEIGORBEAEVEARS THETIESRES.

R FIERE AR THERLEH A K HERA LCAO-MO (Linear Combine of
Atom Orbital) 7%, BHEXBERS FHERS FHROARTHIE, TERSH
PMETFEATHREHREN, BTENSTF, b9 FHBNEMITRE. TTATHNE
RETHRRETFERY, EEHMSRIMETERETHNEIREN, BTFEMET,
RRTEHARE. BERLE NS TFRBETIETHEEN, BTFHREETHHIE
RN, REMEFESTHEXR. B LCAO 7, B REMB/ I HEARIESFOE
RS IERIEHSR, XEBHUMEADAZN. B, LCAO HiEALEIES F R E
FHRERBRRER, BT IRUEENZONBERBEHIN. FEILMRELE iR
RERTHERRECELMETA S, RETHBSIRB B FEEN S FREFMNEE
R |

HTELFTEPTEERENME BRE RN, i, wMEREd s gt
BERFHZIOIERERESLAIEE. B =M.

(1) HERE: RBERES BB Fam)K.

(2) BABES: BRENE-RFHNBTHENAZIR FRERR.

(3) FRERS: ERPEESHEM L, BN EEERENEIREFHEELL

SRR FELE
S LIH 2 F R RS N E M 28,2PX,2PX,2PZ, B FHLIE E SN F &80 1s B FEIE K
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B4 A i SO A= BRitEFRERNHEE

¥, MBMLEMEK 1s ERBHBRANRPEERS: WHMELER 353p,3d-LLEREAR
25.2p3s e, BB A -1 HEES. BEFAEERYT K, B irE P HBIRTEREE
FIR-THIERE, AN, ZERHFWMBEE, LR/ E THERRER (TE
B — AR R T R 4 IRA D

3.2 KERHE PEEREAYIRF

3.2.1 Slater ¥ (STO)

ZEREFNEREXN T B (SCR) B REXEER, HLHFENA LCAO-MO A
THE B R H Slater EBEEAIRME R FHERRE, HRBENESRESBEFH.O
4b. Slater R EH & Slater I/ 1), EED X

Xnm{T) = N, R, (S,1)Y,,(6,9) (3.1)

HP N AEF—LE

(24){21'”1)! 2
N = 3.2
5 2 (3.2)

Y, (60.0) AEKERE, TR, (S, r)=r""exp(~¢r), EF & HE @nDHBFXHSH. BIATT

VLA STO ZEAHERTHISCF it &, REFLREERKMENFiEIE:, RUFELER

IR SIEPER S, o n, L m BEHE, SHEESEFREFT=AETHOMR,
B

120, n2l+l, -l<m<l (3.3)
SRTFHEARZZRETERENTREAEY, AEHEL m By, BRERH. &7

ATEAEEATA Schmidt A ERT L, MBS EXKEMERE FEUE. ER, AMEYES
HIAER, STO WENRMERRTHEEL, BENE&LREARN, BhEiz
[EFEKERBARR, H STO FREN B FHESRNEML, FELERETFHE
KERE, NEBETERED, SMNERBER, LN REFHIERNERSFE
H TR, H STO BAFERZWHAL LRER, #ln, JIETFERS TR RERA
T ) EREITR SR R BT AR AR, RESNE BT R BRI R X
BA—ERBEWM—NEEH. WH, Dro>0flr > off, STO & AH IFHBIESA
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Bt ie BEE BARTEFRREREE

WEAT N . FFHE r — o B KIHNEAT ARIEE B 2 R 7 IERE R [ 2R
“IE R &

S THREFRTEFRUTHENETHEN I STO ARKEL, A&
A AP EANTLAREET THESHKE TRPUERHEWRIEKR, X T et
Wi FHRFRORERETERN. ATHHE, SR -EEHEENRN S 7ILTEE, 8

2, HE—BRARBHEEREXHNEGR. EXENMNEFIEHBENC AR STO £

R, X F SCF THEMERERARE, XMEARINS EBH. BHBK, HH4E

RIS, AT EHNEATRAT REL. ¥ REATBREENREM “K

WRE” PEH, MERARERTRARTHHMEARTHCK 1 801 BLER STO,
ATEAYR, BAHERE TS FRUG, BREENT REMRAE. RAENFALR B

RTHENE, EASTFHERE S MAENREERRTRAHE LS, BEE RN
A, ATLER, A7 RBUXHER, dTLE STO EHP.OFEE). BEETOENR
DX 3o ) B BR) B5FR 0 SRR R B, B2 P N8R R B RIS AR A eR B — R B St o el R
TRMD THETF L. BERBHNER PO ENREERRSFR, LB
CATRAL .

BT A STO ERHE=FLMNURL5FRMBEME, AL EHXTIEEHES
FHIF=H SCF W EMRDERHA STO £4. W TREREFHFHLEUNST, BTHEMA
@HriEiTE e 715, [/ STO EHANKE.

1t

3.2.2 Gauss % (GTO)

XFEZFPOEE, A Gauss BT IHEMER LB A E. Gauss BEE Boys
HERHEMN, RN

an!m = NanE (aar)yfm (9?¢) (34)
Rn, (a,r)=r"g ' exp(—ar?) (3.5)
, L)
no+1 4n. +3
a f Qv 8
N = _ 3.
£ (?r(an —-1)!!2] (3-:6)

RPN, AR—UREE, a5, DHRUSE, & Slater BF—#. Gauss BHEE
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Bl 0 0L BoE BRTETREREREE

RIEE A B 7 SCF it HRE . n,,I,m BE STO FHNETHHNEN. EET

3 ch, {HEAE Slater R FHER =P ORI P LIRS BEERA Y, MESTRBUET

o ANTTEZEE 7 B . Gauss BEFE— DN EERRFEE, Boys iFHH, T (n-0)

HEHA GTO, BN OARRKREATLAEHA—DFH Gauss ¥ FEFHEA
EE, Sl URE 08 FR— DL, BEEEPO0fR e LUEAL A B0y, AT
T E S LR R

& Slater ¥ —+F, Gauss KRB BNIFH B TEIL R TH SCF iHHILE. HETF

.«Eﬁgﬁﬁiﬁﬂj (Gauss Tgﬁ{ap}ﬂﬁﬁgﬁ{cﬁ}%@ﬁr ﬁdﬁ{a’y}%ﬂ{cﬂ}r Eaﬁﬁgﬁﬂi

BME, ATITBE EfTNEE. RE ARBETERS T EREERY HF BFH
B, BiEB/DTHREN GTO MEHASZRE N, AT ERIRNES REFIFEH
{H.

GTO AR EWE» TROFRHE, BREWETENTSE, ERFEHY
r—> 0 r —» o RFHIBTHEAT R, PHERFHEMB ALY, AT ERFBEETHIER
1T, LARHRZEA GTO, BIBFWSIRE, dTEMHANKK, 2 FHRSHNEE M
Rk, Glin, B TROVFEESAL SRR E WNKRFRIEN. FrelBEEEH
GTO BEHNENA#E. ATHH GTO N ATE &R kL, AAEEH GTO Mk
HEVERREBI L, ZFEATRNRIYE Gauss 4., —FREHNTERH A GTO
A GBI — STO, A STO-KG #E4A, 4 STO-3G %, H—4 STO-KG %
K/ GTO #1778, FEWHED GTO B4 E HRkEL, HEEHEHMSTH
SHIBE CGRERE STO BBWHET) WAFE., th STO-KG E4HFiF— LR FriE

“HERHE”, HPEITABRNER —1 STOKG BiEMENMMEHNERAFE D STO-KG
B, VEXFrefE, REAFWAEESS Fi, BFHABIETEAD, Wi EHE
AUWB K W 4-31G, BERA— STO-4G i&if W EHIE T A~ STO-3G f1—4 STO-1G

BEMESNE. EEH - ESHEHARENS SFREOMA Gauss H, BISNPLERBA
STO-KGBif, NEFERB AN KE (A TEBEERER), SFEERE /P K E,
145 Gauss ZEHMKALE, SREFEREGH. T GTO MBRSBAEHES), Frilin

GTO RIEERBWIBAFE. 75, AfIGCRBREBELEHE TRSEECEANES, W
LanL2MB, Lanl2DZ &%,

.LL

19



b BUF BUAERASL wRe

FOE HORERR—B2HHE

4.1 PFERMBRSES

N L T AR TR ARG ERT LUEE TEMHIERS RS sRi g
ETHE A, BFHOTREELy, NRBERA.

I=evn (4.1)
Lan B
S M D

Bl oTeasEE

FE B AR — A 1 R M B R . BT S AU D
HEHTHEBEMFO TR, #9THEMEREY . BTHEE T o B FAROEE
REHD, WEARRT . MR RO RS T W5 &, BPEhz
. BBl

v, = 2K {4.2)
m
o B, T TR 2 B R R o
V
s 43)
T B RS N
1
7(Ey= 1+exp[(E~E, )/ k,T] “9
B (4.3). (4.4) AATTLIBEESRY §, FRArNEFHE N
AN = () pydk = FOER))—— d*k 4.5)

27y’
Gy AR RN k BT RO A
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2T 8 SENE RRERNR—RRY

d°k
& 4.6
J(E ())(2 y (4.6)

ZRIETHRET/LE, B (4.1). (42). (46) THFISFHBEREEN.
2d lc
@y

KPBFSEST LM 2 HAKSIN, TG, BRBEE R & BT ESTH R

i= Iev dn= 4.7)

SFRIEA IREJLE, BIEREJLE. (- fEQRPRBEEN EGR)NRSHE L
Fan, HNERENRTARMISEARS. ATHETE 2 B RNBFEH S
ADMRR, XEHEDBISH,, FrelE S B D MAEEREENN:

Isp =is—Ip (4.8)
Hep:
= fe BN - S ERTCE, (22“' )" 49)
£ i fol B~ £LEGOTK,)| ﬂ (4.10)
i
Js(EGR) = L+exp[(E(k)—eV ~ E,)/k,T] @10
1
7o (ER) = 1+exp[(E(k)- E, )/ k,T] (“.12)
ek £ () B

272

E(k)—h Y ok 4.13
= (4.13)

z

HT(k) REBT &, Bl
T(k,)=T(k) (4.14)

(49 — (4.14) RN (4.8) AFA BT W INRE G Bl 2 T ks
R ERTLRR:
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MR 3 SENE B RNA LY

~E,
gl

_emk, T

z Ef
oy = PyrE ) — In{l + exp( .

" E rte
| dE. [In(1 +exp(

J T NIT (k,)

(4.15)
HARD TFRE, +eV hERFWERGER, LREWRSWRA dk dk, =k, dk 46§24

. BEKRBHERTRTUBBEBRA: I=4i,, HY 4= AFBEATH,
r NERSTEAN 8 BT KSR ERRIE T E R LR,
FA (415 XATUH LB TERAWTETRH:

o Ol
8y,

(4.16)

T}

4.2 BEESTHRAERNFZ

8 41 WHARBES TR THREILRITGRY, ITHETER)| BORBRME
BB RREER™ ™, EEBRP, BBEFEXHN

T=U+UG’T =U +UGU (4.17)

LR P GG EEHELY,
G’(z)=(z-H,)”

G(z)=(z—H)" (4.18)

MBAAERTIE STV 0 FREH BB T D RS, WBETERLR
RN

T, = {75y = (Ul + {ruGuli (4.19)

ATHET,, BIWHRERWE 1 Frata FEIEAANS, ZERIMSEN
B RRHA,

H=H,+U=H, +HY +HP +U (4.20)

R H HY  HY ¥ BA S FE T REEHNG T E,
HS = ZE:’|1')(£|
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MEFETRX SBINE AR —ERT

Z ES| )| (4.21)
=Y Ella)el
WU R M SCLE M DYMEERE
U= V,|iXa|+D V| B)j|+ce (4.22)
ia 78

IR, V (V,) REEFTHEa(p) MEFRFEE(G)NHBEEREEL.

ERRRRIEUT, SRTHSHEESLE.
AR (422) RERBRRBZHIHIRENX, HTHEBFAES TFREISTRE, AT
EFAE AR . EERET, HEEHENEA

U =22 Viadia Nk + 2 2.V g a k)] + e

n W]

7 I
=Z; iex ka[r)(k|+Z;Vﬁd&|k)(j|+c.c. (4.23)

BB, TR AREIF, KFk=1,2 N (BATH—HER N HATH
RO R AE TR | RN R TRERAAS, (d,) A (d, ) RRIFRYE. 7t

THRAEBLE, BRI TMEFEHENEEABNED S FRERAOER™, WHE
(4.23) d[faE4LA

U= Y, [0+ D Y| VY| +ce (4.24)
J 7
XE
I/H = ZVr'ad;a
Y= Vadg, (4.25)
B

WEEER BAE (4.24) 5IA (419 R,
Ty =(I‘l{;‘{“]ixllﬂr;YjHiNXjHC.c.)lI)+
(z'|<Z Y, |1+ Z Y o | M|+ cc)G (2 Y, 1]+ ; Y | NY(7|+ el

(4.26)
% RIAFETHEREEENBE, LRPRE Y, NNDG YD) H

j=l'Bi=l HARETF 0, NTIRLRITRBRT
Ty =Y Gy (4.27)
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MR X BUE BRAROA—ZHHE

f_tl::l Gm

I
z-—-H|I>

% |0) AR EWE AR, Hlvy=glv), WHE (428) WHE—BRRHA

Gy, ={N| (4.28)

Gy = (N —=]oXel1)

¥ Z—
=Z<N|U><DII) Ezg;}! (4.29)
U Z2—£, o
P lli)i“|1> (4.30)

R FTERT z B—NETR, z=F +il, , E,RINFETFHRER, ST
RO NEER, SEULEB TR DWENEFRIEE GRITERREBRESSHER), 1
HNEEF R

M (429 AH N, REIFUEF|)ES FRERFN 1 N EFEREH, Z&4

MEFHIBEANER, IESEREN T FHERREORBEAITRNE. ik, &
TNEBHRE (429 A

Gy =2.80, (4.31)
n

X, |n)R—HRREGEENKER, H |p)=c|n). SEREEERASRE

THRENE L FAHR, BV FLATRETARNDE. B TR F5E&REE KR
MR, ZHRARATURFMEREES. RINFERHME., AEFRAG 3D
KRB HE (429, BRRIETEROERNE, NENB—MHREBEHEHAST FLIRK
—EZFPERL A T RE

BRI PERE TR R AT R A

T = KSYDNZ (’?U)(NI’?) (4.32)

Z2—&,

£ EANFRIB S 0 RNBFEEBHRINT . DERNBRARBHEZ BHTH
B, RIEILRAHA
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B - A 1 3T HAE WO RPK—EHHE

VAV ol ) e

¢ = ) = 4.33
7] ;IT(E, ), ; (o -E )l (4.33)
Q%A%%?%%E,a=zz.

£ LT REKIE LR X TR ER B RE —A 4 FrE R, Btk iE i
BIEFARBREHATES THRN D TR EAEN D TE—ES FEE TRBR
MR TELZE, BToTZAENEEERSEMEKTEILER, NTEW\sFRAR
—RZ55tE, HdFREXN LRERHATEIE.
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b X BRI UHESESHERTR

EHEE HEIESERITE

51 HEHE

MR, BATREERRAER EHETRANERE™™. 2TFREMamEHE
FHAERAERLE XHRE™™, FEL- MG TFAEETEHFO_RE. =k
ERMRRRE, 2 FPLAAEREERN ST EBBINHRT. SERRLERNS
FHRAERNET— 7 B TRBEENEAH 5 E#s), HtShs FREMEES
Ho MeAh, AELH TR, STFNA¥RHMTERERLT™, HaFhs
RETRALFER. LRERRA, USI—E R FRIRRN S F B4R R A EA,
BETLRERTAESEN AMRETFREEETRASME, HZES FRTLL
WERETEBRE. £4FTEP, BIERE L 42 BRI THERTEEERS
THAMAN S, NER LR T ZSFHBEEER, X5DENERBIT TR, &
XRAEEZENTEN EZD TEERMERERRESTFHESHLL R AT R
MERLIEH. BTEMENTLRT #ANTE, FESRHRBEHASIRNR
HEFIHHREABNERENOER L, #—PiHe T &S FHEFHRERE™, £T
R EIEEEHUT ISR,

(1) MILAHRST 1, ¢-EHRBNEH.

(2) LEPNEER ENERT, SRR FRAENI S TFHHR, fHEE—
&2 MR AN B RS H A EEH 0.2880m, RNEESREFRBNLOEH, BOT
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