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EF—A5h, BRI EHEAFAHN R EHEOERT R, FEHEXHTHERE
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‘\b = ZnAuq)n + Z ma ‘me(E)- (21)

Hih 4,7 B, ERHARY, ¢. M 9,(E) BFERARNBEFREER, 0m(E) REFR
REESFEZR, HE XA
0 |r| > r'o}

PmCEs D) = Yo, 90 el < (2.2)
AR S AT T BRI, ro RETHRILR, Yin(0, ) REIMEE, RCE, r])
R FAIA

&R, /dr* + %%&— 4+ [E —V(r) — (I + 1)/IR, = 0, (2.3)

V(r) BERANSY. o. BERIMUBIFER, SRR TLURE BRAR 03955 4 e 28 B
IR RAITE . & XEFEF RS, B
@a(r) =10, |r| < 7o, (2.4)
REZXERTRE ERACESYN, AfAABeEES S AR 210 R £
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RE_ERER SR, HER TRREWENY, Ey BRFIZESMER. Schlosser iEBA T ¥
RB A — RN TR (2.5) TR e B2 X R, M AT LU BRI SR E X R
ELRN SRR, NiZED,BRGRE (2.3) DREESERE ER, BRAKNRITERA
SN REENERY. BELHROTREIRE, itl—4 ZAER E XBRAKFEQ3),
REBIS LS T ERBESEORR Ey, BIE Ey, RA (2.3) RBP4, BAKIHERH
AR Ev,, —HAREFATEBBRANL, TERITRIRSXFHTRE TR BN
2. FRTHEPOEERM
BAMEZ B H (2.1) RABIRERRK (1.5) hEGEH
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AT X ERETED, LATRELARORERER. AR, AHE-TMRHEE
e, RfE—ERLH, FZ ZTUFEMUX KL, BT AEAERNLERLAS
H LR A0S AR AR AL TR I BRE %
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2 /2 2 /g,
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U RIEZKRLE Ey = E, YRIEE

> 4. (9,000 — o0 =0, (2.6)
KRRAR TSR RS, LEREHALIEAERIET KA T EOER -4
RERIFERBEEMEERAE LPFEER. FHE W, URRIMIZZLFRIRN
BRECHE TR the] B g2 1) SR BRI BRI ER AU SR IR, P 5 E Sk st R — R R E S R i
—H.
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AT RS R AR SGIERMEEX— 1M REANESGEE E(aV)

E(AV) = LV (p*quda-/LV b*dr, (2.7)
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Ho AV RRASREOER, R o ZRHLHBTREEN, HEHEEEEHE He =
E¢p, fRALEXEE

E(AV) =E, (2.8)
BEERY (2.6) RARREK (2.5) d, BRERSWEMKAT, RIMELSXFFHEE
BEtS T FRE.HREN (2.8), XHERIIEATLIEAX 385 58 BRERIML B A 3
&5 .FANAEm bR EESH (2.6).
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BER/IMIE—RAERBE CHNNTFSTIRAEE, EiFREEB+40EHR, Schloser”
EFES RS AROEM FRB T ARE2 s, BIE/DBRPA R AR IT I M 2
AR R AR ELZA B, X ER AL T AR E 4T EL APW JFikE I,
EB R HERKIPR N B R AT RE RN RSN R T eSS0 ERN, Fitixs®
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MREERGREMNNEKEELES. WM HTEARBEAR TSRS, B8 AEIEH
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P B8 R 8 7 2R TR R Bk P Sy M R T L IR R IR 5 45 Bk

O.m nt =

K,~K,
(38
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W, Wit
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AFHEHE L EASRENERRBREEEEN , EAEMRE BT ITAFRR
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EERINE B ARBREORET S, RBES OPW HEMEHITHESYR, SRR
Fil Slater 3 {UUAES BIBTFHUSE R, W R ERE EHT Herman 1 Skillman E8HET
BERBREF R, HEROBREMIITA BOETRSEEFHE. BRBhE
St PR — S B S BRI T3, E R I R S A i B R P28 4 G B B R B
RBIEE, RAGE. Mo, EEETEEN A5, iR R LR 2/r, Tk
RERPEHTRFROBEEFBER, MINERER 2/ B, TOHZELERN K
BE.
Strand %E&ﬂﬁ%m%ﬂaTuﬁ!ﬁﬁ@&%ﬁM%Tm,f&fﬁﬁ‘%ﬁbk
Z,(r)/Z = Z ‘a;exp(—;r) -~ r Z Pajexp(—2Air), (4.1)

i=1 =1
KB Z, BEREAE Z RERTFE, E&ﬁﬁii%, “ain "hi~ Py T Ay RBEIR TS
ZE. Srand RRAX—HGHHEMGEXREHE HEE, REAR/NRTHEREE
BECABHHENSE o F2, MIBSIFTEN Z, 9.t RS8R 75 4 R B
B EART), BRBMNLNES—BNIRET B5HEL, REHR/D, SRERREA,
XREEY Strand T HFTAZIBTORRE o = 0.07861, LB M, EW Sander
EHaHAY™, PRI SRR HE BB B DD RO BT B R BN . AR R N %R A
MEEHEE, EfAE FEERRRERITEN, X5#TRAOREE. Xk, RIIM
Strand AT S &, ERAMPTANE/N"’G HERREBEER Herman HHBE ¢ R

Ly MG B RE R AT 35 0
Z = —Vr = 28.57725¢707%% — (.57725¢™%5%

~— 35.19768re™" 1% — 24).72368 745177 (4.2)

HrZ BERBWE V AFETH . X~ EE Herman B FIFREN 0=0.000846,

BRNER L RFET ERETFH,LIERE. & 29, Z° A1 Z2* 5 5% R Herman JRF
1 EBRSHETF AR

r 4z 5z ZZ
0.00367 0.99144 0.98705 0.99077
0.02204 0.94641 0.92450 0.94517
0.04408 0.89294 0.85760 0.89275
0.07347 0.82778 0.78319 0.82818
0.10286 0.76982 0.72210 0.77012
0.15428 0.68267 0.63467 0.68317
0.21306 0.60274 0.55124 0.60271
0.28653 0.52452 0.46312 0.52335
0.40407 0.42947 0.35562 0.42938
0.52162 0.36066 0.28311 0.36131
0.72733 0.27955 0.20864 0.27898
0.96243 0.21905 0.16106 0.21919
1.25630 0.17369 0.11956 0.17278
1.72650 0.13516 0.07308 0.13429
2.31424 0.10311 0.03548 0.10470
3.25463 0.07143 0.00979 0.06808
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# . Strand R B BROFTREBOMITHE. AHEH, Srand HRGHIRE/D, TR
WA Herman $2 Z(=HEAFNA L, X—WZDHE Herman HPALIR EH
W AR RETCLN FE. X — @i B—IR S RETL 2fEEEE R, R ibHE XX
R &R AL RET KNEREE N SB AR
2. R FHAORFRYEEEHER
MERIIERE A EETFREMEXRGREES. EERTERA, KNIEBRIEES
EERATERA s AR ik R R R RS, X B Lewdin BT M4RRY D5 ik
EiHES, BT RE&RTFERANEEFK, ARBRIMNNAIRETEEISRFRI%M
WA LIRS R A
ZBM — 27 84724707%F + (0.7300] "7

— 0.57725¢™%:0%r

~— (35.184917 — 0.0651652)¢"-51%

~— (0.0651652 — 0.01276587 )"0+

— 29.72368 5 4% (4.3)
BOVER 2 PAHTRX—HGNERBRREBHOLE, Kby 29 R Z* 4512 (4.2) &
(4.3) REOTEE, Z¢ f Z B Kleiman 0 Phillips ] OPW J5EEEBRY s KF1 2 &
HWEAREEY, ZHEH, ENHFENEREEHFELEELRN, FIRESRFHLEE
D5, B F 3 20 MBARBRRERLEAR Mk mH 2" iR RiE S g,

MAERNIRERTURFERAOKZ 1. 7 APW F1 KKR G ERIRRINEHR—H

¥, B 2 28 BRUR B Al K RO BROE I B X — I (IR B 5K, B R AR 4R AR IR IR M B &4
XFERFERNER, TEEGHETFREDSGENORERN 2.222, BRMFE 2

2 HEREKBHILE

r A Zikm Zgy 238
0.005 27.6481 27.6525 27.572 27,566
0.0247 26.2832 26.3049 26.026 25,978
0.0451 24.9313 24,9710 24,590 24.458
0.0672 23.5594 23,6185 23.234 22,992
0.0907 22.2140 22,2938 22.018 21.642
0.1165 20,8692 20,9717 20.962 20,362
0.1572 19.0046 19.1430 18.756 18,656
0.2019 17.2664 17.4444 16.950 17.094
0.2725 15.0363 15.2769 15.104 15.076
0.3679 12.7379 . 13,0637 13.004 12,982
0.4966 10.4769 10.9192 11.054 11.098
0.6703 8.3519 8.9549 10.194 10.096
0.9048 6.4790 7.3078 6.716 6.472
1.221 4.9867 6.1408 6.828 6.772
1.649 3.8992 5.5433 6.424 6.408
2,014 3.3198 5.4373 5.984 5.976
2.460 2.7572 5.3365 5.434 5.430
3,004 2,1571 5.9117 4.796 4.796
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B5E M XN RO BB 0 R T He0 T4, K TR E M A B A R ER BRI AR 2
RA, Xt 18 APW Rl KKR J5 i AGERTh # B Bl L Sk sk, ER{INHE
BRI WFRTHRIDBG AT IR, ik el LUE % BN R B R AR — R
AT LERH RN HRHORBEBNOFRME T AREAEANRER, MR 2HES
AHLEMBRE - KT 1 DEABEHRERN, HURITHER r, = 1.1, SEEIEKX
R¥ER 2222 9%, HNEMBARNETEN 20%, AMBHRIERIHRIBERAK
B, XEEE MR T REOERAZIRAREREY 1/8, EEHTRFHHAREITH
TEHHE, MR X B NIRLLG , RN ELE RAKEY , MIIRIMNE M A0 IR
FrRIFROM Stk

I Koelling B4 HIAY, ERAEIRMIUT H 515 R A0 T A {372 7] SR R KT 4 A7
W EFERANIREY, [BE, YR MN , RELZBANIRGT N EARLE, J
TROERIVERZR, HHREPRI, WEEREROTAEE 07 DA, EmEFRMD
ro= 1.1 MERFRHE REA T AL BMLBET R, ALFIAI RO RIRE.

BINB GRS R R REH 3.8) ARHR .M k=0 NiE

V) = [ Vas(rar = [ Vau(rdrtar}.

FHREEY V(0) A —2.66453, X—~HEBARA, RITAAXEHTHRAERER
BARRNEI. AERIBERARG—R, BLZEBEEPEFHEM TRRIE
—MERET s MRTFEREROK EIrLET SEERMEANERT), BEHERY r,, U
V(0) ®[E 4

v(0) = %‘ {L V gs(r)ridr — L" Vm*(r)rzdr} = —2.1851, (4.4)
FI3IFFBTHREHONLANS V() B, ATETLE, BEFNFIET Kleiman %7 OPW

T EGBERE KL V ee R Coben FEEMH ML ANEE. BHEWY, V(L)
(577 280 4 A 2 R AR AR AT,

%r”)l“ V(kn) Vi (ks) Vi Cke) Ve(kn)
0 —2.1851 ~2.18 ~2.377
3 —0.2512 -0,157 —0.324 —0.21
8 0.0380 0.014 —-0.111 0.04
11 0.0675 0.030 —0.076 0.08
16 ' 0.0764 0.024 —0.057
27 0.0532 0.003 —0.048
40 0.0198 —0.008 ~0.045
64 —0.0134 —0.009 —0.038

3. FHBRFANMHANE XA ROER
Al —TROTTR  E R AR B R IT o, | RS0 7RO 7 B, NSRRI,
HEWHE s(0=0) 1 p(0 = 1) BHHATLLT, FHERKORF MR G.7) LRHE.
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Rk, BATEE ro= 1.1, HY »/ro=2.85599, ZEI'\X.L S AT ANTEENHRE
ko HHTE 4, XA LBHE 3.7) AWER, SR.0 X, L SEHLSRERERE
L3 T,

R4 PEERFAKE

T E K A B haoax
r 157 3.463156
X 126 3.061027
L 138 3.045683

BRBATRTT R EZHREROLER, BRIRABHE V). VE) VL) FEE
o1 B+ B, B LR AT X S BRI P E A R 35, MR AR P B R A F I 75K
RREZDBBOGHE.FBERANTH S b, LRIEFMXESHER IR, ZERRE
RIGUCSEL R,

RS EREERAECERE: 2@HA)

E Ey, Ey, ESby
r, -2.10 —2.309 —2.309 —2.316
r, -1,20 —1.066 —1.064 —0.931
T ~1.40 —1.420 —1.423 ~1.560
Iis —1.20 —1.207 —1.208 —1.348
X.(1) -1.93 —1.963 —1.964 —2.011
X.(2) -1.22 -1.30 —1.304 -1.383
X —-0.55 —0.565 —0.569
X, -1.60 -1.610 —1.611 —1.768
L(1) ~1.90 —1.908 —1.909 ~1.964
L,(2) -1.20 —-1.226 —-1.226 —1.184
Li(1) ~2.15 -2.126 —2.126 —2.113
Li(2) ~0.70 ~0.763 ~0.767
L, -1.05 —-1.142 —-1.146 —1.283
L —1.45 -1.513 —1.519 —1.701

h, WHEERMN

ERRT =R E REE R EZRERERE En. Ev. HABEES b,
FEWRERE Ev, £ 107 EET S Ev, TLAER, RAEZIH, BXRNESEH, B
MIBnENEHERER L BREEI AR KEN, M BRI RER SRR,

%25 PRE—FIFIHT Phillips FHEKR OPW HEITHNERY. B5HFE HXFI#
HERBROERREA LHRAN, EXRPNBNEERAINAEXIEE, RIESR6 b
FIH T LA EEREEENT RHERLRE, CRRESIEIR (7] 1 191.) Rk
®. AEHBH. RO FELRIL K. P. UER OPW SREF. AuSH SHHFANE
FERERR Tos—To B AR, MAEEAERR T—X, (ChR LR SHIRAE A AT R 2
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X; A, A PUREEH X BIR—EL.IALRERTE MN—AL) RIMERBIL K. P. 458
REELRE, L/ EREEGHRRIIN ERLRTF, SREABOLLE, &F
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ZONE-VARIATIONAL METHOD AND ITS APPLICATION IN
THE COMPUTATION OF ENERGY BAND

Xue Fang-shi
(Nanjing Solid State D.vice Institute)

Abstract

A zone-variational calculation method for the complex potential field is presented in this
paper. The numerical solution of differential equation is used to calculate the wave function
in the spherical symmetric zones, while the wave finction is expanded in remainder zones with
appropriate basis set, then, the total wave function and energy are obtained through variational
and iterative calculation. This method is applicabe to the many atom system, but this paper
mainly introduces the application of the computatior in band theory. The result of our calcu-
lation for Si energy band generally agrees with thoie of the existed experiments and theoretical
calculation. Finally, it is shown that compared to other computational methods in band theory,
this method is an effective and convenient one for computing the energy band in solids. Al-
though it is an ab initio computational method, yet its computation effort is much lower. In
addition to that, it is a versatile method and is convenient for self-consistent calculation.





