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/ '/xr.:nm 002 : XCH001_003

BRITOBITHERN —ERRENRRI 6 MHEXIERIELNEET VD BEMBIIIIESE.

YOE XCHO01 058 Ff7R.

EIMIIOE ST LN —BRXRRENRRF0 12 MEME REENES YD EERNIET . A
XCHO01_059 F7R.

Simple Cube Face Centered Cube T a, XCHOD1 059 XCHOOI_060 ®  Body Centered Cube
a_l
a. g ,L
/
a —
L 7
0 a a.
a

./ / = \
Wingner-Seitz XCHO01_058 o .

RINTIOE ST BERN —ERIRB ARSI 8 IS ELNET YO EEMKNE/\EIEX, 055
TIHIBY 6 MRIESEREENEE VY OEEIE/ \EARR/TE, PR 14 @ik, /\ TMERIE/N
¥, N ERIELDFE. 2B XCHO01 060 FTR.

REVISED TIME: 05-9-29 -5- CREATED BY XCH
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4. BRERENHE — MAIRBS

NTBRER, TR ANIKR, : R =la +a, +1,a,

Lattice vector for two dimensions
» L ] L ]

O a xcuoot 045 (O a, XCHO01_045 02

0B XCHO01_045 FIR@ —#SI8R3 A BMiI%: R =24, +3a,

[ XCHO001_045_02 PIRMI=4483, ARIHNIL: R =3a +a,+a,
NTERSBE: F—RF ABIKR, . 2E XCHO01_008 BT

R =7 +la +La, +La,, a=1,2,3.. ...

B 7, REBPSHNENRST 2888,

PIeg: T ERIG&ES, BINIOUE (Refric) BIR
S B®IE: la +a,+1a,

SRS (Aeire) BOUE: 7+a, +L,a,+La,, &
th7 BBXVEL 1/4 1B XCH001_008

RIMB L a, +1,a, + La, ®Rn—"P=ERs, —48la, +1,a, +La, BEETUBBIE ISR,
* MARISS: Bla, +La, +La, BERNTERS;
* SBEYUBSIEREMAIKES (Lattice) I8 —MEm LN E—4AHRS (Basis £1) LAY,

* & XCH001_040~XCH_001_41 FIAHIREITRE 2 MRS, MAIST R -EMNDB TN, &SH
BT

REVISED TIME: 05-9-29 -6- CREATED BY XCH
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XCHO001_040 T Crystal L
o’ e
o o’ o°
... .0 .. ..
. - - . - . . - - - . .. ..t .I .. ™
. +- . . . . . . - . - . .. ... ....t ..
- - - - - - - - - - . . .I . .. ..
.. .l... .ll .. ..
o’ 0" o’ o° o°
e’ o’ o’ o°
" o’ o°
; ha e’ o°
Basis + Lattice=Crystal XCHO01_041 P

* & XCHO001_042 IR EITTRE 1 MRS, MBI R=ENDOBIHN, SIEBVEMK.

* B XCHO001_043 NETTRZ MRS, —#HMAIRIE S BROE 3 I SIEBVEAL.

XCHO01_043

XCHO01_042

REVISED TIME: 05-9-29 -7- CREATED BY XCH
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§1.3 80 SENEN]RE

ARSI —— IERREENRRE R — 8

XCHO01_045 01
-

(100)

(140)
(@) a XCHO01_045 02 /Z

* SBENGO: MBS PIE—RETHES, XL TELTURMENRREETTE, X
W TEERNSENGES. £—TFEE, BABIZaNnEEE. 8—EKBINEN T —1H
@), NGB 2WE XCH_001_045_01~02 7o

* SO RER&/) HSBESE LT, BRRERMBEINA L,

BME-RINRR O, a,,a,,a; NRMPB="5%K. 20E XCH_001_045 Ffi7r.

568 ﬁﬂ%ﬁﬂ'ﬂ—/l\ﬂ'ﬂ A B'g'fﬁ% : l](_j] + lzaz + 1353 T 115 125 13 %%&@o
Lattice vector for two dimensions
—— RO [ 1L] & 2

XCH 001 045 02 & OA SINBEEE[311]

XCH_001_045 1 OA @3B EHE[230]

—— WM, thEXMNROIEY, B —smngsl. O a xcHoo1_o4s

* BRI SIEHROING

XCHO001_017 Facet [100] 4 Bon L()IO]
i [111]
(T00] [100]
0} A - I
[110] 2
y 100 B [010] [001] XCH001 018

REVISED TIME: 05-9-29 -1- CREATED BY XCH
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TI/531 0A B @E[100], TI/50E 6 MPARENSEE : [100],[100],[010],[010],[001],[001] 40
XCH_001 018 Pfiro

BEBXALZ OB BI&%0[110], EXAL&SEOHRHE 127, WE XCH_001_019 F/m.

AL OC NBE[111], ANALBOHES 8, WE XCH_001_020 Ffix.

Jion} ooy Facet [111] | Ty
Facet [110] ™. ; [011] ; Aol []Tl].ﬂ' f"ﬂ[“l]
of T n] A (i) et -
ATty | b ¢
JERY b 1 [110]
110 S T
- , o N A o e S N |
70 [ | pon ity it
xemosiore 1N ¥ [011) a xcuum_uz::p o )

BFIIASBENIRMGE, ML 3BBARFW, IJURTA: <100>, <110>, <I111>

* SBEBVIRG

RENEE : EMAREST PE—RHTHVE, XEEEWT. SabiVEYURENER
BRITHR, XL T FERNSENEE.

A T 7 7 d 4 4 4
llﬂlﬂlrl 1'”'”'7/
’lllllll ’lllllll
AT 7T 1T 7 AT T 777
1Ilﬂllﬂlli lllﬂllﬂllil
/ FETFERS, / f ¥ 7

L A A 4 4
.z 7 7 y Yy yV U

XCHO0O01_042 01 XCHOO01_042 02

Y0E XCH_001_042_01~02 FIBIBEA—T18S, MANDNSEK.

BREBRANRR 0, REN=T58Xa,, 4,, a; NIRRE=TH (X=THA—EEELER).
B8P —ENBENET, FEFIE.

—RREVBES TERRMDER, B, £=TEXKHKEERINDBIEEZENACRE -
®a,a,,a; OKim_ EORRDANEBRRNEBEN A, hd, hd B&E L, h,h,, hEH2EH,
Q0B XCH_001 021 14~15 Bz

REVISED TIME: 05-9-29 -2- CREATED BY XCH
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— ?ﬁ%ﬁﬁﬁeﬁﬁﬁﬁwﬂmieﬂﬁﬁﬁﬂ%, Z—Z %
1 2 3

XCHO01_021_14 XCH001 021 15

N 4

—— [ERBEMSEEHEE X AR/ \E RS

—— Iy, hy, h, BEHRSEEK (hhh,) PRELCRROSENVEBERAKESNUED)
B (hh,h) IReX— T &ER. MMNBEEH.

USRNEX (8H) NSER, FIBEHNSIEBENSENTEEL, SEEBHNR V.

WIFIIH&R —— (100). (010), (110), (111), QWE XCH_001_046_01~06 P,

XCHOOI_046_01 XCHO0_046_02 XCHOO1_D46_03

Vi a |

(110) (111)

XCHO01_046_05 (001 ) XCHO01_046_06
XCHOO1_(46_04

IIH&sPS5(100). (110). (111) BFMBNEBEHOAIN: 31 6 ™A 47

(100)

{100} : (100), (010), (001) —— HIA XCH 001 021 12 FFiR

REVISED TIME: 05-9-29 -3- CREATED BY XCH



EEMES BRE F—~F EW4_200050406

XCHOO1_D21_12 XCHOoo1_021_13

AN o

XCHO01_021_11

AN
{110} : (110), (011), (101), (110), (011), (101) —— B XCH_ 001 021 11 Ff7x
{111} (111), A1 1), (111), 111) —— L0E XCH 001 045 13 Ff7R

—— TSERNSHEHNRBREXISENIINRBNIERN, ESEATXLEEZFNH.

REVISED TIME: 05-9-29 -4 - CREATED BY XCH
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§ 1.4 @RS
BT SRAEEHYE, —LYEESEEME, WAERH: V(E)=V(E+1a, +Lad, +1d,)

—— J0E XCH_001_024 Ffi7s, A#0 AR EAEEMEE, Lattice vector for two dimensions

—— BEERHMEUG,, a,, d, NEIRN=4FHAR K ////ﬂ;//
- Ero Ny
SINESS, IR =4FHIER R N EEH K. e

a, £
1. ERIHEN ‘

O a I,=4 [,=3 xcHooi_024

BREEREN=THHNEE:

- a. xa - a, xa - a, xa
by=2r———"—; b,=2r—""""—; b =21——"—
a,-a, xa, a,-a, xd,

—— BB, by, by NEXR, TJLUBE— MRS
BIBTEMERONIE: G,,, =mb +nb, +nb, —— EIBITRE, REWEXK,

) o
SSRGS EES T EEHE ai-b,:zﬂ@,{_o ((l’i jf)) i i=1.2.3

* HRS: SEREBUBEN—XRT, XERIFEZEGVMNBE M,
wy XTNEEAMERAERHEHETSN

N EERRE (1) = f(t+nT)

S t=1T, 7:0~1

gL f (1) = f(eT +nT) BERMUT ARE. BN 1 VFLIR

8 f(0) RIFNESMHRE: () =) F,e™" —— m NEH

1
BEHRH: F, = [dee”™" f(7)
0

REVISED TIME: 05-9-29 -1- CREATED BY XCH
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27 wt
Bo=—Hft=TEF: 1=—
T F 1S3 r

ot N mi(mt imot
Br=ZRAS(@) =2 Fe™ " —— [()=YFe

T

BB F, = [die ™ (1) —— mo R f(0) EEIHRT DOVEHME

0
NE——E8s: EX: T, IEBK: nT

MR ——ERgs: EX: o, AIBK: mo —— BRE: ol =2z

* BEESRBERERHEETRMNET
SBRREPE—mR: 225151 +5252 +f353 - qjéla nga 53 VRE

RV (X)=V(x+1a, +1,a, +1a,) GUBIERLS, S, S NRE, BN 1 (0F R

BERURE: V(6,606)= 25" = BB bbb OB

By sy s

1 1 1
%é& Vhl,hz,h3 = J.dé:l J-défz J-dé::seme(hlfl+h2§2+h3§3)V(§1’ 52’ 4‘23)
0 0 0

- a, xa, 7 a, Xa, a, Xd,

EBb3:27Z'_' = - b2:2ﬂ'T; 51:272-7*[]2:51514‘?2524‘@:3&3
a,-a, xa, a,-a, xa, a,-d, Xd,
1 = | - |- N 7i +hyéy+
BEE =——b X, & =——b, %, & =——b - XRAV(E,E,,E) = DV, ., mahahs)
27[ 272- 272- hl9h2’h3

= i (hyby+hyby+hyby )% - Gy e X
B3 V(x)= ZVhth’h}e’(“ )T () = z Vi€ "

By by by by by

\ 1 . Sy T
— REV, Idxe (IR )Ty (%) = ——— If e Ty ()

d,-a, xd, a, -, X d

—— ROE—TRIEPHT

REVISED TIME: 05-9-29 -2- CREATED BY XCH
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2. ARSTSIERTENXR

* ERSRIERSR T ESSREIEIR

-~ = 27) - .
Q*:bl'(b2><b3):( 3) (a,xay)-(a;xa,)x(a, xa,)
A—a,xa,
AxBxC=(4-C)B—(4-B)C — B—a,
C—>a,

(a,xa,)x(a, Xﬁz):[(53 Xal)'az)]al _[(53 ><‘—71)'51]@ =Qa,

_@ay

QZ

_ ()

Q* (a,xay)-a, = 0

XCHO001_047

a.
* EB30O—HRE(hhh)H0G,,, EX G,

RAa, 'Bj =270, Gh1h2h3 = h1[;1 + hzgz + h3l;3

Y0E XCH 001 047 Ff7To

?Eg%iﬁeﬂ . Ghlh2h3 * a = 0, Gh1h2h3 N C'_B> = 0
G, ,, SSEE (hhyh) E2.

*x G, NSBE (hh,hy) BELEHE, SEHEIMUE
RN (b, +hyb, + hiby)-X = 27/m

a.

0 a,
—— nBREEREZR—T—ARBEAP, NOo&EH. WE XCH_001_050 Fix.

o 27jn| \ 27 27
SEEIRRNESDS: d,=—— = —, @Ak d=r——"2 — =
By + h,b, + hib, Wb+ b, +hb| |G,

REVISED TIME: 05-9-29 -3- CREATED BY XCH
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3. ARTSEBHN/UTXR

XCHO001_048 XCHO001_049

OP=p

B XCH_001_048 Fim. [Rm O S|&@BEfk ABC 8944 ON, k% FEE—KROP=p, &
pd =2r ; d R&Bk ABC BB NTE8—HKBEEE—m L, U OP NZOONEH, £ P
¥, SH—THHRME. XTHBIMARKNSBOARERS, MERRNSBIMNERS

IS S BENEBT ERGNET: STEBINEENG, 4, d,; ERFNIFEa,a,, 6,4, 44

SEEXNNNREE, 1RE% a,q,, a,d,, a,a, WEBEDRING,, d,,d,. fEOP L aa, ®, & OP
2 . o 2 o 2

J:@HR_EQ OP = b3 ’ 1@ b3 = d_ﬂ-o [EM:iy XET%F a,da, @7 '/f%'\l:b] b1 = 7” 5 RTJH: asa, @'/f%ﬁ bz = d_ﬂ- o

3 1 2

A HN="KE b, b,, b, FEURBIESHEK, 20 XCH 001 049 FiRo
ERSRBEVAIRQ = d; - (a,a, sin ) = d,|d, x G,|

sz, b o2X 2axal o 2x 2aaxa] g 2m 2sla, xa)

d, 0 d, o d, Q

—— SRN—ERSEEANERITPHN—R, XEVMESBHGT LBRANRN

REVISED TIME: 05-9-29 -4 - CREATED BY XCH
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§1.5 SIEREVXIFRILE

SWEVIINE LRIMHBAETEOXFRIE, B XLEXVFRMEME e VIR MR _E1SCUATR.

—— NMBEEHIURTA—TZMKE:

—— BUBNED,

= Z%ﬂ Ey
B

TR T IIIRHRRIE : £, = 6,0, — —NBKE

FIL: D =g)E —— NEBHIUBSE—NEEIRE.

(o, f=x,y,2)

ENBNMEEIAD, WRBALIREEE N BMAEE T/ A EA,

g, 0 0

NEBRMABOTHR: [0 & 0

XT#TH ONpi) D8 E,: D,=¢,E,

0 0 ¢

NTEETH (FETABBNTE) OO8E, : D, =¢,E,

ERBTI "ASKNSORE, MEFONTFINR. MITHSFIEFERNZSOEIE,

RIVEERAMEHPIERERS, NANSBRMENANEXIIRE, SR SENEIXIRE ?

BB AREMNIREN RS DA S

E=HBR T, ERTH]ERRN:

Do 5
=ee

Y A

R ER TR LM,

x"=cos@-x'-sin@-y'

X X ay 4 4| X y"=sin@-x"+cosd- y'
y - y' a12 a22 a23 y P " n
z z' a; a; ap\z (" »")
—— %8R {a,}, i, j =1,2,3 RIEUEH. 7 P(x', y")
& X
—— 0B XCHO01 062 B, %%z MittomayIERX e S——
REVISED TIME: 05-9-29 CREATED BY XCH
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cosd —sind O
fE. | sin@ cos@ O
0 0 1

-1 0 0
—— DINVBERERREE: | 0 -1 0
0 0 -1

—— =M EBRANTERER, BETIRET +1;
—— TRATEFEMNPINE, BETIINETF -1,

— IR EE T ERTR MRGAE, M2 NDESH—TXITRRE, YHABXIRRIFRZS, EXY
MRS

1 YTS{RBIRIFRIRIE

XCHO01_026_1 C XCHO01_026_2 XCHO01_026_3
vl
i /
/ -".". #’F——___,..-—-':':"“ O
0 : -

3
"2

\>.

1)%£¢ﬁﬁmﬁm:%m , 75 9 DSIRRIBIE; L0M XCHO01 026 01 Fiike

2) Lo XENREMEMr, HE 6 TXIKMRIE; WE XCHO01_026_02 A7,

3) z%mmﬁmvﬁazﬁm%ﬁnz{,%, 75 8 PXIFRIRIE : 2B XCHO01 026 03 e

10 XCHO001_056
4) ERTHR|0 1 0 |BR—UFRRIE:
0 0
5) UL 24 PSITRHRIEN DI SSRIDR SIFRIR
fE —— IIOEBITIFRRIERTS 48 1 1R
(a) (b) (©

1CZ0E XCHO01_056 Ao

- O O

REVISED TIME: 05-9-29 -2- CREATED BY XCH
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2 IEPUEHABIXYFRIRIE

MUMNRSUFENEERNE NS L, BREOEARNTITMRIESSTEIIHRRIEZ P,
Y0E XCHO01_027 Ff7To

1) SR=DILOWED: «, H8 3 DURKRIE;

%) 4 4P ITTATIRA R 2?” 4{ | S 8 NTARRE

1 0 0 XCHO01_027 B
3) ERZHRI0 1 0|2 —DXFRBIE;
00 1 A
. . 7w 37 . o
4) Ge="PIIoBEER: 2 M EPINSOE, HE 6 ™XY \ | N
FRIBIE; DY
5) 426 ZXEXASMMFET 2, N EDINDE, 258 6 PR C

BIE;
R I [F PO EARBISYFRIBIE LB 24 1
3 IENEERXITRRIE

1) ZRPIVBLYED: %, 2%, 7, 4%, 5?7[ , HE S PXIRE(E; J0E XCHO01_028 B

XCHO001_028

2) ZXIRDPRESFESN T, T8 3 DXITRERE;

3) SABXVBECPINELFM 7, HB 3 DWIRRE;

1 00
4) ERZHRIO0 1 0 [HIR—PXIFRRE; e
0 01

5) DAL 12 PXYFRRIEND PINSORD B XVFRIRIE

WU E7EAEBIXVFRIRIERS 24 1

REVISED TIME: 05-9-29 -3- CREATED BY XCH
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4 XARR

NEVSH SIS — TMERBIARM, AX——JIZEEXITRMRE, MEmATEBEH “XiR
R XUIRRRE — TWIAREONRRLHE, DU HRF: — SR,

—4%%%§—¢%H%ﬂ%?,M&E%@KEW,WﬁH%%%nEWEH,H%m

—ﬁ%%%i—ﬁ%ﬁ%ﬂ%?ML$M§ﬁ%ﬁéﬁﬁ,M&H%%@W%%ﬁxﬁw,mﬁ%
YA n SRR — SORME, TR,

* TR
———nﬁﬂ<§ﬂﬁ?>m4§m,ﬁ%4;@@@%4§mﬁ—ﬁﬁm,ﬁhZ;

—— EXAL (7) N2E:W, Hh2; BNt 2 St - oEW, 12

—~—mw¢ﬁm<%§é§>m3§%,Hﬁz;@m@%s@ﬁ%—&ﬁm,ﬁb§;
XCHOO1 _UZ‘J Z

A’ Q:JT(—-—‘) A

* 1FPO@EE

—— IR 4 Bk - fORM, BAR 4 EH;

~—
—— ENMAR 2 SHE - B0, BRE 2 59 //// \\ ///g

—— RXIMLIRE 3 B, BAR 3 Ehiek: - SR, \l A"

* NIRE2, TRV : st r, BEDINE, 20/ XCH001 029 Fim. ASSEbn FE A
SEBRIDINESTFEGNTE M NBE, REIRE 2 BE— 1 XUFRE M. FILFRIRE 2 NE

&, Bm, or o &I
* SUFRIRIERE

—— — MR E BBXIFRIBIEARRL — T XUFRIRIEEE

5 BNESRIR

REVISED TIME: 05-9-29 -4 - CREATED BY XCH
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BER—A “TR” &S, G={EABCD..... X% “TR” KET—EN “FOLEN”, We T
SRR :

1) £86 G PERRTITRE “FiR” (DNEEANTTR, 8], B A, BeG N AB=C € G. U8
BV M

2) BHESAITTRE, BEAETHRARE: AE=A

3) FERTRA, BHEPETRA", B: AA'=E

4) JTTREW “FFERcE” HEBEEE: ABC)=(AB)C

* I B RE8E

1) PIBIESRHO BRINIES, UEBIRENTEEN, HRIESREEL

2) FTERYNES, UDENTEEN, ANEHEL

— MYEDBIIFRENESHE DRBNEN, HoEENRRESURIE.
PATER: NEhER(E

ERTRNYEITR: S0 BE, HPRENSGEM -0 BE; PIVSORBIPERIFDEPINSIE;

ST A 0 B 124E, 180T C R{E, 208 XCH_001_030 G
ZivaNes ’ 21/3 w5
T T3
AJRIE: % OAiEB%ﬁJJ%, S I TS .
I T .
BIRIF: 4 0CHIERT, THEHS f/

ERRIED S A0 08, T T SESEE TS, 18STF—NBIEC: 4 0S Eﬂﬂ%ﬁb%

ZmH: C=BA —Z8UHEAME

gLUERR: A(BC)=(A4AB)C —#RE6:

REVISED TIME: 05-9-29 -5- CREATED BY XCH
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6 IIOXIMRGBIENMEBRE

D, =Y ¢, E, . ey=6, —— a.fERBX, Y, ZHONE, BEX, Y, ZHHITTAN
B
=ANITFTHTSE. G0E XCHO01_037 iR

YVE
Q‘)TEJ"IZ Y

X /2 /
Z// XCHO001_037 Z)E§

BSSBIHEB Y WHG: E,=E, E,=E =0

XCHO01_037_01

DX XX Xy gXZ E.X

Da - Zgaﬂ Eﬁ ’ Dy = gyx gyy ‘9yz Ey
Vi

DZ gZX 8Zy SZZ EZ

gUSH: D, =¢,E, D, =¢,E, D =¢E
G SAFBIHEINEG Y Eﬁﬂ%ﬁﬂ%, D thEABR 80T, S0B XCHO01 037 FfiRe

zox, x>-z,y—>y: D' =D =¢ E, D'=D =¢ E, D' . =-D =-¢FE

ZFETHISKHE, Bi78BE, BRNXE—TXINEE, SKEMRIERBETER.

x? z

W&: D=D, 81D ,=D,, e E=c,E, D'.=D., —£,E=¢ E
B2 ¢, =¢,Me, =—¢, — TH: ¢,=¢,=0
EIREUISREBIIE Z 7510, SHARIEIHLE 2 i@%ﬁb%. 40/ XCHO01 037 01 i

gJUBE: ¢, =¢,.=0

REVISED TIME: 05-9-29 -6- CREATED BY XCH
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FiMD, =¢, E,, a=x,y,z 4 (111)
E
D, e. 0 O0)E,
2n/3
D =10 ¢, 0]|E T
DZ O O gzz Ez O X
BEEBm A EG[111]/5@), 20E XCH001_037_02 Fi7m. %//

XCH001_037 02

E -E.-E -LE
3

WE: D, -z, —F, D, =¢, Lg p-slp

IR R
27
é%%[lll]iﬂﬂ%'abT: ZHX, XDV, Yz

%E, D' =D =¢ lE, D' =D =¢ LE

y x XX§ z y yyﬁ

SHEFEIG, SR, SEREH—DEHRE: D'=D

BAIRRELM: D' =D, =¢,

ﬁﬁu gxx :8yy :gzz :80

& 00
EIPHRAEDP: €,5=60,, €,=|0 & 0| —— D=¢gkE
0 0 ¢

— P ENEBAEESU EEXIRRE, B, NI ENBERSE DRSIEMARMRIT. HINKT S
BHOCIAESEES T —UIEE _NKERINNENMR : WIBE, HEK..-F,

—— PREREOBIN—FPERGE
ay  4p dp

WBNFRMBIENINNER T A=|a, a, ay|, BBE: 4*=4"

a  dy Ay

REVISED TIME: 05-9-29 -7- CREATED BY XCH
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&y € &
MEBH: e=|¢&, & &y

€3 &3 &3

—— GARERT: e=ded”, £=Aed*, £,=Y a,a,6,
i

BN A RNIREIR: s=¢', £, = Zamaﬁjgij
ij

NFHE%%:ﬁWWW@WA%%Z%m%%

an 4y 4y
—— A=|a, ay ay|=

a; diy Ay

0 -1 0

A=[1 0 0, RAe, =Y a.a,
i

0

H—DEFECHXIIRRIE, REBE: ¢ =&,

XIT n KB ANMIEE, EAMTIUAL nhkEXRER: T,

ERRERT: T',

T
COS—
2

.
sin—
2

0

.
—sin—
2

Vs
CoS—
2

0

0

0
1

8 3

REVISED TIME: 05-9-29

CREATED BY XCH



EW#ES BE F—~F BEBHL_20050406

§1.6 mB

SBEPRTOFAMHIIEM S BE—EBZMNTRYE, NESFRBR S HEIIEREIZEIXIFRILE,
EVARMRE RS — e8RS,

ERSABIRLRTIIRE S (L6, + 1,4, +1,a,)
—— AHXRNMEGRETRE, BRERIRIES R,
* XIFRE

RRE—TNIMBEE T VE, VYEANSENSRIMUALa, +/,a, KA, 0B XCH001_031 A
Mo SLHIBVERXUIRRIE, BUBEN: 0 ;

B’ A’
B 8553 B —ZaWE— M8 ; . p
A SF0 B REFMey, LB B R8N eEEd : 6
A SEET A S —ZEDE— MBS 0 d.i

A [
BA: B A=ndAB —— n B 4 B
XCHOO01_031
ﬁz@(l—Zcos@) , 1-2cosf@=n
0 REeEE: —-1,0,1,2,3 —— MBRusIEE: 0=60°, 90°, 120°, 180°
1,2, 34,6

FORENEMXIFRMERBEEG LA T I FXIIRE 17338

PIRDK OB IE=/IF. IEAFAENSETUEFEA
BEAMEES AR,

—— MERBDENRETIE n DENREEFHRMESH
Bl, R0E XCHO01 032 PR

XCH001_032

REVISED TIME: 05-9-29 -1- CREATED BY XCH



EW#ES BE F—~F BEBHL_20050406

* mB

BL 10 FOXIFRR N EM B MBI FRIRIESE, —MRIRN R
BXIRRAGHEN, XITRHEIHE. XD B8R ARS RIS aRH,
BIt0: P2 Bz ANRAREER: 0=30", 45°, 60°, 90°
WRBHE—Dn EMINS2EGN_EFW, M—ERTn TEZEEN_SH,
0B XCHO01 033 iR, 2 D8 2402’;

ZR4 2 BVRRTNITN A, S5HE 2’ BNFETNTTN Bo ESUH{TIRIE AB, S2EENVM L —R N ORIRL,
2 FER 278 E.

t N
A 0 B INXIFRERIE : C = AB —thEXIFRIRIF,
C BURIENIR L2 NN4B56IY 20 R, /2 4;-1 =
&
H260=60", 90°, 120°, 180" X X
t N’
XCHO001_033

0=30°, 45°, 60°, 90° .

* 32 IR BE

IBICIUEBAED 10 FXUFRE RALAM 32 I RAM M. BISENEMIIRRE 32 MBI,

C,: RihigfE, REBE—1TnR, ZNREHIXIREE&ERE;

Q%2 C, . [ABS—EEMN=E: C,, C,, C,, C,, F41; Tr&Rne/ | Eherss;
WHEEHD, : 88— n &REWI n NEZNNN_SMWNRE: D,, Dy, D,, Dy, F47;
C 3t CENLEPINSE;

CoBt: CBNLERED;

C,B: C,BNLSn EWESNRED, 241

C,8: CEBINLSE n8WHRER, R4

REVISED TIME: 05-9-29 -2- CREATED BY XCH



EW#ES BE F—~F BEBHL_20050406

D, B: D,BNL+Sn SHESOTRD, L4

D, &: D, BNNL&EY n SBEEMR_SHAVYOENSRE, K271 Dy, Dy,

S, B RESkRERMONRE. HPS, =C, S,=C, $;=C;,,, RBS,, SsH27T

O,8: 1TTHma: 38 48 TR

7,8 I[EDUEAEREE: 35 24 TXUTRRIE;

OBt Y[OmEO, B 24 DNUEETNIRIE;

TE. T,BhBY 12 MR

T,2: TEHNLEPLE;

REVISED TIME: 05-9-29 -3- CREATED BY XCH



EW#ES BE F—~F BEBHL_20050406

§ 1.7 SBRBEIXIFRIL
—— B 32 MREEANSEXIRE, WNHRE 14 AR, DN 7T 1T8R

SBIRN=NE%G, b, ¢ BSEBIVRARMBEIED, E—RBERT, TIEERALRR. ©
NawemBa, B,y &x, B Z(a, b)=y; Z(b,¢)=a; Z(¢ a)=p.

ARAMRIIDHTAER -

SR B LR AR S R
=RBA a, #a, #a,, KBRS =4 C,, G,
BRER a,#a,%a;, a, La, a, |EBBH, EHBR G, C,, G,

BRIER, KINER
FR&R a #a,#a,, a La, La, D,, C,,, D,,
ERINIERR, BINEAR

a, =a, =a,,
ZABA = G, Gy, Dy, G, Dy,
a=pB=y#90" <120°

C4> C4h’ D4, C4v

U5 &R a=a,#a;, a=LF=y=90" | BLIYA, HINITH
Dy, S4s Dy

a=a,#a,, a,la, a,

Ce» Cap» Dg> G5,
Dy, Csp Dy,

>+
&
20
N
\|/
B

Za,a, =120°

BRI, WINIIS
IIH8R a, =da, =das, a=p=y=90" r, 1, T, O,O0,
BILNITH

REVISED TIME: 05-9-29 -1- CREATED BY XCH
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14 AR
1) BE=R —— WE XCH001_034_01
2) BHEEHN —— WE XCHO01 034 02

3) FRINER —— WE XCHO01_034 03

Simple Triclinic XCH001_034 01 Simple Monoclinic Centered Monoclinic

a——-

@
XCHOO1_034 02 XCHOO1 034 03
4) BRIER —— 2WE XCHO01_034_04
5) FRMIER —— Q& XCHO01_034_05
6) {RINER —— %0& XCHO001_034 06
7) BIWIER —— Y& XCHO01 034 07
Simple Orthorhombic Centered Orthorhombic Body Center Orthorhombic Face Center Orthorhombic
ra, > . =
L=
»
a;
a; - : ° L ] N [
XCHOD1 034 04 XCHO01_034_05 XCHOOI 034 06 XCHODI 034_07
8) =f —— WE XCHO01 034 08
9) MRS () —— %W0E XCHO01_034_09
10) AIWIES (PUF) —— RE XCHO01_034_10

REVISED TIME: 05-9-29 -2- CREATED BY XCH



EWmESR BE F—~F HBBE&_20050406

Trigonal

Simple Tetragonal Body Center Tetragonal

XCHO01_034_08 XCHO01_034 09 XCHO01_034_10

11) " —— WE XCHO01 034 11
12) &II/5 —— WE XCHO01_034_12
13) {RINIT/S —— WWE XCHO01_034 13

14) BINII/S —— WE XCHO01_034_14

Hexagonal XCHO01 034 11 Simple Cubic XCHO0L 03412 Bady Center Cubic XCH01 03413 Face Center Cubic XCHO01_034_14

XCHO01 034 15 Cubic
],Tri onal
Hexahonl @ Tetragonal A -

REVISED TIME: 05-9-29 -3- CREATED BY XCH



KEW4ERY _BE HXREF _F—~F EB£1%_20050406

§1.8 BIAXREN/ IS
BERRGEERE, B THARSEERENNSSD, #—SHRBAKREDOIML.

EETRSARENSONZH, XM Y MESERE L. S6E Z o0 EFRIEHREIR, Mt
XY VERNDRRTEFIAE. B Ml REESERBN=EFTHIE.

TUHERRHIIRIR S {1a,+L,a,} —— Hiba, and @, NEX, | and L, NEH,

XNFEUIIO&ERE, &£ (100) SO ERE LRSI EIENES, WE XCH001_052_01 F/RN;

£ (111) BB RO -LEMAMAS T2 BHES, WE XCHO01_052 02 A,

Facet 100 for Crystal with Face Center Cubic Facet 111 for Crystal with Face Center Cubic

Ll L] L L] Ll

L] L L] L]
- . al L] L L] L] a L] L]

. 90" t >

60"
L L] L]

L] L] a . L] a,

Ll L] L] L] = =

XCHO01_052_01 XCHO01_052_02

ESFARIEEWRHBRE. BI-ETERE=ETEFNN, XLEJURBEHEEEMT,
ARSI ZEEHRERT.

SEEE L YEEaE S gEm, BETMUB 4RSS EIRER.
B o —— - =27 (i=j=1,2)
RS 5 SRR S OERRE: 4,-b, =275, =
=0 (i#))
EVEETRENSNERG, B b =212 f 0y GG gpesaae
a,-a, xa, a,-a, xa,
“HEBIEE: G, —nb +mb, —— FEMERSNESIIN " EEIBI .

TUFHRGEB_ EEBERATURTNER R, B ERIET SARER
BEMRMRT VEREHRE: V(D)= DV, ™"

hl’hZ
SRR _ESBOURERD
BT S&SEMILE Z O ORA, —HSBOIXNIMRIE 6 1

REVISED TIME: 05-9-29 -1- CREATED BY XCH



KEW4ERY _BE HXREF _F—~F EB£1%_20050406

EETRANnEFEM: n=1,2,3,4,6— 57
EETRONEBREm—— 11

A 6 FOXIAREZ G LIARY 10 FO "EREBY, RRRBNERNEKRND, “HE8ITH 4 TM&ER, 57H
ANRAE S
4 SBBHNSATMAIE S

BAR WAE AR S
iya) a#b,y#90° e
KD a#b,y =90 BEKH

hINK TS
5 a=b,y=90° paEna]
PAY:=: a=b,y=120 B8N
SBIRKREME

T BURERBLSHNAARAERNA, SHERANGBATEREEANBENSHNENLES. SEERE
RRA=H#FAMSONEZRZBTER, JUREEERFHREE—— REBE.

A a, and a, RNBEABSXRAVTHVEER, SERAO_ESBEXN: a, and a,
XREERBIER BN —— REHHE.

a/la’ and a,/l a,
ARXRBBEEZ—: R(y,hy,hy),,—— 77 G XCHO01_053_01 B/
a, = pa, and a, = qa,

R —— &R, (hihhy) —— SKXREFENZIIE.
pIgn: Si(111),,, —— & (111) RBRIFHIOFHNERBNFESR 7 8.

XCHO01_053 01 XCHO001_053_02

2
On the surface a.
In the body In the body "
wm
> o A B
a, a; a,

Noa,/la; and a, !l a,

-0 s s
Za,,a, = /Za;,a,

HMAXEBLE = R(h,h,,h,) , Q0B XCHO001 052 02 ff7R.

BID: Ni(100) . —— Eb S HhERERHES.

)

AANHEGLIABAANBEEER, XENEBNRSRERITNMEER. RIVRNEX, BF
O HfREEBS475F (LEED, Low Energy Electron Diffraction) 3X1$Z&REBLNY LT,

REVISED TIME: 05-9-29 -2- CREATED BY XCH




BERESR BE FIE EBEE_20050406

EoE EFREE
- SIRGEEHIRT
w SIRGEHIEARR
w ERSENEANTRNSERMIRNNGD. YBIINSEREBURA
§2.1 BIMES
TCREARDSE [ RtHE B3R (Liv Na, K. Rb, Cs) 55 VIKHKHRITR (F. ClL Br, ) #f

BY) (W0 NaCl, CsCl, SFSIHWE XCH001_009_01 0 XCHO01_010 P7R) PrAMBISIAZEH
ANBES S, ESHEARIU CdS. ZnS FMIUBHERBE T B,

. e o XCHO001_010_01
= —t—1—1"®
; : ® Na
A .
GlF
XCHOO01_009_01

BL CsCl Pll, FERREEIRE, Cs RIKENBS, CIIREITBT, ERBITR. UBINGS
5, FABITHNBEINMEERRERITRONT, ERRENIRIMMNB T TESE;
Na = Ne, K = Ar, kb = Kr, Cs = Xe
F~ Cl” Br- I~

o BISARE: gRUEE. NBEIFER—TNIRRRE;

w BISBAENGEET): E. NBESTZBRECISIDEFRMEESER, 502 —TEiEEN, 87T
SBAAMEBRIE, MTBIHHNERENEI THRAETERBRIVEIRD. SHRTIAIRSITIE
5¥EN, EARENBI &K,

w — OB IFHRIBBEI NRIEBS;

w BIBENRUHRDRAER 8 (BIA CsCl &iF);

w BTBEIRURGEHRTEMSH T ENSBMEEE. Bre. BESHKAKUN;

REVISED TIME: 05-4-9 -1- CREATED BY XCH



BERESR BE FIE EBEE_20050406

w RZHBEISENTNHRERN, HrdINKE —RHERELE.
SHETEI(NaCl, KCl. AgBr. PbS. MgO) (@21 6)
SHEA(CsCl,  TIBr, TI) (A7 8)
BIECHOBRROELSEAR ZnS & (BAIE4)

2. B3I BRESHIMR

1) RARNENITE

z ' qZ(_l)n1+n2+n3

2.2 2.2 2.2
Arey(nyr” +nyr” +njr”)

TR, — N EBIHNVIIEDCR:

1/2

SERNENEBEST 2 BEE RS IECRAIESHREEZF. MU NaCl BENAI, r NEWMRIENE
1
2”1:”2,”3

——n,n, , BRIBENRS, B 12— EFECERNMTBEIHEE, —TBS0ECENE
BFAREE—

= NV AL 1 ' (_q)Z(_l)n1+n2+n3 \ =7
—TAEINTIESLE: > Are (P Y ——n,,n,, n, BRHAEERNE

ny, Ny, Ny

5, B 12— FECERNRITBIRE, — TBIHNECENEEIFREN—F

qZ(_l)n1+n2+n3
dre,(nir* +nir’ +nir’)

- N EEERIET, EEENEE: Y

ny, Ny, Ny

1/2

2 1\t tns 2

2, 2, o2
4rg,r (n; +n;, +n3) 4rg,r

ny, Ny, Ny

_1 Vl1+rl2+}’l3
—a= ) (=1) — ——a:DEREY, RLRRTSENSAE.

2. 2. 2
(ny +n; +n3)

ny, Ny, Ny

JIPENNSFSENSBEEN

SF&BIK NaCl CsCl ZnS

EHZP

Bt

Ux,

DR 1.748 1.763 1.638

5

BRANESRBIEEESEBNNHEREE: b " S ri

REVISED TIME: 05-4-9 -2- CREATED BY XCH
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£ NaCl BIRPR @ﬁ%%%%ﬁﬁ@%,ﬁﬁﬁ@m¥ﬁﬁﬁ%:6%

2

- BB NAER, RaEE: U= N2 +6l)- N4 5,
e, T ror

2) VENSENERNSBEE

RITEREGEEUG, RAETEROVEE.

WRDBEAMEHIINR S BRBNARS, HAENT, EAGKRINARERE, Mg W, FRW N
EEE. — W RS EUBEERAIINEE.

. d
RERMUEL, MIENETFAARERE, 8 - pdV =dU, p= _%
du
EREHT -~ =py 0

SERDASENIER, NSEERBZIE), SIHTURESE &N ERINEBHE.
%%%%%W%:U=NP§+§J

& XCHO002_001 A0 XCHO002_002 B[R 3 = BBMER DAL, FaIE, WSINSHRIE
EH0E, RTOMBEERBRER) —— FRBINERIRK.

A XCHO02Z_001 XCHO02_002
ftr) u

Force between two atoms Energy of crystal

REVISED TIME: 05-4-9 -3- CREATED BY XCH



BERESR BE FIE EBEE_20050406

\ dU A nB nB_—-
o SEISEA: %\d— =0, ——=+—5=0, 7 :(7)’7_1
r r=n 7"0 0

15 1
NaCl &I REILITD 818, %‘?H@{NRZJ = Z(Zro)3 =2r;

—— XITF NaCl REEREABT 2 B0 1, BV ERFT 2 ABBH -S> —: r,=a/2
w SPER NaCl SRR V, = 2Nr;

3) BHRIRERENSEHRE

dp dU d*U
a1 — ¥p=——"MRNEZR =
HhETEE: K K % p 77 RABHK =V de)
V

e d*U A B .
FEPATS T - K=(Vw)yo, WU =N[-=+—150V =2Nr’ A
r r

1 24 +1)B
g8 Kk =——(-24 ., 20 DB,
18, 1 7,

du A B :
AR 083 - S+ =0F0 A= -2
dr|,._, A 4re,

o ~1og’
- ATSIEE K :(”—)O‘f‘
4re, x18r,

—— HIBESRENENRBEHNGEERE, N ERNTUBEHRDPHSH .

SUEMBSE: W=-U®,)

A B A nB aq’

>|%U:N[——+—n]‘ _—2+ T =0f0A4=- AN
ror A dre,
Neog® 1
.- SANEEEE W= _(1-2)
4re,r, n

—— RIEAOSEHEN n, JUITELERE

REVISED TIME: 05-4-9 -4 - CREATED BY XCH



BERESR BE FIE EBEE_20050406

HNGEREMTRI I —1ES, ERAMBEIRN R,
TTRERRPE IV EITHE C(Z =6). Si. Ge. Sn (NBH)ZFBEK, BENGSE, AHENBK.
HNMRPAREILUS D THWEFTELNEM.

MRS AR B, ZBHRE TN, SB—18F, HIB—HRRE: ¢, and ¢,

h2
(_%V2 V)0, =€,0,
S EEF PREITRRETEE. eV Va RES AT

2

fi
(_2_V2 +Vp)pp = €50,
m
—— ERIBETE, BRHRXE, EREANE. KA TBIF AW TERTHAHEE.

hZ
BEERTNRTRE: H=-——V-
2m 2m

— Vo4V AV +V Ve + 1,
—— TR AN BREANRF, 1502 REH BT
SNTURRNBIHEETRHRE: Hy =Ey

A5 31874 (Molecular Orbital method MO method) & {4, RME[T)7,

—— BERABRMTBITZEEEIERAVL, FaENNREBE IO,

—— HR, BER BT 2RI w7, 5) =y, (Fy,(F)

W, (7), v, (F) DRIRED T PR TEB ST HIRRH.

v, (7), v, (F) —— DITHNERRE

h2
(_%Vl2 V0 Vv, =&y,
DA R EEEIS T : 5 —— BEBEIEMNHIE

(_%v§ Vo V)W, =63,

REVISED TIME: 05-4-9 -1- CREATED BY XCH



BERESR BE FIE EBEE_20050406

RARTENNRT AFBH: ¢ =¢,=¢,, JUERDINBERRE Y, (F), v, (F) RIRTNE

RE @, (7), p,(F)BNEMEES —— RITNBLNMES (Linear Combination of Atomic Orbitals
LCAO).

w,(7)=Clo,(F)+ 4p,(F)] —— EDUEFERFT A==%1, CREZ—HEH

=C + Bonding state
ssmemm: Vo Paton) e
v =C (p,—9;3) Antibonding state
H f
L v
D DI HIEZ IBBIREEZEAR -
Il// Hy dr

£ = =2C*(H,, - H,)

[v'y ar
—— H, = [pHpdr = [pHp,dF ~&,, H, = [ Hp,dr = [p,Hgp dF <0

H, <0XRTNBIoERIZEBNECIER, XEBMREHEEEN TR HRERZR S,

SRNRESHEENS S . MRS LIURTMTERBRNE S, BEARNEE TR, =
KEBHEERSIBVER. W& XCH002_003 /R,

Wave function for antibonding state

VTV

Energy for antibonding state

/\AM

Overlap of Wave function
XCH002_003

HINMRGSESEBM T ELRE: WAL aE

—
Energy
—_—
——

.......... — Enu -gy for bonding state I I

Wave .,":mr. tion for bondfng state

B —— URNBERASSHRITERMNBNHEE— T &xAE, 8T838 2 787,
DAKBE RS-

HNBRHRENNBS M, NBETTRURAZFE, IENBITEIUR NI, R

REVISED TIME: 05-4-9 -2- CREATED BY XCH



BERESR BE FIE EBEE_20050406

ROMEMENBIHE; SNBITREBUFHE, RIESFRE, HoBEIFVINEIREREXT,
RULREERBI RN R BN TNESTHE ;

IV R —VILEEBTTREKERNRBEES, RNBHERTS 8-NRI.
pEa —— RIREFENHOLEARNE, STHNRZEEHESEXED.

RIEHNRNEFIEL, HNBNBBERTERHNROM T EINEEERENEE, B]—
RIENBTREEMRA SO PR R,

—— BXTENGP CRITEMBRNE, BA “NERL” BICHTHER.

CRIh: 6 N8BS, 1s°, 250 2p° TEXIPIER FRE 2 MBI BAEN, MAESNGDENC
R3F0 4 MEBHICRI AN,

EENIE PHANRIETRE N 2s A0 2p B EAMBIFHIEB SIASEMLDY :

1 Carbonl @-.......
l//h] = E((ﬁzs + (osz + ¢2py + ¢2pz) ar_._(.}n'.‘- N e E

1

Y, :E(gozs 0,5, _(szy _¢2p;)
1

Y, _E((pzs ~ P, +¢2py _gDZpZ)

1
5(¢2s - ¢2Px - ¢2p}, + (DZpZ )

AUNBENRRECTINSE S O RIEPENEERE 4T o
MAm@Lt, 41 2s 40 2p BIERUNARECXIY, TFLUE sl A0
PUEAATE DB _ETEAL 4 DN B,

AR IEH%RMA: 10928' —— I XCHO01_008_01 FfR.

REVISED TIME: 05-4-9 -3- CREATED BY XCH



BERESR BE FIE EBEE_20050406

§23 TEMSES
FBlk. FENETRAIETRES2HUNEERIE, gfébgyjﬁigﬁh:“”“
PIIRIEBST KA 121D ERSBARNEGNRS |+ -

NRINEBINABRIHE, BtEEEHEESR
RN, KETRINE () BFHRITXK “NR” 68
MEBSARD “BF=” P, WE XCHO002_004 HfT.

XiBER N, BINRITEZEFEECER, iR 7ﬁ@fkﬁ55g;@£fWgéﬁ
WN\BI=EENS, ECHEOEREERT, RN @Smfﬂmmm@
RFERERENIER. S

*» TEBAREEN: TBERIFTINBI =2 aNBBRED ], NRRSWEERKNEKR, RE
KHEVREZ, XERERIN, TERRETE. BEAZHEEEBENIILSH, BITIHEBIREIS
MR, BIEUIN 12,

& TIHOZIR (Cu, Ag. Au. A (BINILLOSH) (BAIEN 12)

& NAZBI(Be. Mg, Zn, Cd)

* RIWTTHSILLi. Na. K. Rb. Cs. Mo, W) (B4 8)

* BENSBAY, SEELAEMPSABR L, TETENSSER A,

SRR ERIKEECIER N —ENHE R DM4ER .

HRRBM N E

—— BIRRBV), BITHEEIBK, BIFBIREERIEN

—— HRITMEEEBLE—TENHBEN, BINNBSSTorETENES, RBTERIVERIER.

TEMESENRIVADRBREARNER, XEEEDENRTHAINANEN, BEEFEXSN
Pl

REVISED TIME: 05-4-9 -1- CREATED BY XCH
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§24 BR/REOEHEE

TTREIARDPSE VIR (1B1E) TREMR TEEHN&ER, BRINIFRMED S &1E. VA
e, HNINBXIPD I &,

BUTRRINENBIT N 8 1, BRIRFRIRE

XCHO002_005

HASH, BEE—BRNBTFE. ABPINARES

MmERFEMERENBRE, IMEFERECRS

B RNARE, FERMED S SER B SEX RN ER : .
ENEERMESEH, XS5 NREME3M. 1873

FORELEHT (Van der Waals) IR SRR =AD 5 u

B, MPDPMEDFEEESE “N3 /07 SBEtHH=

BIEEXNOERR, DEERNBRESRE o—o ¢ “
NDRD ST NE—FP, WE XCH002_005 Ff7e +q p -q +q -q

B TTRREBIRIR, SENHIREBLUEREERIT, P Ne. Ar, Kr. Xe BVBAEREI
TIH%EM. BIIRBENSESIA, BRIFR, 23009 24K, 84K, 117K 0 161K,

M MNEMRS 2 BB EER AL

M MEEEN r RS, BREIB/NIRDM, BAEXE BN ESBBIRE,

WES | RN SERIE: 5, P LRSS M%,%%zﬁﬁﬁﬂ%%W%T%@E
EREIRIE P, : p,=aE, a NESHRILE,

2
PSRRI 2 BaaEReE: AE=202  ap=L

r r

BEERRES p B ARIEL, XENEBHNMHEANT. XIPIREEEIEN MERR, MRS
IBHMEEERIRSS.

%ﬁ%ﬁﬁﬁﬁﬁﬁﬁ%%@%ﬁﬁ%%%@ﬁﬁ%%%@M%ﬁ%:mw=—;+fé

B mBgRERRE, ATBNERSY, BEIN.

r

Hop

SINFTNSE: ¢ and o, 40’ =4, 4sc” =B

REVISED TIME: 05-4-9 -1- CREATED BY XCH
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u(r) =4e[(Z)? = (2)] —— 48 — 187 (Lennard-Jones) 2
r r

SR (N RS ) BEBE U(r>=§N(4s)[Au<%)” -4 (SR GRS ()
EEE).

IRIEBERMNR/NETURERBEH. SEEVTERE.

REVISED TIME: 05-4-9 -2- CREATED BY XCH



CKEWMER FE FIE EBBERILS_20050406

§2.5 TRIN SN RERSSHMEN

—MBAEXTNERSEHNERTRIREBITENNRSE. RIVNBERREFRIFGRTS
KeBIF R InEE.

Mulliken [R3PABMEN . FHM:=0.18(H i+ = AIRE) (eV)
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SBEB N TREN m BRI HM. ZEEn NRF
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1EN ‘
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RANGERE: H=-D p/+52.0/0] —— HETRR
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D 20,
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TT
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-
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0
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1 3N 1 3N
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[Z%(—hz aag? +20;00W(Q1 0, 0503 ) =EW(Q,, Qs 0505y
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A NEELH: %[—hz F 02 0210(0,) = £0(0) —— ERFHE

1
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2
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3N 3N 1
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[EXRFEE

—#RITHE, STRIEEEEANME m, FENRITEHE —— SBEH

90/ XCHO03_001_01 7o n2  n-l n+l  n+2

90— 00—

w [RSZBBERT]

BFRENSRIBA T COVEUE, 4RFE0
PRIBFPHUBOGL, Fn0 PRSAOLa+1 > OO . 0
[RTEEMEINIRS : 44, — 1,0 o p 4 B oF &8 &g

XC'IEOO;__OUI_:_UI l:un-f: :(a‘-l-,tl,,:.;_},{”) :
REFENEN, MMNRTENEIFEEER v(a)

—— FHEEXNIR O = u,,, — u, BEEIFRBEEZM v(a +0)

1 d*v

E(W)a O% + High items

Rv(a+o) L FENENNTRET, 52 v(a+d)=v(a)+ (%)a o+
—— E—Mv(a) NEH

=@ (%)ﬁs%é P LT

—— BafR/), BIRMEMSEE, BERINPTRREBE M.
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d*v P
B=—3), —— MENEH

e
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w [RIBNSNHIE
WRRZEBABRRTHEEA, WEn NRIFZENRERT:

B —1,) = B, — ) = B + 1, —241,)

2

— d
% n ﬁﬁ%eﬁ@ﬂﬁ%& m dt";" = ﬂ(#nH +ﬂn—l _zlun )9 (n = 1) 29 3,N)

NFE—NEF, HE—MEMUERNEAHE, BHSROMERRES S8
- 3B RNRAREAER
WHRANRR—IREN A, BTENONBEERNDL: 4, = 4@

—— qna THE 0 MRF IO

X 1, = ATy = g gy = AN (R BELE R

2
mdﬂ
dr?

n

= ﬂ(/unH + ll'ln—l _2/1”)
5!%%935@3—, '?%‘EU —I’}’la)2 = ﬂ(eiaq +e*iaq _2)

MEBMAIARGEE: o’ z%[l—cosaq], ’ =%sin2(%)

%ﬁ%ﬁ%nzg—%ﬁﬁ&l%ﬁﬁo
0 ~ g XRRE—HBHASEPBRNLHEER —— RIRiL.
- %‘;ﬁ ,U,,, — Aei(a}t—naq) E]'ﬂ%lf)‘(

(w272

ESNPUR: Ade 4= fe' )
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%7\§ /J :Aei(wt—naq)
. n

—— SEPERAESNTIUREBTEXUEER. —TREERNNERER T BRMIRERN o 89
Yemho ERIEILIT, BREEEFERN, 0B XCH003_001_02 A/,

—— BP0 LBEEAARERI0 X OGRS, @ FSSKRRRSIE X MO ZAiknl. si5k89
KEARRRI BT FEMUEMBE RN,

XCHO003_001_02

%ﬁ%ﬁ&:lz%;

27 _

BREVKRK: g = 7

—— ARBBEREESONSIXE

%ﬁ%ﬁ%ﬁ:nzg

NARFBMIBZ: n'aq—naq = (n'-n)aq
EEANRTBONAERSTZE: (n+1)ag —naq = aq
- EROR R EMEFIRERX

BMRIFAMBE: ag = 27 +aq ¥, IBRIBIRINDLBETNZE.

_r_ 7
da 2a

Y0E XCHO03_002 Aizw, #8551 (A@inm) BURK: g,

M%ﬁ%mmM%;a%zg

_ 2 Sw
X TR ) : = =—
B 2 (RBIRm) BURK: q, 4a 2a
5
. 4a -
MRS BNIABE: aq, =27 +5 XCHO03 002

—— WIPRXT, BEEANRIRMNETEEE.
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BEREE: —r<ag<n, - L<q<l —— m HBRX,

a a
—— QBFARBERE—MENXNBBOAMAMTI U, HE XN FIIRES.
- IR — K] (Born-Karman) EHAMINFRFA

DULEENTHE R — 4B RIBEEEL
PRERANER), XHFMBRIIIER
EMH, BRI RSB .
KRR AEBNEIRE, EABIEAR
THEK, XEFEEMANERSMAERTD
BRFEOIERER. BB - K]
(Born-Karman ) g B R AE M R T
DR R ERRRE, Q0B XCHO003 003 01 B/

B N MNRIKEBEEH—TIAE, ERE SPIBRISFNORR, MENEX, HPHNRIEGH
INELIEH. ERIBAN RZEEIAENBIAE.

Y0 XCHO003_003_02 Pi7R, 1858 n MRS p,, MLBBIINTNRSZ2/E, 55 Nm NRFEY
IR thy.,

XCHO003 003 02 N
U]\Uﬁ 1UN+n :,u,, , EU Aei[a)t—(n+l)aq] — Aei[wt—naq] N+1
ZK: e ™ =1, Naq=2rh
N-+n N+2
27
=—xh, h NEH
q Na Z
FREESE: —L<q<t
a a
PCA: —E< h < E h= —EH, —ﬁ+2, —E+3, 0, ﬁ—z, E—l, N
2 2 2 2 2 2 2

h REEEN DEHE, KK q tBRERN MENDIIE. AIUEE-—MERXE S N DRE.

2
B ISR : S LS BN ENEE: ¢= 7” , L=Na
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N . 2
B REWXNEE: ¢=—
a
XCHO03_004_01 a)
o w . , 2r/a
B MBWORTE: N'= _
27/ L

- BEER o =P sin? (@)
m 2

BT AR RMEBRE, o= 2%

. ﬂ a
sin( 5 )‘
BERARBEEFAMNN, XT Oo HMXIFRE,

\ . 2
7 g iathEEN: 2o

a

ROINVE: o,, =0, FREIRAME: a)m=zg

wo<g<” . SHERIENTHEE: 0<o<2|l
a m

—— RBEREREOI<w< ZE 2 BES RS RSN PIEIE, HEMEAIR KRB, By

PUR—# SR 3 &R B IERTER RS,

XCHO003_004_02 A

w KRR (g >0, A>>a)ER

Elastic Wave Elastic Wave
sesssfessnssssofesnsnnssafosnns a)}na’r

2g -0, BIRKRKN, sin(qz_") ~ %

— o=alZ)
m 2 3 =

BEKAWE XCH003 004 02 A,

FOBIRIR T — RS SR EE X RIS RO B ENEEER 0 =V d —H
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BWRFTZENERD: f=65, f=ﬂa(§)

—— K=o [RITHENBKERE

ISR IR - c:a?, = jﬁ =E
m m/a P

K
ESNRBRMREIERE : Ve =E, K, p DAINESNRHRMEENN REE.

—— JUAERRERLD. BIEKRRR T, WF—#5RTESBERIUSIERRITK, 815
AUBMZREEN .

- FTRARIR (g — %) R

Mo =2 E

m

1
TUBW, N0 EBAE o -2L)

m

._.aq
sin(—
oy

—— KRIRRT, MBRM MRS 2 BIRMNBVIEE: g(n+1)a—gna=qa—0

2 N \
—— 1= o —MEKAEATSRT, RETIUSERIESNE. E XCH003 002 02
q

e

XCH003_002_02

XCH003_002_01

A > S 2a -

RRRIRET, (g = Z)

BRAVEK: A= 277[ =2a —— MMMENRFTEVRINNIABIE . F0E XCHO003_002_01 7.
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w [RIAIFSFOE I TREVR R

88 q MERSIEE n MRIFWIB: u,, = Aqei(a)qt—naq)

EnNRI RO w, =D p,, =0 A"
q q

A i, 1 —ina —ina
< Qq: NmAe t’ : ﬂn:W;Qqe . W,un:zq:(l/W)Qqe !

i Yo, = (1 YN0, 10 Jmps, = a0,
q 7=

1

153): ay, :W

EIELHRQ, = | Nmde'™"

—inaq

e

1
&MEha, =—e " —— LEZHR (REHTN).

I
w SIREFBRER B OB
RIMIBRTE, BRO*(9)=0(-9)

N-1

L - . o 1 ina(q—q'
Te " PN, REERE. B LY emn =

n=0

1 N-1

o ina(q—q') _
=q': —)e =1
g=4'" ZO:

9#4q, 29-q'=s

9.9

N -1 N -1 N -1 iNas
o IR I D M I
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h
. iNa -—271
o l_elNas_l_e Na _O
*U%q=—><hﬂ]q—q'=S, B3 ias 2 mih -
Na 1 -
1 —e Na

_ |

e TAEEVIENIARIRR R - T:EZmﬂj

\ 1 —ina N . _1 e

/|%Wﬂn=W;Qq€ IIN-=x T-Eg\gq\
. L 1 .

o BEENENLIRER: U ziﬂz(”" — )

18 Jma, =%2Qqem 70 )ma, =%2que“””“q'
q q

s a(g+q) g jary L inatgrq)
U="- [ ) 11— — TV — ) Mlre
™ {%;Qqu[ ]}N;‘

R L5 natara)
U . o ema q+q" — 1 . ] #*—q: — ema q+q' — 0
q'=—q 4N§ q q‘N;

U= %;qu_q {2 _ o _ efiaq} , U= gzg:QqQ_q {1 — COS(GC])}

2 1 1
8 @ :f{l—cosmq)}ﬁM%%u: U=220,00,. U =52w5\Qq\2
q

q
1 . 1 1 .
w [EBME: H =T+U=EZ‘Qq‘2 +52w3‘Qq‘2 :Ez(‘Qq‘Z +w;‘Qq‘2)
q q q
—— B1Q, = |NmAe"™" RAAKEHH B ELIR

1

%@%ﬁ%ﬁE%ﬁ:%QwﬁjawwHw@ﬂ,w:Qﬂmz

1 .
E[a(q) —ib(q)]
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o 1 T=%Z[a2(q>+b2(q>]
2o [ mu="Yallof, mm.
q q U= Y oila @)+ B (@)

q>0

w BTWE: H=T+U=—= Z[a (9)+b*(9)]+= Zw [a*(q)+b*(q)]

q>0 q>0

1
w BEEAIHE: ¢, =(n +E)ha)"

2 w
- KESEH: 0,(0,)= Fexp( £, (&), 5=%Q(,, H, (&) —— EH2Ms
o — PNE RN —MERS O, REER UG AL RS BNER B K
w 55 BBIRNNEEE S FIBENESE S

—MEEME—IRIR, IMN—FPFES, EENI, ; é’:iﬁf@}}ﬁﬁbﬁ%?(nq+%)ha)q iy, %84
Bn,TE3. FIRITTHKR, JUBIHAITALEIER, RIRREE.

KT BBIRNNAIRI U N BT RADANAR, BT B MrNENEEEILIRS N2
I, REFSAARTEEFERNAITEAMNNALR

—— FTRABRE. 08, JUBERENT
—— RRESEPHNTUBRNF IR T 28 e0E
—— BIRESKPHAFIUSFRESTNESTZEMEEFER

—— NESEPHENIUBERINFE T2 BEEER
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§3.3 —HEWRTHE FERNEER

w —HESTRIOBT__ —4HTRKHE

—— PAM Q MIPARERT: m. M (M>m) MBI —HEE BT
—— BREAMRFIFNEEN 2a—— EXNBTHEBEL.

Q0B XCHO03_ 005 7o

R8N M BERSAIT 2n-1, 2n+l, 2n+3 eeeeee o
FI8 RN m NRSAUTF 2n, 2n+2, 2nt+4 eeeeee o
mil,, ==, =ty — Hapy) N
w FEERR: S — (KR NAERM, B 2N MRTeSE
Mi,, ., ==PCu,. — tyyr — H,)
XCHO003 005 i :
1y :Aei[(ut—(Zna)q] ,4_23 _,
w HRE@RER: T o]
Uy, = Bell2rhal 2n-4 2n-2 i 2n i 2n+2 2n+4
. — _ o r ‘ m I f
BAM>m, EXETDARAORSTRENEIRIE— M
fiebap~= N =] 2 38 2n-3 2n-1 2n+1 2n+3

_ Aei[a)tf(Zna)q]
yg o

My, = Be

i[ot—(2n+1)aq] @@Jﬁﬁjﬂj—ﬁ%@” .
_ma)ZA:ﬂ(eiaq +e—iaq)B_2ﬁA

QB -mw*)A—(2fcosaq)B =0
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— Mw*B = B(e™ +e ) A—2 B

2-me*  —2fcosaq|

EA. BEIFSHE, ARMUTINERE: 2
—2pcosaq 2 -Mo

P sin’ ag

w o =/ (

—HENBBNERE —HRRITSBNBELR, 05 q 2BHFEERPATNBRERR

—— —#HE T REP T UGEMIPIRITHIEHK
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PPN BBV RAEBEIRA |

XCH003_006_01 0]
Optical phonpn branch
, o (m+ M) mM ., =
10) 1+[1———sin” aq]?
= _— {1+[ ( MY q1*}
> (m + M) mM .,
(0] —|l——SINn «a
" =p {1-[1 ( MY q]°}
e XCHO003 006 01 Sy Acoustical phonon branch
=l T
. ERBIRIE 2a O 2w 9

Q2B -mw*)A—(2Bcosaq)B =0
—(2Bcosaq)A+ 2 - Mw*)B=0

VEXON 20w’ DR

mao?. -2 %[](E) __mal-2p

B
/3 (=), ==
N (A) 2 cosaq A 2 cosaq

ERRB 2 IBEINIBE: 2aq

NIRIPRRENPENE, —HEETRT WERHIE: —7<2aq<7

Tyl —— = HEWK

—— B HBWXIN: 2

a
- h s
KABEBMOREZME: NQRaq)=2mh, q= ﬁZﬂ —— h REH

—— SNERES BN SNAE: g =~

a

a

—— E-HBWX AU q IS %/Ni:zv —— RRONERNE

YN — q B8R : —Z BRI —Z SR

— SHISRHMEN 2N, RNRIFHHE 2N,
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XCH003_006_01 w

e EBEX AR

Optical phonpn branch
T _ _. .
g >t (MR —— SERREIER /\
a

PARPAS B BISK -

1 1

Acoustical phpnon branch

E

(@ ) = (ﬁ)%(mM)—(M—m)}z - (%)2 = = %)

1 1 1

(@) = (L) (4 MY+ (M —m)y? = (2P
mM m

b
)

BERAM>m, P (@,) 4 > (@) » TE(@,) i > 0> (@), HEEEK,

(a)+)min ~ (w—)max Zl\aﬂ'ﬂﬁzﬁumﬁzﬁﬁ

—— —#HEWNR T @RI B EES. WE XCH003_006_01 HfT7.

g0 ——KRIRIEER

- BEK
1
2 :’3(’""'—]‘4){1_[1_4m—]\4251n2 aql?y —— 4m—Mzsin2(aq)<<1
mM (m+M) (m+ M)
1
FMAx<<1, 1—x=1—5x
2 :
BIBERE: o = P [sin(ga)|
m+ M
®_ ~a 2p q
m+ M

—— o WRERAS MR INBRE I LEAETN

—— BERBRRITMEANNMREER ST REFERK
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_ma’-2f

B
Kqg=0, o =0fLA(—)_ =
%4 ! ﬁ)\(A) 2 cosaq

B3 (5. -1

—— RIPHPRITIRNIRBERE, 206 XCH003_006_02 PR,

—— AKFFRPBLRT RO OED, HERIBEE, BRARNBRELINEIRI). WE
XCH003_006_02 FfTo

XCH003 006 03

Long Acoustical Wave Long Optical Wave

\M

XCHO003_006_02

-

o = g+ M) {1+[1—$—AA§)Zsin2 al’)

—— ﬂ—g)zsin%aq) <1  g—>0

g > 0EIREMERON: o, ~ g, U= mm+A/][\4 Effective Mass

2
o, ~ |22 s0cosag > 10 By, =M =28
H A 2B cosagq

SEF (SL :_% —— KAFRPAMRIIRINIE—, BARRT RO EER

—— RERIMRSAZEIRE), RIE|PRITZEEMEXNEE. WE XCH003_006_03 .
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BlfR E—#ESRTh, WRm=5x1.67x10"" kg, M=4, L=15N/m, it&
m

1) ASRIRROIGANE @y BIVE 0, BSERIAREIBALE 0,
2) BRI HIBER By« Egn F0E

3) £T =300 K ~, =ME3HESNZD?

4) WMRBEWRHRNR, R oo, NESHRNSBHREKEH AR ?

B 1) PRENSIRE: o), = )% 0! =3x10" rad/s

WERRFAINE: 02, = 28 TR mM__oom, ol = E)% =6.7x10" rad/s
MU

m+ M
ESEOR AR 0l = j%, - 2j£ = 6x10" rad /s
m M
2) BNBESNEEE. =hol, , EO =0442¢eV ; E°, =1hm§m, ES =0.396eV

E- =lha)”‘ EY =0.198 eV

max 2 max ’ max

NN e 1 _ Y
3) — MR NHIEIRTFEE M AR ¢, =(n+5)ha) MK : P, =Ce "

1

—&,/kgT
e

n

RIBP—HRHED P, =) Ce™ =1 —— C=

P e*‘?n/kBT P e—nhw/kBT
n Zefgn/kBT v tn T ze—nhw/kBT
n n

FEY " =(-x)", BEIP, = (1o kT
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REENe, =(n+ )hco BRSHEIEE: ¢ = Ze P,

:Z(n+ —hw, €= 5hw+(l o o/ ks T)ha)zne—nhw/kg
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(1 _ x)Z ’ eha)/kBT -1 (ehw/kBT -1
. e — 1
NXRANRTFBERERN 0,(q) k5 FIIEE: ¢ =(n(q) +E)7l0)f(‘])

1

h(u/kBT -1

—_ @'m%—j:%l q /L;\E]'])I’g_it/]*& n, (Q) =

1

eha)gax IksT 1

ET =300 K T, %S3RME 0’ BE3H8: n (0°,)=

1
¥k, T =0.026 eV FIEC, =0.442 eV RN n% (00) = —m—
60026 _1
M (@) = 4.14 %107
- 1
HFBRR 0, BFEFHE: ny,(on,) = R N (00,) =2.42x107
e min ' B —
SRINE 0, DESHE: n,,(0,) = ﬁ” P (@) = 4.93 %107
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BRES, =0.442 eV, SYMEBHFAVEK N A =2.8 um

—— BHR 0, NESHBNBHRRKETIINGRE (Near Infrared) (NIR)

REVISED TIME: 05-4-9 -6- CREATED BY XCH



EWESR BE FEE BBERTSEFRIFRZFEER_20050406

§3.4 Z#SREIRN
—#ENBT: BEEBN =N N,N, MRIIBK, —MREDE MRS
n MNRFOREDAIZ: m, my, my,---m,

EINREONIE: R()=1a,+1,a, +1,a,

(1 (1 (1 (1
REPBRITBONE: R( j, R( J, R( ], R( j
1 2 3 n

/ [ [ [
RIRPIRTEEE RIS [1(1} [{2} [{3} ﬁ[nJ

/ /
.- Bk NRSREHHE: m, ,u(kj - —ﬁﬂ{kJ e

a=1,2,3—— RIE=THOLBUBNE, —TRIEPHSE In PELBSE.
—— HIEGNRRIMBHEMTTREE

- i[ax—k(i}q]

/
—— HERAEN: ﬂa(k] =Ae

GRMRRE 3n MBI, BEIXT A, A, A3 Ays Ay Ayse Ay A,y A58 30 MM

%RﬁﬁzwwumzZCW@k}%ﬂ
k'p ’

RIEBAKITIRNNERM, B2 1o, (j=1,2,3,3n)

@ME%;q%o,y¢@mq;%zﬁﬁ%ﬁﬁAwwumzZCMGk}%ﬂ
k'p ’

1BRIA, 4, 4, A BF—B. HETKERET, = MIRMOSEERNEREER> 8
BIBXEEN —— Ry 3 TSR,

78 3n -3 XKRIREISRBANE —NRIEPSRIEEEXEE, RN 3n-3 2SR,

REVISED TIME: 05-4-9 -1- CREATED BY XCH
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0 SO — N EIRDE 0 NESER, B3 TESH 303 TSR,
- SRRSO, BENEE, TUERTRN: §=xb +xb,+x,b,

—— b, b,, b BRERIN 3 NEK

T X, Xy, Xy 7‘3 3 PR
/ ilorR [} )xb] ilor—(Nyay+R (L )by
“, (k _ by gl
/ iTot=R, [t }xby1 ilr—(Nyay + R, (£ )1ty ]
KRR -F8OFXMNY: 4, (k =A,e (k) =4e (k)
/ ilwr—R. (! - xX3b; ilot—(Nya;+ Zl -X3b3
A
2r :
" Nap TN
Naxb =27 1o !
N,a,x,b, =27, x,= 2z = X, :ﬁ
N,a,b, N,
Nyax;b, =21
2r hy
, = =X, =—
N,a;b, 3
23 z;:ﬂz; +£B +£E —— hy, hy, by N3 DR
. N] 1 N2 2 N3 3 127725 7%3
B G (— MR SERmERR: =2 (Gl b xb)
1 2 N3 N
* L
I“=%v,Vﬁ=h(QXQ)—_%ﬁ%%ﬁ@%ﬁ

e RSEE: == — = =
Tk b(b,xby) (2n)  (Qx)

N N Ny, ¥
2

KK g BVEVE

~ i[a)t—R(i)-q]

l ) —
Eﬁ%ﬁﬂﬁ@@m{J=Aw P, BRI R AR SR : e O

REVISED TIME: 05-4-9 -2- CREATED BY XCH
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BRNE— MK : G, =nb, +m,b, +nb,
e RDG,+0) _ ,=iR(DG
R()-G, =(La, +La, +1a,)-(nb, + n,b, + n,b,) =2 (ln, +1Ln, +1Ln,)

—— GRG+G, FFHERAIB—HE

b, b
_ 1 <L
2 9 2
_ N b b
—— JEBERSE—MEESREe, M RBME: (- <q, <
b3 b3
__< < —
) =5
e V- - \
GEURE: ——— b (B, xB)|=N —— RERBEEH
(27)
Ak b (N W
2 N 2 2 T2
g=tip i lop Iy B Rh b N, Ny
N, ' N, . 2 N, 2 2 2
by _hby b | N N
2 N, 2 2 2

—— gBN =N,N,N, T BV&

XN —T G B 3 XFZRAM 3n—3 5K, AABRKEDE: N-(3+3n-3)=3nN

3nN

E=Y3 () +§)hwi<q) E=3[n(9) +%]ha)i(q)

q i=1

—— HE3IN PARERER, BIF 3IN TEN 0,(9) (8. IINSBIRIMEEIBMMIAE ho,(9)
BYE

—— XS IRTNBVEEE SFRNFS (Phonon)

REVISED TIME: 05-4-9 -3- CREATED BY XCH
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o TRENKX

“#m BN, W0 XCH003_009_01 B

XCHO003_009 01 XCHO03_009_02
= . ] ] ]
b Ml -
2
.\ \ / T \ Brillouin Zone |
i a ° ° ™ I De
L] b g
b; b Brillouin Zone I1

0 . : 3 @
\ l / \ T b Brillouin Zone Il

Construction of the first Brillouin zone
for an oblique lattice in two dimensions

e [FSSHRERX
> 21
a, =ai 1= 71
EOBIHEX: = . — ARIREREX:
= 2
a

e E—HERX

ISR ARE SIS b, —b, b,, —b,

EEVDEHOIE k=1 k,=t— —— BIERBXRNSE—MERKX, StELIMERX.

N
N

B A/ (2—”)2 —— {0 XCH003_009 02 Ffe
a

o ETMERX: B4 PMEBR

b +b,, —(b +b,), b —b,, —(b —Db,) NEEFLNEAE—HEWKDTHEL.
EHREBRX AN (27”)2
- EHRBWX 4 MEEE 26, 2B, —2b, - 2b, MEETZHEIE - HENKRER,

E=RBWX AN (2—”)2, Y0E XCHO03 009 02 7o
a

REVISED TIME: 05-4-9 -4 - CREATED BY XCH
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- HEHSHR ORI URLMNNTHET, § MRRENA: (27”)2

NS T RERKX AT E SNV B2 EHE—mERXES,

0 3 DK L

Na
ISRV

BAE w"+E

REVISED TIME: 05-4-9 -5- CREATED BY XCH
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§ 35 BIEABKIEER
SBBPNFZRPBARTEBE—D ORI, HFKP, REPRERITAEXIBIERN.
—— LRKURBAEXSFIN, MXBRSISENFRENTEE.

—— KFEFRNMIL S RIBEUNEIRE)

—— KAERP, REHRIVMRISAD
WRSBEBENPRIPB AN, KHSRIEEBPERENEIRM.

L KHFROEMIIIE

BFIPAEES (IE. AB3) FMAMNEINES (ID&8HK), TR, BRONATBE IR
ulElkiE 8

—— DRKHREONEAEKRSS, BRHE— 08T HUBRETED

AFRBKIEER, EBISMARN—LHRRFERBEOBAE, MABIHTAKS —LLAIREE
RIS @R, ERARPHIMEMERL. 0 XCH003 010 AT,

—— KSR NIRRT XCHO03_010
Positive lons

RO NENRINES: M, and M_ /—Q\‘\
- . _ _ E
M PNENB IO a4, and ji_
M L .\

WRKHSRTHONENE: W = (a)2 (i, — ) .\o———"'/
Negative lons

— MM
—— Q: BER;, —— M=—"—"— AWESE
) Mo OHERE

+

BEEHE: — b, =b,, Pand E : BENHRNBENEMBIFRE

—— B1W = b, W + b, E R ESABE e T2

—— F512 P = b, W + by, E EAB S 1BRNSIIAS = L BB AT B 775 157~ S BT N0

REVISED TIME: 05-4-9 -1- CREATED BY XCH
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1) B85 NEFBNEBER

RS =0, W= —%E
11

2
b12

P=b,W+b,E, P=(b,——2)E

11
BN: gE+P=e0)s,E, P=[e0)-1]g,E

2
(it P = [6(0) 116, E 70 P= (b = )

11

bZ
83): [e(0)—1]g, = by, —ﬁ

X
2) BB T SEBNTBRM
BHORK TS T SRIRMOVAR, W =0, P=b,E
b P =[e(0) —1]e,E F0 P = b, E 13%|: [s(0)—1]g, = b,,

2 2
B[e(0) —1le, = by, F0[£(0) —1]e, = by —Z;i B2: [(0)—&(0)]e, = —%
1 0

EENSRTE: b, =0, —— BELROTER

by, _a)g
b, = by, = )[£(0) — &(0)]g, @,
by, =[&() —1]g,

—RBI T, SBRPHKAZRIRMWR, KAFEEIMARNES (LO), RBEASFHIRT
HEERNORLEB, RHETERREBINTFE

KASERFANHEEENG. TRk B, KAFERITEHEESIRNENBD, ol
Bhetn, BIeB Rt HE eI,

—— KAZEEFINBHES (T0), KASBERETBWM, JLADEHRERS.

REVISED TIME: 05-4-9 -2- CREATED BY XCH
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§ 3.6 T RBIRENLENNE 5 7%

SRBIRMEVRRFIDERBRR —— SBIRDNBEERR, TRNSBIRNEVIRINE,

MAPFTIFREMEET. X FEAGF07ET S BBHVIERMRETSI RN E BB IReH8IRENE,

. 3 IFEIERIEY

NN SERDINFEEm, . 8P . B E=-L

12 2 +:hw(q) Absorb a Phonon
—:how(q) Emit a Phonon

—— FIRSKE: G, =nb, +n,b, +n,b,

—— BINEME: hg

—— DIHWEEE (0.02~0.04cV) SEFTHIEEE (~10 V) EHEHEANHMER. FRIBUBSD
AL EAN PSR PITHEEE  MESTOIMNEK, FREAFPSAHBH P L8 1T
KA WMEFTOIRK, MILUBESFEIRINE o(q) ~ G -

—— MWRESEHREIEPIHREESFITHREERDL, RILIULRSZHMNE P HEIRICHIRE
ST, NMERERIDSEHETEENES.
2. HFE5EBHIRRIMERS

MERFDEEN 0, k OASHT, BIBSFTEHEHG, THMEDRIN ', k' OEHEHT, SIE
NAESBP~E, NRE—MRIDEIN 0(q), § VFF. XFTESFFHMERIEHSE:

+:hw(q) Absorb a Phonon

BEETB: ho'-fio=1ho(q),
= @) {—:ha)(q) Emit a Phonon

WEIE: hk'-hk = thg+hG,

REVISED TIME: 05-4-9 -1- CREATED BY XCH



EWESR BE FEE BBERTSEFRIFRZFEER_20050406

—— BREAGIBMEIAGT G, NEATSOHRE HRE, JUSEIFTHIREIRKE
AR, BIFESEBRME o(g)~q .

) HTEKFEZREIHBEER —— AIHMEREE

—— KEREAET: o(g)=v,q
—— TR o=Sk=vk
n

ﬁhmﬁKc,w%%%ﬁ%%ﬁ%ﬁ%ﬁmﬁwﬁ%:kzq(@%%%%%ﬁ%~m%m5
ng: o> o(q)

Fibl: ho~ho'—>o=0'—>k =<k’

—— WREKk~q AT REFZREITHEN, AFESHE BRI A/NNTIEE,

KESEESHRE ¢ TSR : g =2k sin% , 0B XCHO003 011 FfiT.

XCHO03_011 k !

EARAEBEELONSHAETHNHFATHMEK 0", KA
(q) = 0 — @' 3R FEFHREK,

@Nﬁ%qZﬂﬁngﬁﬁﬁ%%ﬁ%ﬁgﬁﬁ%ﬂ?ﬁ%m
?}Eﬁj]i% a)(q) ~ q o

EETHANEIH 2 EOUREAIRE : |0 —0|=10" ~3x10" Hz —— 7REMEE

a) A a) 3
2) HTENIREIEEIER —— HIHhSHS
HFENRFREITREFRRE
Y w'
BEETIE: ho'-ho =+ho(q) L@
H(q) ,
HEPIE: hk'-hk =+hg+hG, et ‘

BTR ¢ BEUERA, XW—RINICKAINCBIRE, KK k R\, B, HIFE5HFREITR

REVISED TIME: 05-4-9 -2- CREATED BY XCH
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SHEEFR, REITEIRK ¢ BRI/,

—— ATHRSHEFRRBRT I ESKAZRNFTOEEIER. EFERIKTUR XCH003_012
e

AT\ STH 2 EOREATS : @ —o]=3x10" ~3x10" Hz —— Raman &4
3. X HAERRME B
XAHFEESBONE CEETURK), TUBRAREFORNL, HTFXFEEE (~10%V)

ERATFESTHEE (~10 %eV), FIUESRREAR HREBHIDSBNEX L THTRIGNERE,
RIHBE B3 BIAEE R IREXE.

REVISED TIME: 05-4-9 -3- CREATED BY XCH
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§3.7 BRI

REVISED TIME: 05-4-9 -1- CREATED BY XCH
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§3.8 BUNSHETER
=ooeih o aE Il N
BIENESHS: G, =(6_T)V —— E BE8EIEREE.

—— BN ESBIRMIEENB I T HEES.,

RREREPEMIT, S/OMS: C, =yT+4T°

yT —— eBFXUMESHZR
AT —— SIBRAASHER. DEERARARNER, SIWASTR), TURBFIL

o SBISIREIXIINS HITIER
R — BRI FIIEEN £, T -

WREKE N MRF, =0WIEE: E =3Nk,T
BRRINE: C, =(—),

C, =3R —— ie—BEe
—— RRRPEHEN, NSEHEERRETE,
.- SRRHNESIE0

FZR—TMRE N o fRINEERB S ERXIAS TR

1
SEAD—RIESHRE, = (1, + he, BN —— n, B3

1 —E.
FHARARTESBERNE, =(n, + E)hwf ISR - Pnj = Co kT

1

Ze—Ej/kBT

n

RBII—HRHE D P, =D Ce "M =1 — C=

J

REVISED TIME: 05-4-9 -1- CREATED BY XCH
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o Bkl ohe kT
P =——_ P =

n; Z efE/- lkgT ? n; Z efnjhwj /kgT

nj nj

HAY x" =(1-x)", BHE, =" (-

| —
BERNE, = (n, + Dho, ERFOOVIEE: E,=) EF,

J

_ 1 - 1 ot -
Ej =Z(nj +§)ha) , Ej :Ehw-" +(l-e haoy/k T)ha)jane o, kT
n; ; 7

" x PN | ho,
R ;nx = —(1 __x)2 , 5% Ej :Eha)j +ehmT37{_l
e e e T 1 1
RERSURIHREIIE £, = (G +)ho,
e "~

e SR N o BIRINIR XIS BI TR
dE,
G = (d_T)V

ho

j N2 h;lkyT
—)e
G

(eha)j/kBT _ 1)2

C, =k, —— SRBRDALIEESER

—— BRIRR kT >>ho,

( ])Zehw,'/kBT ( j)2(1+ J +)
Y kT kT
4 B - B
(eh ’/k‘gT—l)2 [ha)j +l(ha’j L
k,T 2 k,T
C,~rky — NEH

—— BRIRIR kT << ho,

REVISED TIME: 05-4-9 -2- CREATED BY XCH
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(ha)j )zehmj/kBT (ha’j )2eha)j/kBT (ha)j )2

k. T T k. T
Cy =k, Bhw/kT ~ky Ly e, JkyT Cy =ky h, kgl

(e i/ Kp _1)2 (e i/ Kp )2 e '/ Kp

b

WT 50, C, >0

w FTEIRMEXNASHRE —— SRS

—#&SKEBNRRE, 8TREE—TR3

ol o = ho,
SR N MRDEL, SRR E(1)=YEM), E =2ho,+ =5l —
J=1 -
& W dE (T
suanse: ¢, =S¢, ¢, =50
Jj=1 Jj=1 dT

I ZRIMBRE: WTFEN PRI EUNGEE, SEPAEHNRITBUERNEodxE.

3N 3N ho.
E:zEj(wj):Z(Ehwj—i_—hwj/kg; )
= = e -1
— 3N 3Nhw
E =—nha, Ty kg T : 1
oE ho el /st OE ho

C, =(—), =3Nk 0)? , Cp=(—), =3Nk, f,(—>

4 (aT)V B(kBT (ehwo/kBT_l)z v (aT)V BfB(kBT)

hay/ kT

ha)o) :(ha)o)2 e

= RETBRE R :
p=s fB(kBT kBT (th)O/kBT _ 1)2

O IT
e’r

_ )
- ERENDEE: ho, =k,0,, CV=3NkB(75)2W
e E —_

—— FEEEEN G, B, FRTERNIESHIEER, BISitENSRANRNEREBGIRTS.
ST ASHEA: 0, =100 K ~300 K

XNERG: 0, =1320 K, BIiGIHHEFRIGSR LR IE XCHO003_013 Fo

REVISED TIME: 05-4-9 -3- CREATED BY XCH
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6X4.18
. e%'T 1
RERSN: (eaE/T _1)2 = (eaf/zr _efaE/zr)z gt
2 4X4.18
é 3X4.18
eHE/T N 1 B (1)2 ':E
(eHE/T_l)Z ~(9 E) 0, L 2X4.18
2T 2T 1X4.18
0 010203040506 07 080910
C, =3Nk, — SHE-BEEE XCH003_013 1/0.
fiw hw ~hoy
BEFRIEN: —>>1, G =3Nk (> —)e 7

B B
—— ISEREENERTRRE, SRRERC, = AT’ T,
—— EREMBRARE: RIS T SBREREZES,

2. RFREL: 1912 FRFREUESN FIOVBRITRRAREK, RMRIESTSIESIOBME
SN B 1 TR0 2 MRITHER, EEEXA

XCHO003 014 q, "
w=Cgq For Lognitudinal Wave g =g, dq,09,
w=Cq For Transverse Wave
V

XNT =48, REEE ——V &IFEUFR,

Qr)’ &

BFORRERR ¢ FN2ESHERN, e q BER
q N S DI DMBER T

BR g NEESHE, BV B—1ZRWAR, IR g BERIITESZHEY

—— J0B XCHO003 013 ffirm.

o0dg =dq dq dq., RS :

47rq2 dg

ﬁ%myﬁEquﬂMZ@%ﬁﬁEﬁ%ﬁQ:ng

XNTFBEEAMRNR: 0=qv, —— qBIESEN, MEBENTEZEE.

REVISED TIME: 05-4-9 -4 - CREATED BY XCH
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RENRIEE 0 — o +do ZEARDSNES: An=g(0)Ao
g(@) —— RIAMRHTHDY, RBERDENTBEDH

(hwj )2 ho,ksT
= —1 g oxph = &b k r
— MRS TE: C, =k, ( he; Ikg
e

T _1)2

( hao )2 ok

SEHRNS: C, jk hw/kg ey g@de
T © — o+ do 218, YBHNE (2’/)3 dngdg
T
d
IREEENERL, ITUEg=— | dg=22
Cl C]

4 2
5 3a)a’a)
/

YRS -

= N . V ;
EFREE 0 > o +do 2/8), BRIVHE : 2><2 ——o'do —— FRER
7T

_ \ . 2 v
R 0 — 0 +do 218, BESHNNE: (_+F -

~w’dw

3V
RIAEDTBRE: g(0)=—F=0" —— 5 -

3 _ 1.2
2C3 c’ c c

BREOHE: 3N = [g(0)do, o, :5[67:2(%]”3
0

haolkgT
3 )2 e

Vo 2
= o do
27[2 C 6[ k T ( ho kT _1)2

B2 C, =

3 ho o/ kaT

Voo
72_2 C3 (_)[ B(kBT) (eha)/kBT_l)Z

2
odw

Wao, =C [67:2(%)]”3 RAC,

REVISED TIME: 05-4-9 -5- CREATED BY XCH
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kT v ho,, kT 54 £
SEBNSC, =9R- () =
88 v (h(()m) C3 ; (e§ _1)2

dg

PR 10)
- BIERE: 0,=—417"
kb’

T O,/T 5485
C,(T/®,)=9R 3
(T18,) =9R(G) Oj(ef_l)z

dg

S e ®
cV(T/@D>:3RfD(7D) —— HPRFERERE /() =3

i h
SEMET: T>>0,, &= k“’

<<1, e ~1+¢&
B

782y 3(L)3®Dj/(T§+1)§2d§ T £,y ~1
T e, ’ T
C, =3Nk, —— SHtE-HEEE—K,

BRmET: T<<0,

C.(T/®,)=IR(—- )3wj gt dé
V D @D 0(65_1)2
12z T
C/(T/©,) =2 R(—) —— SREHN3 RHREL.
15 0,
127Nk, , T
C(T/0,)=—2""8( Ly —— w3z,
15 o,

6485 dég

(e =17

—— RERR, BFaMAE, REERERRN, REKRBEIEARTIRN.

REVISED TIME: 05-4-9 -6-

CREATED BY XCH
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§3.9 ERTRNENBE
—— ASEPRNTUFENCRENEER), NEMEOIRDENEEEER DN,

XNTEENSE, DORMEINMER—E, RRMMEET— 1 Dh —— HSEBRIMEINEBE
%}ﬁﬁo

WRANE 5 BRBIRMNMENEE, MYUNERIMEHITRA, #MARSBRES, URRLEE
HEBS. HFIMER.

w SEERMENEBE —— SUMEER, RMEIANHE: g(o) = hm—

o0 A

i, BEREHERINTN, TE (; :

1RIE @(q) = Cons tant fRE—1FMEE, M PEREXE oM o+ Ao 2 BEIRIMEINAE :

XCHO003 015 g4

An = dsdq —— Y& XCHO003_015 A7~
(2 )’ J

SRS q MERTH: Aw=|V,o(q)|dq

Aw
18 dg = R A =—— [dsdq

IV, a9 co(q>| (2 )

Ao 4 Space

(27:) I|v P <2z> I|v ()

w IRIIENBERE: g(w)=

(2 ) I\v o(q)

BER/PER MR EE RN

- —STRKBRSHE (KEL=Na)
. 4
sm(%q)‘ —— Hbw, = )7/’ R E K

REVISED TIME: 05-4-9 -1- CREATED BY XCH

—HRTENEHRAR: o= g

..aq
sin(—)|, o=,
(2)‘
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1

RANENEE g(0) = |v o(q)|

(2 . j|v ()|raﬁma g(@) =

L L 1
ZRI—TMEIUT rqE, g(0)=2x————7
27 |V, 0(q)|

_aa)m w2 ﬂ _g 2 2
an)(q)——2 1 s1n(2), an)(q)—zia)m w

V, o(q) =——"|cos

L B

BIUB ¢ TEIREEEXRITE

R % dn = 2x2—dq dn = 2x%ja)da) o= s1n(—)‘
g@)==L, g(w)%vﬁ e

o EIAU T RMBERNEZE

PRI SK q MIEL: o=cq, V,o(q)=c

RUBER ()= j|v olq)’ S0 G A 00

o EBEXA: w=cq’
—#SHRD (FRV) BN, qTaNSMEEE—MRE, REER: s=41q"

—— V,0(q) =2cq

2(0) = V J-ds

IRENETEE g(0) = (2 . j|v o] o

—— |ds = 4z4*
2¢cq J 1

REVISED TIME: 05-4-9 -2- CREATED BY XCH
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V471q —Vi\9zﬁ\/e|
2n) 2¢q g(w)= e’ Rq E1t)\fﬁ§J

|4
—— g(o) —Wﬁ

g(w) =

THSK (REERS) BN, q DESMRNDBR—NE: ds—>dl, 4rq° > 2nq

=y S 2nq
RINEANBE g(0) = ()=
TERE <2 Y j|v g T @n) 24
I
1 L1

_g E?EI E?EI = IEEY 2 _—, -
SRR (BARKEL) BR: qzE, g(o)= |an)(q)| g(w) 7200

_ ) =
8(®) 27 ) cw

TNBEXRN 0= cq’ 1§
ZHRBIRIIRREE: g(0)~ 0’
“HBERRNEREE: g(0)~ o
—#EERIRIERNBE: g(0)~ o

TEV,0(q) =0 N—Lx—— TEXRTR, BRAP—ESXIMR (MEMRKAFR).

PIal: —#RTENBEKRARA: 0=0,

..aq
sin(—
o

v, a(q) =2 cos("z—%‘ L Eg=2Z, V,0(q) >0
da

—— XeF =S SEEIRIEZ UAEER.

REVISED TIME: 05-4-9 -3- CREATED BY XCH
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§ 3.10 BRHERTHEFNE K

SHENEBERE: F(T,V), RiEp= —(—)T OIS RIS BEVREH 2.

w F=—k,TInZ, Z=) """ —— RHRH, WHESIBEREREN.
BERBSRI AT B R FEUEN N FERIEE %U@Uﬁ%%ﬁmﬁm%§km+%m@
J

[U+(n+— )hw VksT

7 = z —E; kT Hie

1
—(ho; 1kgT)

0
Z:e—U/kBTHe [zefnjhw//kET]

l(hw./kBT) 1

_ 7U/kBTH T
Z=e ¢ [1_e—h(u//kBT]

RN F =—k,TInZ 183

a .
L4 In(1—e """
N ( )]

B

17
F=U+k, T [~
Ptk

LBINMAR V IERN, BRIMERRE N,

oF i) dw .
JJ:E p:_(E)T p____z(_ *hwj/kBT_l) dI//
J
o Bl ERELITE
dUu 1 ho. 1dho,
=——— —hw . + / — /
P="ar Z(z Itk _ 17y dlnV

REVISED TIME: 05-4-9 -1- CREATED BY XCH
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dl )
ﬁEy=—dE;mﬁﬁmﬁﬁﬁ@%%§ﬁ%@

ho .

— 1
%%%$@ﬁﬂ%:E=§]5m%+iﬁﬁ%—?
i e " -

W E  spmwrse

w SRV AR

dau

E
0 Jm B =/
ST p=0"1, FRERENTH: Vg /4 =

%%Eﬁ@mﬁmﬁmﬁm,M@%%ﬁﬁm,quﬁﬁﬁﬁ@%ﬁ

0

du dU d*U dU
( W, AV +- IRBEE Y, E-TNT, (W)VO—

= +
dv (dV)V" dav?

d*U E AV _ y E
Z oY AV =y il
de) 4 V', d*U (V)

(

2
IY) —— BlresnssES

K,=7V
0 O(de

MR o =

~ﬂ%

1 y C, -
- ;FR”/—,M,ZV—H/
VoK T DRRER

REVISED TIME: 05-4-9

CREATED BY XCH
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§3.11 BBIUES

NEE S DB ERE ‘;—T

N . dr SN 4 N "
- BEOMEE Jo =K~ —RUNENBY SN ERINEE, HEPBIRINSRH,
X

RERBI NGO, SEPHIMESERIKESTHKTH.

LEGRPFEREBERN, “F350” NEEDMENIYN. RERSHXKIRE LRI
MRINEERANRNBE, ERINEIHREKR, “F3” BES. XEEFRUNSEPHE
PEITRENE, BHRERENXGHEESAREN “F3” BE. BM “F3” LN cmiIE
i EFEEBIEE) — B AUcH), BMNENEMNSERSRE XISEEIRERIEX .

REVISED TIME: 05-4-9 -1- CREATED BY XCH
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FWNME FEFEL

REIRIC R ERIAREARPB TGN — T ERIBICEM. £ 8L +FURN=1+FHE,
EETNFERIIING, BERERESTNFHAZEEBSIECNIEPHIoAREERN. KR
PIBIRFAE T E MBS SR PEB T IN BB R.

—— RETEERNTLEBSE. FFEHXS
—— BRPBEIHNVYIEBENM ATERTIRS G -F
—— BEMIC DI HFSINRM STIRICEMN, B 5 FSERANAR

—— RAUSRUBNHKRE, LEFEICHRANEMENEBIEAR KRN EEIINERETS
BETTE

REIBICR —TIILHIEIE. EERPHEERENSES. BNNENREBEXREKEN, 8783
GBS EEBTZHNEE, XMPZEIAATSUHRIRE TR, EHEIEERRBTT
DEEE, MBS TBINCBUBRIINE —TFUBDPOEE). ERZEER T, Afl]
RXINNENBT, ERISEHUERNIZEPNEITTaIRTRE SRANEN, MARBS
BEHWRHRNE, TLIERSEHNARBIITUEMNE—TE IR, XENBITNFNES, B
BRI RNB), HENBIT O BRUNREEE I RRESVFREMERORMRER. B
IPRPEBTHARZBIIRS, XIRNIGHE (Hartree) —185% (Pok) BGIHT %o

REFELHHARRERPHBIABRET TRINRS, MEEETERAEH, RAREHE
T EWEHEHEINEIRSHRERSKAEEYEME, MERTSHMREFEMER0
BRI, XNTIERSEE, RINNVHIINES, SBEEEMY, RMEWHBD VOLNAEEE
. SARPHNEIMEE—TRBESBEMENSNRALPIT,

2
BT [—f—mvzw(mwﬂw B V(F)=V(F+R)

—HBARPR T BIAEFRMEBS PO AR

o B—AEN: BREN, SEIARITZ (ABITXR) VRELBITK, BT oiREIE, E£WiE
BN, JUANBTREEEHRINOUE L,

w EREN: MRIBRE—B=Ben0A, 2EFHRBHNASETTR, §TETEEEE
BB I BB UNETE T B PIEl.

= B=AEN: WNMBRIBNEEE IV E LS.

REVISED TIME: 05-4-9 -1- CREATED BY XCH
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=S PR N BSTAFRIER PEE I ANE

o EENEENTE : ERETEEMEMEATINTEES, REAFE I TIURRAE LR
KGRI, RORBIIRRHNAEEBLE, BWERTANAMIRENARLIE, KEAH
DIEREIBEE N E.

o BIRRHPOUE: REGTAMIEREB T RRYRTNPHRE, SEEARIURRE.
EABWNEHB U ERENDESD, PIRIEIBCEREEDN, R2EH T NANREES,
REIEICHBIRIE . REHIRICEVSIBBMT), BHEEENBRM,

w —UUREERMCEYSK: £ EIETEHLENER, NMBIHNIBXRE/, BNNEBEL
S5&BIENES, XMERAAELNETEFRRAPHERTHEN, FHHIBREERN,
EXPIBT MR IEIERNEA 5o

o FR0ER: FETERRBRAEER, RONEZENBRERRBAERR, XMPYRBs
REEEA N K EFRNFRIINER,

o B3 5BIZEIER MNSRABVNBERS, B3 2 B0EEFEAEB LA VIVIHNE,
GHEEEMEANERCE; BN, Tk ISBEFANZEPHNBIARA, MABRERIBESE
FIEKBAR S, MUBEEME T RIF.

o 8358 2BNER: NESHRBEEIFRNRBEENRS, ERIT&RPEITNGHNES!
EEESBEE, BFHEXIPEE -k, XLEREBAEBRLENERHPRBITHNTH.

§ 4.1 TS HEER
SRR SN EESREERN, B3RN0 REEILS2:

hz
[—2—V2 +V(@P)y(7)=Ew(F)

m
FIRNMEBUTME: y(F+R,) =" y(F) —— MmSHER, Hbk N—%8,
TREPLUPRSIREE R K, BRHIUBNTLHERS
RIEE MR LUSEINRREEHR: v(F) = e u, (F) — SR

— u,(F + R) = u, (F) EBESSBBEANPHE,

REVISED TIME: 05-4-9 -2- CREATED BY XCH
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- SR EIEEYIESS

MSMEEMIERB AR : FiRAVBEFTOUR, ERVBENSEBRMNERTNS, MEEEE
BNAERE. REFHBERTOFRFEREFRETHNMEE, ROEBEBI KRBT,

BIHNBEIER IR S SAROVEBXIIRIE, BIRETRERKER, =mad, + m,a, + ma, iy, $Bip
BALW, HPa, a,, a,=THALNERX.

EREPTUSIABRIXLEPBUTRIENERF: T, T,, Ty

S FPRIZSEIEEE: R, = ma, +ma, + md,

NREFRER: T(R,)=1"(a)T,"(a,)T)"(a,)

o YRRERT,ER

ERTFHEERH f(7)B: T,f(F)=fF+a,) — a=1,2,3, a, a,, a,=" HE FNESX
w RYBERT ERTEAMA,: TV(F)=V(F+a,)=V(r)

w SERERZENS

NTERRE S/ (F): T,T,/(F)=T,f(F+a,), T,T,/(r)=f(F+a,+ay)
T,.T,f(F)=T,T,f(F), FAibl: T,T,=T,T, —— STBERS.

w RERNEEMENS

STFES@E /() : T,Hf(F)= —h—via V(7 +a,))f G +a,)

=BV, S %Eﬂ@J—EU— O 0 hasm, y 2B, RRRRIGM S,
ox’ oy oz

FbL: T Af() =[5V + V(S G +a,) = H (+d,) = HT, £ 7)

B0 T,H-HT,=0 —— PRESHNBSRREHIS.

REVISED TIME: 05-4-9 -3- CREATED BY XCH
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BIBENSAR, REEIFNFYLURE H VMERY, EERIMNASEBERTEIMMERE,

Hy =Ey
Ty =4y, Ty=4ky, Ty =4y

e NEHER@E: 4,4, 4

v() = w(F+N,a,)
SINGEMIR R W) =w(F + N,a,)

V() = y(F + N.a,)
—— N,N,, N, DAIRBa,, a,, a, =110 LHIREAE,
/%\EQ%H@@ N:Nl 'N2 'N3
WF: y(F) =y (F+Na), yF)=T"yF)=1"y{F)
XNF: w(r)=yp(F+Nya,), py(F)= TzNZV/(F) = ﬁvlzvzl//(’?)

WF: w(F) =y +Na,), w(F)=T"y(F) = K"y(F)

27— 272~ 27

BH: A=e M, L=e M, Ai=e N —— I, L, I, NEH,
= T ll 7 12 7 l3 7 r L =
WRSINKE: k=—- 1+sz+—b3 —— b, b,, b, NEIRFTHEXE, BwE: 4, b, =270,
1 2 3

WFBERT, T,, T, WAEETURTN: 4 =", 4, =", 1, ="
BTR,)=T"(a,)T,"(a,)T," (a,) (FRTBIFRRE w(F)

T(Rm W) =y(r+ Rm) =1\"(a,)T," (a,)T;" (a,)y (F)
V/(7+Rm) — li"l 1’2”2 ﬂ.;n}l//(l_’:) — e”;'(mlal*mzaz*msas)l//(l—;)

FbL: w(F+R )=y (F) —— msifeE

BREBFORRMAUBHE: v(7)=e""u,(F) —— SR

REVISED TIME: 05-4-9 -4 - CREATED BY XCH
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p(F+R,) =" " u (F+R,)], w(F+R,)=e""y(F) —— WERMEMHEE
o RS RTAAEENIREN
D A=, =, 4 =" —— R EBIREHAHENEY

ik-a,

Ty (7) =y (F +a) = "y (F)
v(F) My (7 +3) SHURIGRFH TRBPBIHREH —— MERIBE—MUIRS 4, =™

2) PRREFAMEEBITH: L MNEORE (SBIRIHOREEXD, BEKR), TENHE
LRR, RIBZIBENEEARD,

3) WRBLRKANE—TMEBIKE: G, =nb +mb, +nby, ny,n,, n; VB
$$g§ﬁ f(}_ém) BSZK?E'{E eilE'Rm — ei(1€+Gn)-Rm , eilE-Rm — eil;-RmeiGnﬁm — ei];]?m

NS EBLOER k BB R ERFNMEE——XIR, BELIRE k NEUEREIZED,, b,, b, XA

BERIERYD —— E—HEMX, ER: 151-(52><l53)=(2g)
b,
BLURK k WEETE k,SEJ, j=1,2,3
791?:1—115 g b Bl <l.<—L, j=1,23
N, N, ? N,°
. /
BLIRK k BYEY N—lbj j=12,3
1

BUOREE = b+ 25, + B ek sig s WSS A TS
Nl N2 N3

1 1 - 1 -. @2r) @xn) - V.
=N =} Q. b (—b, x—b,) = = —— A
FPMRRBVER: N (N2 2><N3 5) O v ASEE : 2n)
BAHBERXPEUEEHEN (2:;) %=N —— SBEDRENHE.

REVISED TIME: 05-4-9 -5- CREATED BY XCH
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§4.2 —4HFIRHPBITTHINEEHB TN
1. RIS

—HEHEEMRE: FEPBIZINITFHRMEEIZHIER, WE XCH004_001 Fim. REF
M RZRREN EASITN, TUBBHNPIERBESZENSG: V =V (x)

—— BEAMBGERIREV (x) -V = AV IERRTRRIE,

1) %Z&EM—F@%E@I IE\E%*D%Z@@ V(x) \/ Potential Energy of Single Atom
Periodical Potential Energy of
Atoms in Crystal

—— B DT WA

(|1I-2]a (“]] )a na (r|+ll)a (IHI-Z)a (|1+I3]a

1) . . . . >
EZE— SO N MESERNSE, SENSE: X
L=Na, Hba N@EEEH. /\ /-\ /\ /-\

nod -
BIEMT: Hy=—————5+V Atom
2m dx XCHO004 001
hZ d2 0 _
BN FOEEESR: ——— o+ Ty = E%"
2m dx
o T =] =504z 17 YRy v 0 1 ikx 0 hzkz 7
PRRN@METIEEnV SBRSTOR: v, (x)=—=e", E =——+V

ﬁ 2m
@A%%Hﬂﬁ%@%,k%ﬂﬁ:hﬂ%% Ry,

1 i N — L
——wﬂﬂ=ﬁfmmEE&B—%%#:ﬁﬁﬂd&:@k
0

2) WML NI HREEAEE

n d’ o
. H=H,+H', H,= . H'=V(x)-V =AV

(Xl 2 E
- 2m dx?

el

RIBRRIRIG, BIOREEAEE: E, =E +E’ +EY +---.

—REERIBIE: EV =<k|H'\k>, <k|H'|k>=<k|V(x)-V |k>

REVISED TIME: 05-4-9 -1- CREATED BY XCH
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L
1 — 1 , 1 . _
EV = [=e™ W (x)-V)=e"dx, E = eV (x)=e"dx-V, E" =0
it e A
<k H'|k>[
TIRASSIBIE: E(Z) Z%’ Kbk #k'
k' Ek _Ek'
_ 1%
<K'|H'lk>=<Kk'\V(x)=V |k>=<k'\V(x)|k> —— <k'|V(x)|k>:zIe"’(""k)"V(x)dx
0
NE) 1 & i
BRIBUASH: <KV (0)[k>= f e KRR ()

SINRDEZES, x=C+na

R RMNFHAME: V(E) =V (S +na)

1 N-l —itk—k n+l)a . —k)e
<K @k>=-F e v (M Ry () dg

n=0

< k'l V(X) | ke >= [é fe—i(k'—k)éV(é)dé:] .%Z[e—i(k'—k)a ]n

n=0

N-1
) k'-k = 112—7Z : NZ[e_"(k'_k)“]" =1

a n=0

27[ 1 N-1 o 1 l_e—i(k'—k)Na
i) k'—k#n==. —) [e"* ] =

a N = N l-e

1 l_e—i(k'—k)Na

. / A N _
Rk Z%(Zﬂ) Mk :%(M)ﬁ)\ﬁ—éu. NW_O

Kk =n2":  <I\V(x) |k >=[- [e v (&)ag1=vn)
P 2“ a
F—k#n " <k|V(x)|k>=0
a

V(n)= % [e " v (&)ds ——mmH Y (x) 08 n MERIHAH

REVISED TIME: 05-4-9 -2- CREATED BY XCH
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k'—k:nz—ﬂ.i <k"H"k>=V(n) B2k> Wik
. 2a , E'= : +V, E) = : +V
Kk #n"Z:  <k|H|k>=0 " "
a
<k[ﬁk>2
RAZREEBBERE = Z%
~ E'-E!

g3 EP =Y

2

h2

n

2m

2712
* ARG ST £ = 7+

3) T T BT 80K ERAL

Tk =+ 2y
a

2

v

n

2
2 " ;[/8 —(k+227)]
m a

BIERRE: v, () =y, (x)+y V(X)) +y P (x)+--.

<Kk'|H'k>
BEse—REE: y =Y >0 stk
E'—E°
] 27[ 1 1
K—k=n=Z: <k|H'|k>=V(n) . o
% 2" L Bl =TtV B =+ VRAL
K~k #n " <k|H'|k>=0 " "
a
V 1 itk+2722)x 1, v, i2zlx
i’ =2 h . ﬁe t ‘//19)=Eekxz > e
" 27[/(2—(“*27[)2] "
m a

T — e+ P or)
m a

* H‘)\ﬁﬂm@%ﬁgﬁﬂw l//k(X) — _eikx +Leikxz h2 Vn ei27r;x

=]~

I Tk —(k+ " 2n)]
2m a

V iZﬂ'ﬁx

n 5 a
C

1.
v (x)==e" {1+ —
L Pl

Tk — e+ " ar)]
m a

REVISED TIME: 05-4-9

-3- CREATED BY XCH
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V i27rﬁx
‘9:1@(x)zl+—§ . z p e ¢
kP —(k+—27)7]
m a

JRUER u, (x +na) = u, (x) SESEEEAR A

| .
eu, (x) —— BIHRRBEEHSHRETL R

W, (x) = E

* BT REEMBIREN

1 o 1 - V i2nlx
1) EE,%—}EZ@%I%%S{EE}‘BZ l//k(x):_elk\+_elkxz - n e a
|2 Al i S L
m a

I # \
———%—m:ﬁfw%ﬁ%%k%%ﬁwﬁﬁﬁ

o — 1 thx V i27z£x b =z 5
— B Y . et e S e R

oL Tk —k+ " 27)]
2m a

—«fﬁ%ﬁmm&%kEk+gzﬂ

_ V, B BT R B0IRIB.

2
L[kz—(mﬁz;z)z]
2m a

HRABRES L S R B EANE —— ¢ @ =™
K=k+22z=—k, k=-"2

a a
@%%A%ﬁﬁﬁ&:ﬂ:%?:%i

2a=nid —— MAIRBKGFRHEEAFTRNER (2asing =nl)

REVISED TIME: 05-4-9 -4 - CREATED BY XCH



EW4ES FE FWE REFER_20040920

FERTOBRT, BERRREE: —— = o

h—[kz —(k+"27)]
2m a

—— WN—RBEINKK, MEUEARBERTS.

ii) B RRYERAEZBNEEIER

1 ; 1 ; V i27rﬁx
My, (X)) =—=e"™ +=e™ 2 e < glUBH:
L)L Z":hz[kz—(m”z;z)z]
m a

| _
ERRNBRERE Y, (x) = ﬁe’kx BEANSTEMIEE TN TS IR R

1 itk+Z2m)x S\
w;?v(x)=ﬁe”‘ T TEEEE), BANBHTA
—— k=T k=k+l22 =" BARGEEEENES, SHTRIMNEE.
a a a

* BIREENRN

2

%

n

“REERE: £V =)'
Lk -+ Lor)
m a

W2 = (h+227), k=—"gg: EP > tw —— BINEREL=— o HRAHK.
a a a
2
BFk=—""F0k'=k+0 = "L HIORTRTOENER, Bk SRETN.
a a a

4) BIEEk = —% BB AR
THHEHRAD, BREBEIERNS MRS,

MRSk =——L(1-A), RbAR2—N\E, A XCHO04 002 FiT.
a

REVISED TIME: 05-4-9 -5- CREATED BY XCH
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2nrw

BEAMRGD, TEETBYRORS: K=k+ 2, kK="21+A)
a a

XCH004_002 J
0 2152 ypoc = M &%
/\%fgﬁfuﬁﬁijteg/ltu\b\k —_(1+A)
a
—— RBEPREEIG, !
I

i |
BB w(x)=ay, + by, i i

. |

\ !

) - nT_ nm nw nw

HEP(//,? 1 ikx 0 _L ik'x ——=—(1-4) O +TT(I+é)k

=x=€¢ , "= e a
AR
B RENERIEHTE: Hy(x)+H'y(x)=Ew(x)

n d’ -
Hop:, HOZ_%dxz , H'=V(x)-V =4V

soog, o TWI=EY]
(1, + 7wt = B

B3 a(E; —E+AV)y] +b(E, —E+AV)y,. =0

DAY, * Ry WENT R, xR, FRE: <kAV[k>=<k|AV[k'>=0

) e (E}-E)a+V,b=0 V,=<k'|V]k> L
BRI PLIMAESE: . — . B REN
Va+(E).-E)=0 v, =<klV|k'>
e E}-E TV,
—— a, b BIFBM, RHITIRNEE: | o =0
' E\-E
BEEAE: E, =%{E,? +E) i)(E,? —EV? 4 [y

Vn

i) ‘E,f —E,?‘ >>

BrkE- T aE, B3 CRSNAESIDRS L EEEIB A,
a

REVISED TIME: 05-4-9 -6- CREATED BY XCH
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2
1 f
Et =E{E£+E£,i(E£,—E£) 1+W}
2 2 2 2
Ay aly 14y
R+ - % . RGP +——5 rlt——">
(E.—E) ~(E.-E)) (E}.-E)) 2(E, - E))
2
. I
2 k' 0 0
E =m0 BB e —L > - e =By
£ Ty TR E B T (E'.—E°) + 0 |V|2
E/\’_EO_EO

hk:—%(l—A), k':%(HA), A>0 , E’>E

kA kKRR REEFRNERE . RRERRSH KRS, REERBREL k Mk,

—— &3 NFP, EREUERT, MMEEXNNER, SERKIRSHEERS S, RKRIXH

i) |E} - Ep| <<V,

~ 7 N n” AN PANA—] AN PN —] [=1P/

BRRKIFBEE-——, B3 KRTHREERE KEEEZERIR/N.
a

(Ey —Ep)’

0 052
1o E B ©) R

0 0\2
. }’ >|,% 1+(Ek _Ek')

©)

V}’I

E=%{E£+E,ﬁ’,i2

n n n

0 042 0 042
1 BBl LB B
4| 24

(B —Ep)’

E

:%{E,?+E,?,J_r2 }

V.i+

+
n

2712 2712
hk=-"Ta-Ay, K="Taraya g =1 _Ik
a a 2m

2m

+V, E}

REVISED TIME: 05-4-9 -7- CREATED BY XCH
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2
E,?,:I7+2h—(ﬂ)2(l+A)2:I7+TM(I+A)2 B oo
=L P mod , T, =—(—) —— B3 mks
a

g _ 2
B =7+ (1_AY =7 + T (1= A)? "
2m a

7 FRINE, %{E,? FED 2 ,

n

_ 2T
V+T, +V [+AT( V" +1)

'/f\E' | E+ — n

SE E.=q a7
V+T, -V, |- AT (=%-1)

* BSRDWT

i) YD&) XCHO004_003 FT/m. BIPEIMBMIEERNSREE, M TEERINEVRT kA0 K [it/a,

= R 7 &b = 5 (Hy 0 I=R1=F—% e A—1 \ 0 =
BEETNE, and E_, [RREESIRTY,, EERS; RRESEMORTy,, FEERE;

XCHO004_003 \ E (k ) XCHOD4_004 E(k)

nT  nw nrT nw M
ALy PR P e PR
a a a a ( )k a a

i) WA= ORY: E, =V +T,£|V,|, B XCH004 004 @HT A>0, A<0 RIS T2 XIFRA

RERE. BPBY AF0C. BAI D KERE—RT. BAEMNEBMA>0, A<OFEHHBA = 08I ER
BEO

2. BERADTHRR (BBHH)

EZRaMP, BFIUBEREBNTS, HEEMEEBDE NN,

EIEHBFELURED, B3k K?f%n sy, S KRSEEERBNETERT, Bils kiR

THBREROER, DBR: |[E - E)| >V,

REVISED TIME: 05-4-9 -8- CREATED BY XCH
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2

7

n

hk?
2m

KINSHEEE: E, = +I7+Z‘ 3 , JUURBB AT ZREEEBIE,
e~k o)
2m a

+V —— RSB NIIL.

%@%mkz-gnmk~—§nﬁw%%w;@E—ﬁkzgnmﬁ,Eﬂk:—gnWﬁ%EWEO

—-I%Eﬁﬁﬁ%$,RHAE=%nﬂk~—%nm@E¢%%mo

v

n

BT B EAME A BRI, @%B’Q’ﬁ%%zﬁﬁftﬁ?ikzign%%ﬁﬁ, REEMRTN: 2

WISeRgaR: £, =2V,

B3 RKEkBEE: k=1—

Wk?
2m

SHF—P, B—IPEInk, HESAMHEE, = V., SNRKK, E, MREES,

FEESRRERND RN —RIIBVEET.
* SROITIVIL XCHO0M4 005 p (k)

1) BH2 F—DEEHRS, e E, MEExy 4 ; -
BRANTH RO EEBOM% 2=~ \ | L.

B—PEeT L8, AE2 E_FBEXURK A 8% /
WO N EMeYL%; WE XCHO04_005 7

o
BT Bz
| SEm - |

2) BB R KA EIR KB D a k- @@ a

popi2Z g l4r 16z 187
2 a 2 a 2 a 2 a
3) MBWERE: E, =2V)|, 2|, 25,2, | AT 2B D BAHRER.

REVISED TIME: 05-4-9 -9- CREATED BY XCH
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* fE R—RRMER

EHBITHRERMYEE: E, =

7T SNSRI AU, BB AR RN (—g, g), (—27”, 27”), (—37”, 37”)

RERBRE, FETHE: E, =2,
BUAEIERO S CRER T A0REABIE .

;o VR, AIRBHMERNXINR, TEHBS

, 2,

, 2,

NTBMREEB—TEITT, CHREETYHRERSGT. RATEETCHRASB K, B&K
PRIBOVHMBBTLRAE, RELEF/EREE, XNERWEESDMITM T —RIIHIEET
E\(k), E,(k), E;(k), -+ , SEEHZERET. ATENGBAEDP, BHNREDIFIIRER.

XNT—HRRIFEB S BEWRS. BRI NRK k BBEAIM B XBIXIR K AU R IIFRR.

s s K BUEE k AR HBWX
2
E,(k) .z i E—RBWX
a a a
2 2 2
E,(h L2 ELAR e 25— HBWX
a a a a da
3 2 2 3 2
Bk  -EaoE LR = F=HBHE
a a a a a
k=127 Ak=ANZE L A =N ks kAR SE K 0K
Na Na 2
. 2
S MEEBTIREY k VEVESE: Ak ="
a
“ . Na 2r PN w
S K NBERE: <= N —— STFRADRBHNE
a

—— WRIT B, §TREFPEI 2N TMEFTDo

REVISED TIME: 05-4-9 -10- CREATED BY XCH
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* BFRANEBIHELORKIXA

TPREMFMIEET ML (BLORE, MEHNL ) NBFREL ZANXR:

BOREL MREDSE: -2 ~L (B—HEWX)

a a

%%ﬁ%k%ﬂ%:hﬂ%&———ﬁﬁ@ﬁ,IW%@

o) _
T—ERD: k="Zm+k (mWEH)

a
EESRIEMELP, BIORBE y, () ==+ Y ¢
I L —(k+227)*]
m a

. 1 V i27rﬁx
—— GUBH: y, () =" (= ‘

1
+_Z 2 : € )
JEOL T e e oy
2m a

i 1 V i27rﬁx
wﬁm=é“m@3,wn=7fu§j# . e ¢) —— BISEEAMRE
I Tk —(k+ " 277

m a

2 _ ) iZmix ] 1 Vv 22" %
Bh="Tm+k RN, BE: p,(x)=€ ¢ (=t=D — . e )
a SR
2

Ak — e+ 2]
m a

2z

Tx i—mx 1 1 Vn i27rﬁx
y(x)=e"[e “ X(_L+_Lz 2 . e )]
T T " —[kz—(k+—27r)2]
2m a
z. izlmx 1 1 V i27rﬁx
l//k(x)zekxu(X), u(x)=e “ X(—L+—LZ 2 n e ) S B BR BRI
L)L Tk —(k+ 277
2m a

—— MEBFIRRUBLIRINRR, BTEFREED PR EENRSHEE.

REVISED TIME: 05-4-9 -11- CREATED BY XCH
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* B RKRTER

n’k

2

v

n

ITEBHBIEMRED, B8IF0NER: E, =

2m

2
NN
Zn: n’ 2 n 2
¢ — k" —(k+—27)
a

e

2 _
—— k=L k, m REH, UNFARNEER.

a

XCHO004_006

RNBLRKIOEEREHIEBLIM
BHX, RArdG—REFEREREA:

Eare

) EETE—TET (BEHminS)

2) THELREL R4

S

FREHUTELOMERNX, BEY

2
B BT IS G, = h =2 3L
a

MERX, XFE—TREmEBAMERXEESENER, SEMBETEEAMENXNBE,

YE XCHO004 006 Ff7o

BRI NRR RESATREHEEBORE k RS ZENBERIE. WF—RH k (TEMH
BHNF) XLRTENEERERAK, MISHEITTLUNMRNHEDR, KA.

BLEEK =0 and k =+ 7 REKSE, BEMESERNESOING, SBEIMIEBILE
a

e, BREROEL =0 and k =+—, REEHEZFHIER

QN

— 7. WE XCHO04_007 Ao

* ARARIRETDIRRE

S I
SRRRE Y, (x) = e “

=

E(k)

XCHO004_007

E,(k)

v

E, (k)

N/
\%

2z E' (A }
& 272- PR 78 0 ikx l '
Rhk=—m+k CABE: v, (x)=e""[=e * ] L >
a )L @ 0 Tk
—— SHABLIRKRKRMEET —F, DIUEHKREETWM— e
REVISED TIME: 05-4-9 -12 - CREATED BY XCH
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§4.3 ZHFIRHPBITTHINEEHB TN
1. REAREA T E

ZEEREPBTZINTEREBRNER, REFHIEBZORAR)\ EFRBLTM, JUUA
PN TIIERBEI LR : V =V (7). BERESHERREV (F) -V = AV {ERRHR
H,

hz
B [~V V(P () = Ep(P)
SIBBIIEBZRE: V(F+R,)=V(F), HDR, =ma, +ma, +ma, —HAIRIESoEE

v SN TR NEBORRY ——DEF P FORBIRDM

BN =N NN, NRIEENERE, FR: V=N, —— v, RIBFR
n’ _
BHAMNT: Hy=——V>+V
2m
n’ _
BEEISOE —ﬂvzwo(F)+VWO(F):E°y/°(?)

_ — | R [ -
FRRMEEIEREH )V BBHITNR: v (x)=—¢"", El=—+V
V 2m

~ _ b b b
SINBHAMSAREMD, k BVEYE: k:l‘Vll+12722+l3V33

1 N ’
pi(F) = =" BRIERIZ—HFEM: [y) *yidF =5,
Y ;
v WSS MAEBIIRRH (BHBSIFNER),
h2

ﬁﬁ%%%%:HzHyHT,E$H¢>5—V“Wi<H=Wﬂ—7=AV
m

REMARCOER, HAMINCEINES: E =E +EV+ED 4.,

REVISED TIME: 05-4-9 -1- CREATED BY XCH
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BFIOREE: v, (%) =, () +y () +p” () + -
—REEBBT: EV =<k|H'|k>, <k|H'|k>=<k|V(F)-V |k>

1

.

V

1 . _
EY = |=e™[V(F)-V]=e""dr, E’=0
k JW k
k'VH' k>
E'-E’

k k'

, RNPk'£k,

—pamEE. £ =Y
.

<k'\H'|k >
V/”Z | H'| 0

B —RIEIE E' -

BERETT: <K'|H'|\k>=<Kk'|V(F) -V |k >=<k'|V(7) |k >

<K'V (F)|k>=

V
1 j e Ty (7Y
V 0

F—4ERNBTSE—HE, SIANRDTEE, 7=

\ﬁm
’qu
3

<K'V (F)|k >= [ije_iuz-_mgl/(éz)d%z]_%Z Si(E-R)R,

Vo o "

_+]'2b_2

] == _ —_ —_ —_
+I'y—-, R, =ma, +m,a, +ma,

alch,, _ogl2Th,, 2Tl

Ze—i(E'—E)-Rm:(i€7 N, )(Ze N, )(ze_ N, 3)

m m;=0 my=0

. I'—
%iﬂq] }V : =n,

:nZ’ N I’Z3, I’Zl, nza l%jj%*ﬂ

=ny, D= PERIRRR Zeﬁkﬁzo

REVISED TIME: 05-4-9 -2- CREATED BY XCH
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pog=lilp Lohy
NN, TN,

b,, k'-k

K@) k=L [ (@aE =7,

Vo o

I, - _

];vv

<k'|H'|k>
BRHN—RBE: py=>" o| |0 ;
= E'-E!
| V -
(1) ik-F [} n iG,F
v == Qe )
WO e,

—— BAR, -G, =2x(nm, +n,m, +nm,)

V() =%e’ W

ik "7

ik7 iG,F

| o _
—— ity = —e”‘"(Z‘ﬁe’Gn") PFRE—MERER,, BIMANRKIERE.
n k - k

¥

k+G,

—— RARRHTUSHE BRI KR0S S E M R EBIFRR,

LN EIEE S R TORTS & F0k'=k + G, NBRAEBEEN, —RSIERRER KR8

FBTIH Ko

— i =[f+G,|". ==a, -(1€+%Gn):o

Y0 XCHO04_008 PN AR BRI BIZR N

O G XCHO004_008

XCHO04_009

Ci

AN

AF

‘,'\ '

b,

A

&

XNF=#&S, RREABRES VOB LUKMIIZNE, FBHMAAEER,

W

REVISED TIME: 05-4-9

CREATED BY XCH
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MBI SBOOYERSZRIE, 08 XCH004 009 B, A AMSHEZEREG, = b, SR

82188, C,,C,, C,, C,IEBE— MR, SRESIEE. RL=4IBH0, BHINHET
BT
. . . . D ®
2. EMXFE™ Brillouin Zone |
o & i dwe
7 k DA SAEREADANESENEEE, T Bl oner
0k REANEINFBXE, EENEN E ~ k RELHT N Méi;m
), TIEXLRKINENTE LA E(k) BHERT, X o o
SRR EMIK. Q0 XCHO04 010 NEBIIH BB k
I AR S, e e e e

BTFE— M mERNXEREN— TS, NENAMERNXNTABNEET, 88— mERXEUR
RAEQ, STAEBIRBOER, STREHFHNESTHE: 2N (tABR).

E=HERP, AAHO AESKTTHEEARR, XBEB/ARNETREES.

c/ kK E(k) “\\* E(k) v//’
E.
o ATB * \\3 fﬁ// é
I 5
) & | k chmmiu” o ; g

0B XCHO04 011 01 Fii, E—HmEBRXE Kk SO LEEERER A, KAOFEERESM C. CR
HEEEE _MENMX B me. BEHHNESEIE)NWE XCH004 011 02-04 B,

XCHO004_011_04
ER) [ - =

v

E(k)

REVISED TIME: 05-4-9 -4 - CREATED BY XCH
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BEEEk RTEENERS: k=k+G,

8 E,(F)FRRSY (F), WARNIEETIETH— 8.

3. J1FP& B a0mE X Reciprocal Lattice
5]
) BERIHES : 2
a
a,=ai,a,=aj,d, = ak
bZ

_ o o _ 27 0] ==

migsmEh =220, b, =27, 5=k 4 b,
a a

—— BRIOES First Brillouin zone XCHO04_012 01

F—MERXNRRA 6 MIPBBRNEEFOBEMIILOE. WE XCH004_012_01 A7,

2) RIS

RIS SBRERES: 4, —g(—z +7+k), 4, —% i—j+k).a, =§ i—j+k)
= 2T - - oy 2 - - o 2 - = w4 N
BsEK: by=—(j+k), by=—(i +k), by=—(( +j) — BEK—BEINIISBS.
a a a a

F—MERXNRRA 12 MEFIERELNES F D BEMRBET K. WE XCH004_012_02
e

XCH004 012 02 k, XCHO04_012_04 H  First Brillouin Zone
for bee lattice

FINTAHBITH—MBERMX SHEWRIC, WE XCHO004_012_04 F7ro

3) BINIABS

REVISED TIME: 05-4-9 -5- CREATED BY XCH
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BITESEEESE: 4, :g(j +k), @, = %(E +7), @ = g(h 7

BIFRSE k- 15]=2—”(—i+j+1€), 152:2—”(f—j+/€), 53:2—”(?—j+1€)— m&“—”eg{zm\
a a a a

AWWaL S

L ] - c g
XCHO004 012 03 XCH004_012. 05 [ First Brillouin Zone
k. for fec lattice

F—MBRXNRHA 8 MERIBRELNEEVOBEMBIE/\BIE, FB10HEY 6 TRENR
BRELNESYOBEEIE/\BARE/N A, A 14 B /\TBRENADE, N TERENR
o WE XCHO04 012 03 ffirmo

—— BINIABIHEBINENITIS, ES—mERXN+IOEE.

BN HBSE—RERXZIEORIC, WE XCH004 012 05 FimR. B@EH B M X P ELXIFREFD
ETXRMBLEAREERNETZITE, XELRBIRSKHFSWUT:

=1 27h
FAEWXES T . 7[000] 9 f:uf)[ﬁ(Tﬂ A
NHESDNL : L1
a a a

EEREL X - X (2F,0,0)
a

IX 9 A%, BD(100) /5@

TLith A, B11)5E - -

A axis
XCHOD4 014

—— RBLOMU TR k BABLIMENRKX, EEENHERKR, WE XCH004_012_014 F7R, 2
MEE 56 A SR,

REVISED TIME: 05-4-9 -6- CREATED BY XCH
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§ 1.4 BRS5E

—— IBHEFRUPREFHEBRIZENRR), JURESBERML, N—LEBUHEFIN
RET S RAVSRIN SR BABT B,

—— BESIRNERDP, ERIZNE, ECRSHEREFRMERZREVYERE, EBFTKA
BB RREZINRKA, ERRNEATHRIR. BRBHNERSIERRIRNE BRI B,
—— XFHFPBININREERER

—— BRI RONBERBIBEETESKOELE, EREETISOIEN, SANEEEREEN
BIR2EXHERRE, X MRBHBEERMIUGES. BEAREORRMUBRRE, £
TR 2B KIRE LBV ABF0FE RS B HYR IR o

- SEPNBITORRE: v, (7) =) Cx(k,7)

2.k, ) INRB SRR O, >= FR o (7~ R)) VRIS

1
W
M
- ESUTEE: 2,k F) = +G >-> o, >
=1

‘E+Gi >= e o ‘@j.k >zﬁzl:e”€'klgo;”(? -R), w;=< @j.k‘1€+éi >

1
VNQ

D, >< @.k‘lE+ G, >

J

R N R M
ERHBRIERTAURTN: 7,k 7 =[e+G,>=>
Jj=1
HPBpERs: P=) |0, ><d ]
J
@it: 7,07 =01-Plk+G, >

- SEONBIERRY: v, ()= 2. C(1-Pk+G, >, y,()=(1-P)Y. Clc+G,>

%¢:2Ci‘l€+éi >

REVISED TIME: 05-4-9 -1- CREATED BY XCH
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MBS HRE: v, (F)=(1-P)p, BN EEE B HIEBE:
K’ K’ A A

—— Vo +V(#e—-[-—V> +V(#)|Pp + EPp = Eg
2m 2m

SW=V(F)- [——V2 +V(F)P + EP

AR A

Real Potential V(I‘)

h? _
[BRHIE: —2—V2(p +W(#)p =E@
m

Pseudopotential W

Bt p- Y C[i+0> A N o W

Electron wave functioin l}r/(l’)

2
B, W=V (F) —[—27"—”,lv2 +V(7)]P + EP

Pseudo-wave functioin (D(r)
XCHO004_020
n’ A .
BrN - [—2—v2 +V(F)P+EP=(E-H)P
m

(E-H)P=(E- H)Z\qﬁ ><<pjk\_ (E-E)|@, ><,

BB W =V(P)+ Y (E~E)|0, >< @]
J

= DT

EREMp =Y Clk+G, > BABH; BWEW WELBN;
2) BERHIRPW =V(F) + Y (E-E)D, >< D,
J

BEPBINEEXTNEETHREE: E-F,>0

REVISED TIME: 05-4-9 -2- CREATED BY XCH
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R S (E-E )@, ><®,| WHRT, M4 T EANEKRRSIBEY (), B HsRe
J

EFIIEHETRANITESR.

REVISED TIME: 05-4-9 -3- CREATED BY XCH
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§45 RREHE
1. BRSHIITE Atomic core

® o o o o
ERETNGENBE —— BIE—NRS (18R M P I
N, IBSIZRSBGOER, BECRS 85 © o o, © o

DFHRERSIESRMIL. WE XCH004 051 Fi7R. Electron

L J ® ® L »
— RERPBITHIRREAVTUBHR T HIE R R A

BHES, BIRSESNSAPEIETZINESR. o o o o @

XCHO04_051

w  LCAOIBC ( Linear Combination of Atomic Orbitals ): [RFHEBLIMEAEE.

MREESE, REPRE—TRS, FEZERRFTZEEEER.
BIERRN Em =m,a, + m,a, + m,a, MR SHHEH.
o BINRBTRRIE @, (F-R,) —— BIE—IINIIRIFD
PR RN [—h—v2 +V(F-R)p(F~R,) =20, ~R,)
—— V(F-R,)NR, BANRIEF gtz
—— & NBIFE—PRETHRER
—— FBREEREp,(F-R,).
- SR FRYRREREEEEISOiE: [—%V2 +UA)w ()= Ew(r)
—— U(7) hBENEEMER), BB RSTHHm 20,

RRBRID, ) [——V2+V(F—R e, (F —R,)=£0,(F —R,) BIERBREMSE, B

U(F)-V(F - R,) SIERHH.

- USRS

REVISED TIME: 05-4-13 -1- CREATED BY XCH
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EXHE €, -

HHRUGOPRTSE N MEHS (BINERDE: o,(F-R,)) QAMASTRSEDEI RGN
THEPRRE: w(F) =D a,0,(F—R,)

N [—%V2 +U(A)w(7) = Ew(7) NZ #53)

[—%Vz +V(F =R )W (F) +[UF) -V (7 =R, (F) = Ey(F)

By () = Ya,0 - R) RALEAEE:

Zm:am [e, +UF) -V(F-R)]p,(F—R,) = Ezm:amgoi(F ~-R)

UETABLET LEAN, FAERNe,(F - R,) SBRN, TUOEMAS:

[o; 7 -R,)p,(F-R)dF =5,, —— FEBRENEREFRERER

—— Do (F-R,) ZFRT72: ;am[e,- +V(F)=V(F-R)p,(F-R,) = E;amco,-(f -R,)
PR Y0, 188, + [0](F = RIUE) -V (7 - k), - R, )} = Ea,

HBEEE: Xa, [0/ - RIVE) -V - R, (- R, =(E=¢)a,

—— ¢/ (F - R,) B NOTERET, ERR N M BIIROB— i
T ERRDFTERMFLBEHK: E=F-R,
ZEIUF) BB[EMNE: UE+R,)=UE)

[o/1€ = (R, - R)IUE) -V (E)lp,(E)dE =—J(R, ~R,)

REVISED TIME: 05-4-13 -2- CREATED BY XCH
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BERNERRDREARSHEIE (R, - R,), PIUSIAZEJ(R, — R,) k&Ko

—— U@E)-V(E): BMBHRERS NS, MRAE, FitHR— RS,

Y0 XCHO04 001 £0 XCHO004 023 Ffio

A Ly XCHO004_023
V(x) \/ Potential Energy of Single Atom U(X) V(x) -
Periodical Potential Energy of
Atoms in Crystal
(n-2)a (n-l)a  na  (nfl)a (n+2)a (nt3)a (n 2)a (n- ])a na (n+])a (n+2)a {n+3}a
0] - = - - 19 :
AA x x
AVAVATAVAVAN /\/\/\/\/\
Atom
XCHO004_001 Atom

Fibl: - ;amJ(fen ~R,)=(E~-¢)a,
——  XFa, NFEIHOFTREMSEE, BN,
a, AB(R, —R,)HRE, Hig- zm:amJ(ien ~R,)=(E-¢&)a, BTUIBENE: a, =Ce™™
Ba, = Ce™ ™ RORS2RBST:
- —;J(Rn —R,)e P = —Z‘J(Rs)e”‘ﬁs —— R,=R,-R,
SRENBLOREL, v, ()= ;am(pi(F ~R,), Ba, =Ce" RANBHIRAEDBI IRRE:

th D

v, ()= TZ ", (F —

BEBAMEE: E(h)=¢-) J(R)e ™™

o SAPBEITIRRARBMSMHRETTI

REVISED TIME: 05-4-13 -3- CREATED BY XCH
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- 1 ik-R - p — - 1 ik -7 —ik-(F-R - D
>|%wk<r>=WZe%,-<r—Rm)aﬁz%js: wk(r)=we" [D e g,(F~R,)]
TRUES: [ e "o, (F - R, NERBIERH.

—— KBk NBLOBRR, THRERFEEARENX (E—HEMX).

L L
BREAMNREL: k=-2b +-—2b,+—0b
SEREMIEARA: £= b+ b+ 00h,

_ ~ . B 1 o -
k UEVEE N, 88—k BEXRRRE: v, (F) = WZe"‘ B (F—R,)

v, eilEI.Rl eilEI.RZ e”ﬂ‘Rw G _R )
1 b i 1
\ Wy 1 eﬁﬂ,e%&n-e%m (7F—R
BN EmEETs: | = S
Yy eilEN.Rl’ eﬂEN.RZ eiEN‘RN (Di(l_;_RN)

MEEBAEERZ AR : E(R) = - Y J(R)e ™"

—— NTFRIN- N REDAER e, SHEDBIHE SN RE
—— 8—MEEk BRI — BB MET

—— E(k) R — SR RE .

—— RIEORBAEG, BFRSEENEER— R,
- BN

IF [9/1€ = (R, = R)IUE) -V (D)p(E)dE =—J (R, - R,) TUSHY

~J(R) = [0](E = R)UE) -V (E)p(E}dE — R =R,-R,. £=F-R,

FRXD: ¢ (E—R) and ¢ (&) ETHEN(R, - R ) FMEAERE, AEHNRHE—E

REVISED TIME: 05-4-13 -4- CREATED BY XCH
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8K, ROZTHRB, BERTEMR: R =R -R, =0
Br2E&: J,=- [0 OWUE) -V EWE =-[lp [ WE) -V EMe

HREEDE R, IBEROUEK —— BRRRBISTNN, MRETIEE

RS NESMEE E(k) = - Y J(R)e ™™ mRRN:

E(ky=e-J,— Y. J(R)e ™

R =Nearest
v Bl HEERIIOSBPBERT s B e, (7) PREIRET.

S SOURRHRIRNIRN, TS NHAEERAEE, 8—1 RS J(R,) NRHEEHEENIE.
BJ, =JR)XRET — R NENRSEHEER
Ji=J(R) == [/ (€ =R)IUE) -V (E)p(E)dé

A s SEREENBFIR —— 0,(-F)=0,(F), WIUE)-V(E)<0

Rt J, >0
Simple Cube / k. XCHO04_024
e X
i : R
kld: a
- Te
/az e
0] i XCHO001 012 & K
(0B XCHOOL 012 . Bersmaasggs, (@00 (0.a0: (0.0.4)
B o B s R (_aa 09 0)9 (0,_61, 0)9 (05 0,—0);
-5- CREATED BY XCH

REVISED TIME: 05-4-13
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Cl_*ystal

PV T TR&GEER, Bk NSH, SEAEEETS—K

aE'a{ZFBU‘I N, Bk NEH, RRBESENEZRAE

, BEEAMHENITA E%ZCP, EXLEEPE—TIUS
E%EWB’J&U HABLE, RFERBAMIIREOXIR
PE-—TBIE, RARDE. FREAIMNIKRHUE
XCHO004 048 Ff7o
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FEE BB TEFEEG MG TEIED

A [QRRBVIRH

SARPHBIEINIAEER T, IMHT RSB, Wih. BARRBIDE, WOHABTHGE ?

WRIMH S BENBIHBLSETS, TURBTESEFRIERD PEMESNEMHITITE.

2
Afﬁ%—X%E%M%%H@%%ﬁﬁ%ﬁ%kggw+VﬁHUW:EW
A RS —— ERE— R TREI SRR SRR, TR ST

1B P SIOB SN UK —RBAE DT I 20,
RONBBEITERADER BTN — LEREZFOME.
§5.1 EZHTBI
1. RENBTRE

BE—— £EFNFP, NERBEHELMNNFAREA, WRY—TSLEERTBENIL, WE
EFNZPXNEHMB—REARK,

REEST NINNERE, NFHLIFAMNENERNERENE,

—— WIS RN T, BHER A7 SBEA, FHEEUEN hk, T Ak BSEER, 1960 S KIS 80K E.
—— DN RRFBPIL, PINEIEHE Ik, FRNRIS IS,

A RBEHIRKRE

ik ;_E(")
SEDIREHMSIHRAR, WEWE: v.(F.0=c " (7)
—— NEIUBITL, NDINGRE, k'=k,+k —— Hdk MARN

BB RELDERTN : u (F) = u,y (F)

FBEeR E(k) mRPERRTT: E(k) = E(k)+k-(V,E),
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k
_ A |7 A
k WEUEDE: ——<1k, ;<=
2 2
kZ
A2 A/2 A2 == E(kgtk)
N R R i[(ky+k)F— 1) R
REWRE: w(r,1)= Jdkx Jdky Idkze "o (7)
—-A/2 —-A/2 —-A/2
i‘.;,LEo)t A/2 A/2 A/2 i Fﬁ(VkE)kot
pr0zu e 0 [ dk, [ dk, [dke "
‘ —-A/2 —-A/2 -A/2
, 5| a2 A/2 A/2 i];,[F_(VkE)kOt]Z
BIOBEBENTRHC w0l =l P | [ dk, [ dk, [ die
-A/2 —-A/2 -A/2
1 OF
=x——(—), ¢
u=x h(akx)""
Lo p|sinau/2f [sinAv/2f [sinaw/ 2" | OF
7.0 =u. (7 A — HP Jv=y——(—), ¢
w0 = O 55 PRz | [ | i
1 OE
=z——(—) t
w=z h(akz)""
XCHO005_001 Sln Aulz
inAu/2 _ il
SRS~ B34 E0E XCHO05_001 FT (N Au/2 |
Au/2 \
Wave packet
2
RENRE u=—=
N4 - 2 —_ 2 6
Hu=v=w=0§: |l//(r,t)| = “EO(F)‘ A
=2n/A +27 /A
1 OF
0= G
. 1 OF _ 1
prg=isl(R y0=%(£)kol, %:E'(vkE)kot
1 OF
=—(=—), t
29 h(akz)"°

. _ 1
RBRABH— VT, UHFDRE: v, =—(V,E),
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mnken: <k s%, E%—zﬁ@*nz(—%, %)

2 2
5. A<l auf»a, BELEATERE. EX—NRED eI BIER RS,

a

2
4TS MBI MERD, EaHRA ﬁ“fz_i‘o BT HIRE NS 72 %Zkﬂm,

BIURERA, RENEENENEREEHBINEADTH, WE XCHO005_002 Ffr.

XCHO05_002_01 XCHOO05 UU.?_ 02
(a) v (b)
E
(=n/a) 19) k  (+ma) (-w/a) O k  (+n/a)

2. EONIHER TRSEN A ENE

SMBHF WEBSHEL): dE = F -V, dt

BIEEBNLEdE =dk -V, E, V, = %vkE , V.E=hv,, dE=dk -hv,

d(nk) 7
dt

IRIBTNEERIR . F v, dt =dk -hv,, (h%—ﬁ)-vk:o, TLAEA -

d(hk)
dt

H— =F g, hk BEEM8MNMR —— &8

_pgdmv) d(mv)
dt

3. IREMNERRE

d(nk) -

BIREEHERAL: =F
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1
B HIRE : ﬁk:%VkE
\ - 1 E(k)
E\ =3 NS - = —
BINRENE: v, "ok
. dv 1 6E(k)
E\ =3 \gl —Z =
BIFNNRENE = dt(h ok,
dva_lzdkﬁ 0 aE(/E))
dt  h% dt ok, ok,
d(hk,) _ 1 0>
e | F k
§— = F, KR =3 ; s E(k)
0’E O’E 0°E
., ok}  oOk.ok, okok,
_ || 1] @*E O*E 0’E
EIREDERMERKT: |V, |=—
BILRE S B ABIEFERET D e ar ek
€ ’E  0*E  O°F
Ok, 0k, okok,  Ok:
v 1 -
SHMERLR: —v=ZF
0’E O’E 0’E
ok}  0Ok.ok, ok,ok,
0’E O’E 0’E
BINEEWRSE: —
SORENRE: O Gk, ae ok,
0’E O’E 0’E
Ok, Ok, okok,  Ok:
2
af 0 0
ok
. el 1 O’E
WRFk, k,, kb BEKETHOOL, B e 0 7 0
y
2
0 0 6’f
ok

CEE R
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2
hz/gklf 0 0
0 0 x
N e T , 0°E
HERERHKE: | 0 m 0 =] 0 A/TS 0
0 m ! O’E
0 0 w/Ss
ok
O°E 0°E O0°E
o ok ok, okok, N
K 1| 0%E &°E O’E £ Ve =
W | v, |=— F | 2587: <\mv. =F
TR | akok, ok akek, ||| 5T 7y =
s cE o oE |\ m.v, = I,
Ok.ok, ok.ok, Ok’

BUKER—TKE, m,,m,, m. —BI0Z, BEDREINIHEOTURG,
A SURENFR
ERRBEMT, WLBRIIHBS s EHHNBERRE

E*(k)= & —J,—2J (cosk a+cosk a+cosk.a)

\ - O’E #0, a=p
TIUWIE: k,.k,.k EREEWOEL, 05 =

Ok, 0k, |=0, a=p
2 2
m, = # 2 f = h2 (cosk a)”
ok: 2a’J,
BEWNESE: m —hz/ﬁzE __n (cosk,a)”! —— BWMBEROIRE
= ok 24, AT
2 2
m. =h’ /6 Z;: = h2 (cosk,a)™
ok: 2a’J,
h2

HRHES: k=(0,0,0), BMEEm, =m, =m, = S
aJ,
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%

m, 0 0 2 1 00 22
BURSKEANN—MFB: | 0 m, 0 |=—5—|0 1 0, Fm*=—m—
| 2a°J, 2a°J,
0 0 m, 0 0 1
[, e T 7 T T hz
EREHTNE: k =(£—, —--ﬂ BUEREm, =m, =m, =————<0
a a 2a°J,
hZ
m =—
24y,
Eh=C0,0) GEHXWEPLE X R, FHES .
m, =m, =—-—
Yo 247,
m, 0 0 -1 00
IO " n’
BRREKE: | 0 m, O :2fﬁ 0 10
0 0 m 0 0 1

BERPHHEHXBTHEURE— KRR —TKE, BRANRH. £—TEEHEILHI, BRRE
/'LEL'\IEEJ—_EBQ %E m]ﬁ%mjﬁ ﬁﬁ&]ﬁi/\_’\EJ\HU

EXTEFNMTE—TRENNm* (RA) BIES,
BURE m* N LN ? BEBITNEIHXNXZAEINER N2 NG, MESEDPBIIE
N
2
BI2AND, XZ2SEEEUBR NIERNEi. £ E,(k)=E , + 2h—m(1 +%)é7€2 b, RE

n

EAMEA DEVERISH RIS PEIHREP K S, Flim*£m,

BIESEPTE), BYSKRIHEHMRIRNE. WRBITNESBIRBHNERNTTEEHEBH,
Wm*>0; WRBFTNBBIRENNENTTHLLRBHNNE, Wm*<0,

—— BARPEINHERN Ik, HESHERALSIENNES, ME hk R hEERFNAITE
—— FRhk NEHE OEHE)

—— ARNESRAPBINETIR, SINBSTHERRENENENTRETRASHHRIRASE.
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§5.2 IBREBIHER NEBTHTH

—HERREFUT, SHRPBFTHEEERAHIER TEGEME
—#EXREEMT: E'(k) = g —J,—2J,coska —— FHiTEE®
BT ORE: v(k) = ;dfg‘) v(k) = 201% i ke

EWEE: m*(k)=h ( )7 — m*(k)=h>(2J,a’ coska)™

di®
BLIMEBINXEES.
XCHO05_003 Efk)

m*(k) XCHO005_004

Ar/""'\

v(k)

=/a

+/a

+2r/a \

E(k)

B3 HIREAE LI 2R RUWE XCH005_003 .

ek

A~

/

(—ma)

hZ

TR A =0 : BWRERNIE: m*(k)=——
2J,a

hZ
2J,a’

FRERINE k= +— . BRRENN:

*(k)_

QN

—— EINIDEBIAHER NS BYG)

BB NF =—qE (EBkBNHEA) B kHNESD

e @ _F @37 k SRR

»\Ei(k) =&~

—2J, coska GUBEB I NG IKITRITER —

—g

NEETA, B

(+n/a )

REVISED TIME: 05-4-28 -1-
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k ZEB TR EBHERXERR, WE XCH005_004 F7.

k TEBFEIBBEL (L911) MEBRXERR: BFcuhBmE) *IEL/??\k—— BFhk=2"15

a
=—§¢a%¢ meek_z— REF—RT, ﬁﬁuea%wﬁ@mmm:g@ﬁwﬁ. B8 M
k= —% BENHER, B3I k TAEIREE,

A REBNEOVRS

2J,a . _
MEBFHIRE v(k) = hla sinka QJLEH, # k REBIFHENCE), REBNEHIRZZ M,
[ZSpp) h;’;k =F, k :%Ft, v(k) = 2J,a sina%Ft

% =0NBISEETKIL=0, m*>0, INIERFEBITIR, RE v(k)IBK;

2J,a

ik k = *(k) = h*(2J,a* coska)™, m*(k)=>w, v(k)=-29 —gx
T 2J,a e
> N, m*(k)<0, v(k)< P BFUBIRIGEH
VA hz A Ly
Bilk=—: m*(k)=-——7, v(k)=0 —— FXREHINE
a 2J,a
2
EEEFm*(k)=—2;la ShEER BB R v(k) < O
1
k=", p(o| R, ERE=—2, w0 == 21 mr (=

Ek:—2£~0~;+[j@[j\], m*(k)>0, (k)| RemEu), EFk=0, v(k)=0

a
A B3 THESRTE PR

BIRENRIRKREB T ERTEIPTIEIR S
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A BEHEIIRY

HNBIZXYEB S REEAEENNBIAEE :

XCHO005_005

AE=—qV (E3B—-x75) = 7Y i

Q0B XCHO05 005 Ff7To

A BITHNIRD
= 0B HREALESSE A 92" B Electron movement with the electric field in the real space
REE C R, WNFTBIFMNE=03]
k=" eiEah. 7 C AT BEBR, 18

XNTHEE—MIL, BIRREPRID
¥, BIBHCREYB RO AR, X

MFBIME = — L Bk = 0655550, B  XCH00S 006
a

XCHO005_006 F&7 S A BETRBVIBIE R, BIERZTEHaiiits.

—— BIAECHNTREP, BTRIFT. RETREHEET (HHE), BRPMRES Z88 ¥y
ZBERNBINEHEHEEMNNGE: 7. WR7 R/, BIRANTHIRHSHERRBIAR 5.

—— URBFERHHRNE: or>>1, oRHEMX

. - 2 27/
K RABIORBEIE: 0= —— 72329
T v(k)
o - dk
k GBS HREK : V(k)zgqu/h
- 2rla
CHEMEK: o=2
SHENE ﬂ(qE/h)
WRa~03nm, 110" s, ME>2x10"V/m XCHOO5_007 ]

NWFE=2x10"V/m: ERBPTAIH, WTREASCRES. BIERENRIBITHIRT,
FEkZEBFTREBARE ST — ML, MILEFINIRD.
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—— RREFEL, 8FTYUREBLRZVN, BIEEWNL,

—— B2 KR UL205EMNZEE, WE XCH005_007 Fi7.

E
MeHREd =t —— F RAHRNE
FENE o E eXp[— ( g)]

fREda —— BBHEBRE, WR NENEHTREITIETH, NERIEDH, LENEHRE

THIUBNES, WRBITE—EHN/IEMNTEZETREANSH,

REVISED TIME: 05-4-28 -4 -

CREATED BY XCH



EnpEY R FEE BBSTEFEES MG FEES 20050406

§53 |, BEENFSENETICHRR

A OANRY: IEERSEIAENES, BBFTHNSBMIBEEE A
SIRHEBREE: p~10"° Q2-cm

ESRBEBEK: p~107 10" 2-cm

SIRBVEBREK: p~10" 10" Q-cm

NT—EERE, HE/FXTSBEEBIHSTRTINEIHRITZEZMI), BUNTEE—LE
BEARRIXF. SE. FSEMNLEENXFERRE ? BI TR FREOVER.

1. A PRB I XY FBEITER

Bes DS AEE Rk NBRE: E, (k) =E, (k)

ﬁ%mém@%mﬁgzwm=%mE

ﬁ%ﬁ—é%ﬁ%m%gzv@E:%V%E,WE:_%WE

P(k)=—V(=k) —— FENk BRSFOEERN - k BOREPBIHRENIVES, HEBR.

1) ETIMAN : BERN k BURTFOREN — k BURTSDBIOIREAIES. FABR, 81EF
FENSER: —qv, NERNTTBEITHE.

AREERTE T, EB;%!E?E/&QEjjkE’J/U(/L;\*Dlj_‘l_?g/ﬁ%jj kE]’J/Ij(/LAB’JFL%*Q%o FTLA SRR P B
HAETLINDIERKN, REFEER. WE XCH005_008_00 F7.

-

XCHO05_008_00 E(k) A XCHO005_008 E(k) A

A' : %
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2) BN E IEFBR
B3 SRGWERN: F=—qE

d(hk) = dk 1
i =F Z_-_F
BIMENTH: & i

—— BMINN, FrEfs SRS LUBRNRE B EBHNNR A BIGH. RaEFEDP, B58s
AN HRERX PBITHDH. FTUEBINAERNIBIEN, #HmHPaE S A=ERMEVEBR.
Q0B XCHO05 008 Ffi7To

2. SHPHEBIXFBEITIA

1) TIMHBER : BRREBPORTRBIIER, BRREN L CPRTIRERN -k ORTPBS
BREAIVES. HEER, BRNFTEMEEITNE. ERTEREST, BISEBREN L HURTS
NEBRERN - k B’J/W!L;\EU}_L$$Q%_FO

—— BURSTPHNBITELIMAERE, AFEBR. WE XCH005_009 B,

Wi XCH005_009 . XCH005_010
Ek) ithout E Ek) With E
A

\

Ml
Ml

2) £89MA EERES

SHDPORTKBTIER, IMIBHEERERERXERTEDMRELZ .

d(nk) .

7— —qE JUBHENESREUBANREBEBRNR A BTAEBERE
, BRSO BB IR, RIGFESBR. W& XCH005_010 A,

M

A SR, FSIR. BEINRTY

BEIEK —— RIPONBIZRTEOMN, NMBINISIRR S FIERET, BT, SHON
W EBFE—MREENES, £—RIBT T, Nz LONETREBS, IUEBZEIER TRE
BT,
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SR —— E—RIEHF PR TBTIRITTHIEET (BH) DAL IEBREBORBIIETTHIEET,
[eERESEIFA.

S (Sic 14, Ges 32) —— Ak gy Condunctingband
ssegroien, prssnssesess TN bbb
%, Y9N ~2elV DN, FTRUKEIVEURBITIL }Eg Er
RBHEPRNBTHRANSTD, RMEETEAE -
7o BIBTTEFKBRE: BFRERISHD .

v NS F Ao 1 . N filled band
By E@%%{( Qﬁ@mfz_}ﬁieéﬁ)@@g%.\ FRCL¥ SR f_ Sfilled band flled band
NBSEKBRENASHIZEHFNE K. SE. :
E&%%* Dé@é%fKBS QE%QD XCHOOS_OH ﬁ ﬁ o Insulator Semiconductor Metal
—— BN TREOENGEE, B8 REFETESANBITEN 2N, BINRBEHEN S,
RIBPRE—MMEBIFHER: Li (3). Na (11). K (19). Cu (29). Ag (47)
—— ENRIERHERED, —RESE.
—— WURREESEBRY MBS, XFIJLURER—TEET, OB,
—— BXFNEE: Be (4). Mg (12). Zn (30), ©IIREPE 2 MBS, RIUMZZLEK

i, BENARSE. SRENETEEITENR,
A Y2

VIRITTER Bi. Sb. As BEE=@SREH, 8 TMRESBHMTES, EBTRETHRBRLENES
SEERNSBEMN. EBTEHRER), WSBEMBERS /) TEBNEE.

2. @Al

) DMEB S SN ILEE NS ST R, BEREES . BRI
I S SR T R B S e
—— RIS ORE— Nk ASEBS, EBHOERT, W B IR D ETEE
SEBAROTTER, meEA: 1(k)

i

—— WNRETHE PRA—I BT, IHETRE, SOEBRNE, B
1(k)+[-qv(k)]=0, I(k)=qv(k)

O T R EB AR ST — M IEEB ¢ BOKIS, DIZRIRTS kb DeBS80RE v(k) FTSli2im.

REVISED TIME: 05-4-28 -3- CREATED BY XCH



EnpEY R FEE BBSTEFEES MG FEES 20050406

EBHBHIERT, waRrrLass, aI1k)+[—-gv(k)]=0

dik)y_ d_ -
a gt

LAY A Tl
ONDERTBIER TZORT k DB ORI : —giE +[v(k)x B]}
B 3R m*%v</€)=—q{ﬁ+[w€>xé]}

m*<0 —— ZURES k BTN, BINENEES

W/m“ q{Eﬂ@Vﬂ}dﬁ’ —{qE +[q7(F) < B
di(k) _ q = oo 7
g —|m*|{qE+[qV(k) B}

gE +[qv(k)xB] —— IFE87 q EBHIH D2 RN

—— ENBEFD, DREERNEHNA— TSR, SEERE MY 0T,

TN —— WETHHIERE L 6, B PHB R BRI PRE LT
#FBq, BBEERS|mY. RE (k) OIS, S —MRBORIS RN

BARPSHTRBVEBTSIENSHE —— BIFHBM

N

BRI TN D — LB S SRNTE —— =NGBM

—— BRAHSPDEBTHRANFHSD, FENAMESHEHMEDEEHENB ST EEEIE
&58M,
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§5.4 HIBEHEDPEBFITIHHE

1. SRR DR BB
B n
V()= VL E()

IERE D DB BINNERSE: i
hzz—qﬁ(lg)xg

NFNARTUEE: 1) BEAH Bk IDERKREETH,; 2) BTSIRENTMRL), &8 E(k) R
MERNIEEHN, B3 E Lk =aNEER L.
—— BIAEZENEHTEEE TN ESSEENR .

2. BHEBIHELHIEGH

271.2
SIS ER)= Lt
2m

1 — - hk
e TR)= V) vB)=""
B E(k) = A B8R _
2 dk .
" =—qv(k)x B 9k __ 4 (kxB)
dt m
BB Nk 758 B=(0,0,B)
XCH005 013 kz A B
d.__aBy
dt m
dk q .- 2 dk, 4B
EE—:—— kXB 123 —y:—k
e ;
dk, A k
dt >
0
ky
d’k _ gB dk, d’k, gB .,
2x = 2 :_(_) kx
dt m dt dt m
d’k, qBdk, ~ |d’k, _(qB) " kx
d* m dt dt’
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d k
( ) k.=
—— [OFERE: o,="—
d ky +(q )2k ~0 g 0 m
dr? m’

—— kZABIE (k, k,) PEMEBETE, WE XCHO05_013 Fi7,

A ENTEEB I NG

v(k) = %VkE(l?)
B EmNENSIE: ~
dk =
hz =—qgv(k)xB

XCHO005_014

Z

A}

;
. hk \ v(k) hdk ~ 5
v = " maseiang. S0 Ak : y
m dt m dt I 1
:
dk e vk 1. _ -
wn® - _gwiyxBronem: YO L i« : ,
dt t m "
: i
dv, __4B : |
dt m
- dav qB .
DEXRM: {—F="—v, —— MIBXYNERS
dt m
dVZ —
dt
d’v, gBdv, dv. __4B
IR et ] @, __495
/3. a;t m dt ¥ dt m
dv, _qBdv, 4, _4B
d  m dt dt  m
d v, d’ B
e ( = “e
—— &0
d2 (qB 0 d’y (qB)
dl m e dar
dv o
—— d; = 0837t z A ORIRIGE)
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d*x (qB) ~0
s =
L ;l m , B3 (v, y) FEROREBDEH

2
Yy 9B,
—+(—)"y=0
dr’ (m)y

—— OEE: o, =92 mE xchoos 014 FiF.
m
3. BEESIERNEIEL

TSNS BRI NEBnE: &=L =

2
o R
LEWIAN: o prgd, H =L =" (p+qd)
2m  2m

WNRHHS 24, Bl A=(-By,0,0), WHEB=VxA4

1 0 0 0
A =—1[(p.—qBy)* + p> + p*], p.=—ih—,p. =—ih—, p. =—ih—
2m[(p,c qgBy)" +p,+p-1. D, "> Py léypz in—
R, [ p]=0
RRNBEEBMEANS x,z, BT A YRR RN (P, , P.) BMES.
[# p.1=0"
{ﬁxwﬁkxw
p.y =hk.y

R N i(k x+k.z \ N 1 A A A
BRE: =" “W&w,J%EﬁAﬁ4=5;pr—ﬂwf+pi+pﬂ
=L P [(hk —gBy) + p. + 1%k lp(y) = Ep(y)
1 ) 272
%[(hkx —qBy) +p, + 0k Jp(y)=Ep(y)
oot 1 h2k>

[—2—§+2—(hk —qBy)’ lp(y) = (E - mz Yo (y)
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# i

k _ 2 — E_ z
2m oy 2( ) ( »lp(y)=( o )o(y)
B h nk?
%\wo_q_a Vo=—7k,, e=E—-——
m qB m
B 0 m ) 5 pes o
Tama 2 0TI W) =aely) —— BRI R
@0 (y-,)*
BEEZ R (-0 =e ™ H [0, - o)

Hn[a)o(y - yo)] —— 2N
HARIEN BB A %:a=m+%m%

—l(r y=Yo ?
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m
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Material E, (T=0K) m* (m/m*)E,
GaAs 1.5eV 0.07m 21
InP 1.3eV 0.07 m 19
GaSb 0.8eV 0.04 m 17
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InAs 0.46 eV 0.02 m 23

InSb 0.26 eV 0.013 m 20
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XCHO007_000_11 Bff7o
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Conducting band

L 2

Filled band
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1) MEE
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AxV N 4ﬁV
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<
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)
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v

b
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. H.Temperature : L.Temperature

e

N

RS SIS SR L SR DS NER, Haisk 10
ST RIRDIRE, HEERSH, SIRENTERI O
HEITY, SEREN, AENENEIBEN, TBE—5
BRAETENEE (URIER), B—HERETHLNX.,

ERFUARECE, TBR—MEHRT S8

)Y/

) Germanium Samples
nqu_ N Semiconductor with different doping

Bl: o=
ke {pq,u+ P Semiconductor 1;'1“

XCH007 007
XCHO007_007 NREBH#E Ge R SBXBRELE SR

1) ARTE, REAANERTEIZFER, FATHHESERONBREXR. BItAEBK
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=
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BN EURESER.

XCH007 009
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BEEMMNSB T RERENZH L.

L.Temperature
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EBIFITEBRERR : nyp, = N_N,e "7 —— NF@RE

EONTEIRIN OLR. 8B37) EART, B3N URETERE F&E. INEIERRTEBS —
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JE PR S A0 PRI EUREEE) -

An = Ap, 0B XCH_007_010 PR AAAEXIRE, B35 MNE
DRARTISHD, ENBOEMERFRLN, o E+

FFEEARITNZ A DS

XCHO007_010

BTF2IHHERKN, RFFEERITNSIHRIAHEE. —RUDFRTERRE. W0 N
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2. FFEER TN B
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Q02_06_003 Nt 2 REREN IJUNIZEB ST NERASEBVTIF ?

w AIRRCEE T, SBRMNASEREN 3 RHBTS, MBIHASESEE 1 RDOMIEL,
RE MEZHHREE, HNESHRSETYLUNSBIRNOVASEBLR, FERI.

Q02_06 004 N LEBINEEN, TERPHNBSTIDREERSHVES ?

3
-tﬁﬁT:ON:@%m¥%%§($@ﬁ%:E@z;@,@%ﬁﬁﬁﬁ%ﬁ%ﬁ@%ﬁoﬁ

NBIVIHSBFAMEBTRIE, STEERT LRESHFRTEIRERNES . XFEHNES
AR ERIRAEE RS,

Q02_06_005 ERIAREEBASENRNY, HLUIEITHE Mn, Fe, CofINi AERSNBINEE
Bl BAZ: B AR T B B E BB

2
- FE2EBNENRIVRTESE E, WENBES, 830NSeC, = [%N(Eg)(kBT)]kB 5
N(E)BRIEL, BBIRNSsglReEXENIESBENSS.
SYETTE Mn. Fe. Co F0 Ni EERSHEBEI NS, KNI TIESKENNI S TR ANESZE,

WETTROHER d REB SRR, MEEWIRIEROM, BRKBIIRFDHD d fgh. BTR
T8 d SRUREANINE, AFUSKNEEEERY)\, RM~EREWNET, N LOVNER S
SEF, FILUPRE S MRERARE—TENES, £15 d EHEBRIANETERE. UEZRER
REBDIRTE d RET, PTUATRERERAIT d BEF A,

Q02_06_006 &R EEEAEBIAZEIAL ?

w FIRANEHEE A 0 B BE AR, BT MRGENTKERAD, SEERRNTURESDS
Rk, BIMNFKERRSVEBROTKERRENEE, E—REENEMETES (B3R

REVISED TIME: 05-9-16 -5- CREATED BY XCH
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ENERE), ER—REENERBTNE (BIRANERE), IMRGERE FEE, 680
BFEKEER, BIABRINRIMR. RNAEMRETBP 5 5 EMBHAE,

Q02_07_001 DXV Si B A As BIEABI N B SENPI, BRBRIFSIASBEENHIRM.

o WAERHESEMRIB NG SRR, LEEREEAT. £ SiBA As GEABY N BIHESK, 4R
AHRPREETEDBITNEES, BEABRRKTSHRNEESE, NNTPNBTBLE, REDEKRE
E.'F'Fﬁ'qjﬁ/&%%ﬁulb%o

Q02_07_002 Y& XCHO07_018_02 F7r, &R NIDESAE LIFRIE,

w MR EBEIR/NGY, RX S FDRKX D # P AIXFETT,
BNfEE7E SD a0 —E8veB[E, 18833 SP A0 DP X4 +
BT RE PN 45, RILRBRMESE) PN OS8R,

WRIREBEAZISBY —ENRE, 7 P E¥EFEAN
SHNEBUNERR IR — — BT ERERTHEAZIN G

BRE, REBRIRX S AKX D &k, T SD
fE—"TEBE, WEHEHEEM %, S o——

B MR R E AR A EIE, & MOS SERT ‘
SEFEIDRTS, BX S FRKX D 2 G2 iR LR
EB R BOBE) — — SRR ER IR M.

Q02_07_003 ¥SAAEDIRIHBIREKNZ/D 2

2 2 o)
- SR T BIRE R E:hwza,w:f%, ij&,&ﬁm@;%:4?0__

P-Si |©
Substrate

uonodd[7

+

=

RAERBLA.

Q02_07_004 &R+ SAMMBBUR IR o

w TEBSWEEN, BRTIISTHEIHR (MPER) BREIEN. MEFANRFREE
E—PBIENRETE—TI B: nxp

E*_E‘F Eg

T kT o " 2k,T _ N s
Bnp=N_N. e , nxp=)N N_ e , EPE,=E —E NHREE.

Bn: E, > E,, RANMEFABREZHENREIE. EXTeES, NENDMERSHRELN
LTHXRAR, JURETIRT

Q02_07_005 f+242IFFEERS

w RN, FSAPHRMAES, INHPNETEUREGNEE, BRAISTP (FR3H~
), ONBFXIUCEBIMNEPHNENREES (FRINES), KRR FEN, TR
FERNEEGEEE, BFMNENEPRES 5 —E0M.
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E,

EB S ARTEBREDBE : nopy =N N.e

ENROERT, BINECRETRRELEHE. WAESIRIUE B3 —27,
BS: M=n—n, Ap=p-p, ——RNEFEIRT

Q02_07_006 DAZE P AVIRIEERED PN 25590, Bl L RIS

w R BUSREVDIA, £ P UL SENREEA—IENN IR, EXHNRE T, £ PNEKE
fNaERENB I, £ PN ST —1N BKEA, B3 - ERBEGMETRE
BT AUAR) PN SHREB15 XIS (PN S8R2817), B3 Ricih® N BKX, =yufhcmz Pk,
fEN X#HAEB, PXWIES, £ FBRTEBE —— FHERKN,

Q02_07_007 4 RFRMEHE O ?
w HTEE/NTEBRONR, Blhv <(£,),, TUBEI N HE, £HREE0 P ARKERIE.

FEEIRR PN GSHIE/EM, ASEHABOERE—EHKERE, BTFXRORMESIENRBESHS
BREPHATHFNRSER, B8 —LBF - AEEIARBHMUEI, MRETES, R
SAPBEESBMAVEE. FIRRREHEOMN, TUBRLANBES -2NNHNEEX, RSAMEE
EBSAV B AR IR K o

Q02_07_008 XYFTHBxHY N B SAERFE N, N LSHPBEIEPREMS, HMHPIEDR
ERE 2

w FSARPHNBEINEEPHBT —HFRMNFZE —— U2 H o

E-Ep Ep-E, E -E,

SHPBITRE: n=N_e " FNBEPRTURE: p=N,e “ , npp=N_Ne “'

£ N BSRD, BEHZ, BANSTPNEITHS, BFHRESNHTPRINAEE S0/ 1K
X, B#ESPRTRIH D,

Q02_07_009 f+2RAENIRIERTFNBS - BNEEG RN ?

o NEAIRI: HERILUBMNMHPHBTHRESHD, PRBT T, X—IIIEVRNREN
RUL, EBS —RIIEE AN BAMENIRNANTIRE, BISHEREMNE S RTINS IR,
REBESELHINTREENK S

Q02_07_010 N+ 24 ¥SKIBRTURBSHSBEED ?

e IBRNFSEMRRISBREIEERR, FREPHEFATRERIRANSH LB ITHNT
PHIRIV, XTABFSEMRIB NG BRMR, HEEREEAT. BISIRESEDRR T 565
SINMNBFTHBUWRELIN, BB —EBIFTIUNRRKBREBRTARE, REBSFEBEHEN
BER, REBERMUTHIRPEBOSHOUE, T—REE FRITRHRISHD, NMXTESEB
SBEENFERBFG,

Q02_07_011 2.2 P fUF0 N BIG{K 2
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w IRESRITRNSBHANERE, REKID NPT,

RREBRPRHETEEINRER, ERSETSHTRNEE, MNTPRNBTBLR, BEZH
REGHR, MABITERS. TBSEHEIRANFSE, TREERINARIISTNETS
B ——N HIFK,

REURHHIRP AR, BIHNHHRIAZIERZUHARISHTEZND. TBSERIR
PI¥SE, BN P —LBESHRMARBERER, MENTPTEFZEN, TRREXLR
TUSER ——P B,

Q02_07_012 ¥SAEPBNRBERRR, XNH+SAENSBETRN ?

w 1) JURNBRESPI, KARRFRIHOFD; 2) IULNFEBIESPI, RFTE
BUARIE ; 3) YLUERNIMERR, AKIRSFSIAIRIBVEBER,

Q02_07_013 DIfE Ge KB As Rfll, BERNHLKIRMAERIIEE R T FHUT ?

. —DEIVIRITTRGe (4 ITTR) B—TEVIERITRAs (S MTR) FERHIEE, ASRTFDENB
BGRITEHHENBEDRR —TET. RARNBE —IPEIRNUS R, RECRNE NS
JEEMRIR, MEEBOAREXR, MBRFNHINSES. IR—1BITHAS BT HBIRS], H
RBIFBESMEN, EREHRDP, BUTHRz2P, BIFEISHR. XTEFTRBREIE
N\BREE, MYMUMNFRIKTRESHPHRNBIER S

REVISED TIME: 05-9-16 -8- CREATED BY XCH



EwE FRE_#AE_20050404

PART THREE 3+ R ER

Q03_01_001 1EBR: AINTTAHSBHERITEEINIL; BINTAHSBHERTZIENITS

adl EB{E”*%%T:ES{ 51:272'%; 52:27[%; 53:2”#611;(02_’
a,-a, Xd, a,-a, xa, a, -d, Xd,
WINTTARIBEIRR: &= (1 +]+h) &=2G ~j+k). a=2G-7+k)
1
%MHE%%@@Wﬁzﬂzgf
Z);:Zﬂ' azaxa?,a :2_72- ﬁ(l — +E)X_(Z +]_k)
EIEFEE e 0
2r a” -~ - -
= U T+RxA+j-h)
- 2r - =
1:_(]+k)
B 5 —27— G 2GRy, b= O 2T g
al-a2X03 a al.a2><a3 a

SN b, by, by RERIIRHVES REINITTIES .

BT ES R RS alzg(jw?), azzg(lh?), a3=§(7+i)

@MHE%%@@WW:Q:%M

e SoO S P SR N I A
a,-a, Xda, a

@R b= 2E(G-j+k), b="2(G-]+k)
a a

S b, b,, by REFIDERBIE S REINITTHE S

2 3
Q03_01_002 ESRENE 3By T Hobv NI 3 EREAR.
VC
- @IS EED =277 B p ooy B gy DX
d,-d, xd, a,-a, xa, a,-a, x d,
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BIEFHIR: v =By (B, xby) = %(a ) @,)-(d, x ) x (a x )

AxBxC=(i-C)B—(4-B)C

(a;xa,)x(a, X52)=[(Zi3 Xal)'az)]al _[(53 xal)'al]az =Qa,

Q03 01 003 IF83: RS KE G = hb, + h,b, + hb, EETZENISEN (hh,h,) NREFH

w BNa, b =275, G= h151 + h252 + /”l3l;3 XCHO01_047

i’

YA XCH 001 047 Ff7Ro

Gh, hs h;

Gid & e G
h hy’

{faggiﬁaﬁ . Ghlh2h3 ‘ a = 0, Gh]h2h3 : CY_B> = O

~ O A Ilk
B G S&B#A (hhyhy) IE a4 a,

Q03_01_004 §0REXa,b,c IMRERIERR, EBRSEE (hkl) B9EIEREN -

d= !

Oy ey ey
a b c

FHiRPRBEENERNSEE, HEBELRA, S5HIE,

- SFEBERA: alb e, RENEX: a,=ai, a,=bj, a,=ck

BESEE: b =220 p oo DX p g XD
a,-d, Xa, a,-a, xda, a,-a, xa,
\ — - — - — TS =\ ~ /8 7 27[—* 7 27[ - 7 272- .
Ba,=al, a,=b], a =ck RABIESWENAE: b=""1, 5, =""], by=""k
a c
ABIE8G = hb +kb +lb3, G= hz—”z k%r] 12—7zk
c
2 2 1
: ? ’ >(a)2 +(Z)2 +(;)2

REVISED TIME: 05-9-16 -10 - CREATED BY XCH
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EEANEENRE, ERENEHENA, SEIEANTELA, IENSOUSSRE,
Q03_01_005 $8HITASRIE (1) @5 (100) @, (111) BS (110) BNRENRM.
w90 XCH_001_051_01 Fis (111) E5 (100) EHRLNSEN AB

% AB ¥R, A SIIRS O, BmMAIE: R, =—aj +ak

R, (111) @5 (100) @RZLENRE: AB=—af +ak —— [0T1]

XCHOO01_051_02 XCHO01_051_01

0B XCH_ 001 051 02 F1R (111) @5 (110) EHR&NSE AB
8 AB ¥, ASERS 0, BEOMIK: R,=—ai +qf

R, (111) BS (110) BRXENSE: AB=-ai +a —— [110]

Q03 01 _006 W E e TS, BN SBAEINT 2 dimcnsion.s primitive csll of Wingngr—Scitz
7 BIEOLEAB N —FERRAY(Wingner-Seitz)o

AN —ERER: BE—MERNDL, RESISe @ N
RIS AEENPED, NEFHEENRENLEERN — i
SESRERAE. WOy — T 48 3 BOAERS 4 — SRR, a NS

BRIUIH. BLNTIHBNANITIDSBUE .

XCHO001_057

XCHO001 002, 007 #0 003 7o

BRITOBITHLERN —ERRENRRI 6 MHEXISRIEENEET VD BEMBIIIIES .

/ A: 001 002

'./xc.uum_oos

REVISED TIME: 05-9-16 - 11 - CREATED BY XCH
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F0E XCHOO01 058 Ffio

BIVIIHB S BRI —ERIRENRRID 12 MERIBRIELNEE D BEMIIE+_EF. W
XCHO01 059 ffiro

Simple Cube Face Centered Cube T a; XCHO01_059  XCHOO1_060 e Body Centered Cube

» | J\a

4—

a
-]

/ / S
Wingner-Seitz XCHO01_058 :

RINITT OB I LR —EBRRBNRR 5FD 8 /|\J&—«BTR5 J@iﬂﬂﬁ%ﬁﬁ@lbﬁmﬂE/ \EE, 06
0489 6 RIS RELNES VO BEEIE/\BE/NTA, B 14 BiF. /\TERENE
2, ZNTERIEMBE. J0E XCH001_060 Piimx.

Q03 _02 001 EBAMFI—MNE AN —£SENDEESHN: a=2In2

_1 n1+n2+n3
- DEERE: a=- Y '— D

2 2 25\1/2
ny o, (n; +n;5 +n3)

WF——0E3: a--Y T pEE - EINSERT. BERIHDRK, STES
EEFNSE— 1 RSET.

:_2[__ Sl 1.1 1.1 +(—1)N

1 1
a4 N =2In2
2 3T a5ty I BN el em2hn
Q03_02 002 B—RAEHFN BT ANEEFAERTN: 1) =—S+ L i

1) &gt
2) BEREW (BTRFTH)
3) KBRS

4) EBm=2,n=10,1,=03nm,W =4eV, H&a, fHE

N
- SRS U(r)=7(—;im+§) N AEFRM

du
1) ~ - =O’ Tt n’fl =
dr 7, rO

r=K

0 —— PEREINESE: - Ly
mo

REVISED TIME: 05-9-16 -12- CREATED BY XCH
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2) BRI W=—%u(ro)———(—z+§)/ljro L )”mﬁ/\fsfﬁu
w=2a- "Ly

3) FRIES; K = (227({»0 %

Z—’#a@—‘r’;—; SUEOEIR: V= NAF —— Heb AN—84, N NEF0RE.

6_U_(ma B nﬂ) 1
oV ™t " 3NAr?

o’U ﬁi[(ma n,b’) 1 ] o’ul 1 [_m2a+n2ﬂ_ma+ﬂ]
ovi,, ovar "t UBNALC evi| . v ' oo
. ou ma  nf 1 o
3 = - =0 —— ¥ENBHEHF
N ol (rom+1 M) AP PN EREBIRM
o°U 1 ’ ’
0. ME_mB e L mmmstem: OY] L ma, nB
7 7 oV |V:V0 9w, 7 7
o*U 1 mo  n nm _ o
I B
oV 9, 7 7 Ty 7 Wy ron
2
wu,=-%4b Sy,
r'or oV vt 9,
R mn
K==, -V,, K=|U|—
Gy Vor K=[Uilgy
4) m=2,n=10,1, =03 nm, W =4 eV
1
i, =Ly s ==y
mao

ﬂ:%rg‘), B=59x10" e -m"

a=r2 [ W], a=45x10" eV m’

10
o

REVISED TIME: 05-9-16 -13- CREATED BY XCH
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2 _r
Q03 02003 E3306 N MBS S4ARE0 NaCl S, HESEENU() = -2 (<2 + By mipice 7
2 4nsyr 1"
%ﬁ%ﬁﬁlﬁrﬁn, BUSKT TERN, XEX A RS REEE, R0 p BER.

1
w REESREEFEMNEr = ET: Ulr)=U)+ E(ﬁa_lj) (r=ry)+--

r=K

N 2
RESHE: U =2y L)

= 2 Areyr 1"
1 oU
U =Ur)+ (5 (r=r)+--
r r=r,
_r 2 _r
slee * il s U =N e )
r 2 Ane,r
1 aU'
U'(V)ZU'(V0)+E(6_) (r—ry)+-
A

r=n

0]

WEAE: Ur)=U'(r), rﬁn:ce’p
0

o\ _y L o,

. ou
EVEUE: (—) =) —=cLe”
or r=n or r=r, N 1%
EEﬁn:ce_;, In g —nlnr, =lnc-2
¥y D
p a v A
Bnto=ce”, mp+nn—(n—1)lnr,=Inc+2Ilnr,—L—Inp

Inf—nlnr, —Inzr, +1Inn zlnc—r—o—lnp
P

L Inry—Inn=Inp, r =np

h
ﬁn:ce r
To

R ry =np XA

p _ c
(np)" e n p
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Q03_03_001 ¥if N MRIBB—LENRRST5E  XCHO03 005

(BBEFEER o), H N BHE, X e
M=mNS—HERFENER——NE 204 202 | 2 i 22 204
w J0E) XCHO03 005 A7, FRER M IR m
FITF 2n-1, 2n+1, 2n+3 eeeees M

2n-3 2n-1 2n+1 2n+3
R8N m BERSAITF 2n, 2n+2, 2nt+4 eeeeee

mily, = =B, =ty — t, 1)

w UG OIE: — AR NDNRE, B 2N MRIISE
Mit,,., ==BQuy, — tyir — Hoy)
ﬂ :Aei[a}t—(2na)q]

- PRESRR: T
Hipy = D€

- #2n :Aei[a)t—(Zna)q] e

R for-(2nityag) B OEIT i HiEER:

My, = Be

—m@* A= (™ +e™)B 24 QB -ma*)A—(2fcosaq)B =0 }

2 —
— Ma’B = B(e™ +e ) A2 5B —(2pcosaq)A+ Q2L —-Mw )B=0

2-maw’ —2fcosaq|

= A, BEIFSHE, RMTIIUHRE ,
—2fcosaq 20 -Mo

(m+ M) 4mM . !

a)2 = ﬁ M {li[l—msmz aq]z}
1
a)f =ﬂM{l+[l—4m—Mzsin2 aq]i}
BN (m+ M)
FPRIDAR DS EEBERR Y ., 1
@’ =,3(m+ ){1 [1 —msinz aq]’}
_i <£ [ s g ;\/
2a<61—2a H—MEMNKX
—HEWX Y QM8 Z/—=N
a a

XN — q BRZR . —XBEZRA—FK. SESREEN 2N,

1

LUM=m: o =ﬂ%{1i[1—sin2aq]2}
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2 XCH003_017
o = —ﬂ(l +cosaq)
m

[4
a)+ — _'Bcosﬂ
m 2
[4
w = _ﬂsnlﬂ
m 2

—— FHRDEEE AR XCHO03_017 FiR _% O

Ry

T
a
HAERIRE (@G>0, A>>a) BN T: Hg—>0,

ﬁM%SZ%Z,a’=@¢gm'——%—ﬁﬁﬁ%ﬁ%%ﬁ%@ﬁ%%—ﬂo

Q03 03002 REBAMBRIHHM—LNRT &, BIEVRTANNBUTHETF f =0
B, =10c, }#EBTVNEEa/2.

1) REBBRAMNONIE =0, g= % AMEREVREIE ;

2) RHBHesXAE, XCHO003_018 : :

g XCH003 018 BT, 1R IEE@IRCHIE ST
e J0E _018 A7, 1R IEEARIC R 3L o sem | om | o et
T 2n-1, 2n+l, 2n+3 eecees o : :
él'@,*ﬂ_iiaﬁ%'fﬁa: 211, 2n+2, 2n+4 ...... N ﬁl ﬁz ﬂl ﬁE ﬁl ﬁl

P v — = o 2 _] & 2 +3
w2520 MRIFE 20+ 1 DRI HTENHE: 2n-3 n 2n+] n

mib, ==+ L), + Potbry + Pt KA NAER, B 2N MRS
mib,. =B+ Bty + Bitbr + Bothy, ’

i[a)t—(2n)%aq]

ﬂZn = Ae

w SIEEEREL: , REHOEcHERE):

ilwt—(2n+1)—aq]
.1 = Be ?

.1 1
i—aq —l—aq
—ma’* A= (ﬁle 2+ ,326 *)B- (ﬂ1 + ﬂz)A 2 181 2 ﬂz
‘la ila '
—m&’B=(Be " +Be? VA= (B,+,)B
ilaq —ilaq
(0 + @) —")A— (e +wje > )B=0

1 1
(e " +ate?YA— (& + @ —&*)B =0

REVISED TIME: 05-9-16 -16 - CREATED BY XCH



EwE FRE_#AE_20050404

.1 |1
i—aq —i—aq
(&) +@} @), —(&w'e? +we )

S A. BEIESHE, ARMUTIINERE: 1 =0

1 1
(w'e 7"y a)zzelzaq), —(&) + @ — @)

.1

A, 1 1
> 5 —izaq 5 —izaq ) izaq
2 +wye * )we ? +we? )=0

(& + @ - &) — (e

10
% B = B, =10c, w§=wf=%, a)§=7c=10a)§ﬁ/\?%§u

(Il - @*)* —20(101w, ), cosaq =0

XCHO003 019
BE: o = w§(11i>20cosqa+101) @

—— PRPEERA

o, =)22m
g=0: @ =f(11£)121): T“

w =0 : -
=T o =a(11+)8 - O T
q== p(11£)81) o _T3a, Z T g

DEX A WE XCHO003 019 B
Q03_03_003 T8 —ERRIFTHEAVEDFRE p(@)
o HRRITEKE L= Na

2 2
BEIE g =L xh, BIBENEE: ¢=—, /mwr -4
Na Na

dq EEABTRTAL ;V—:dq, Wz +q, o MEAE

I, p(@)dew =2 x ?dq
T

—#PESTHOHER: o =%sin2(%)

& 4p

Sw,=|—, o= a)osm( )
m

RNMDEE do = o, %cos(az_q)dq
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2
¥ cos(L) = jl ~ 2 BN do =0, % cos(M)dg
2 o 22

wzgia)é ~w’dq, dq=§%
0l -

o N N2 1 4,

2 2r am

2N 1

Q03 03 004 i} =#ESBAVESIRINE g = 0 IR BIRBE . 0(q) =0, — Aq

d ——(w,-0)"* <o
F98: RATEY f(0) = 4n° sz @, - !
0 >,
- USRI —
(27z)’
4G 1B IR TS 4 dg

@)

1
3 (q) = o, — Aq* FRIHNEE do(q) = -24qdq, dg= —Edw(q)

Rdg= ——dco(q) Fq= T o, ﬁ/\ 47Tq

2 s b = V1 (0, - @) do(q)

) 472_2 A3/2

1 1/2
ﬁﬁu f(a))__szz (a)o Cl)) @ < @,

To>w,, (0,-0) NEH B1(0)=0

Q03_04_001 SH—4TEHBITM, 55 n PEEH (n=1,2,3) B, Téﬁfﬁ&%k— B\%&E)ﬁ
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XCH004_006 . ;
Ny
1 d \: : d ™.

. E(k)

27 T 9]

a a
o —4BTBHBBE I, RELIRRRNVRRE

1 1 V i27rﬁx
S )
JLo)LS f [k —(k+ " 2]
m a

- izlmx
ikx [e a

y(x)=e

iz—”mx 1 i(z—ﬁerl)x
a 2a

1
&0 NESDRERE: y(x)=—eTe ¢ =—e
ﬁ )L

YE XCHO004 006 Ff7o

|5"£|
e
&
H

rm=-1, V’z(x)

—PEE#H: m=0, y'(x)= %e
T

| 7

%

3

. ) 0 1 i—x
ger m=1, w§<x):Te 2", i (x)= e
L Iz

Q03_04_002 EBB37:[EHAIAPRIARER 2

1
V)= 2ma)[ (x—na)’] na X <na+ Ba=4b, o0 2EH,
0 (n—Da+b<x<na->b

1) BIBILAREEL, FHITEBENVIIE;
2) BEEHEsTRY, HESKNE—THIE - THRER.
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w BEEERLLU0E XCHO04_049 F7o

XCHO04_049

V(x) a=4b

(n-1)a-b
(n-1)a
(n-1)a+b 1
na-b ¢
na
na+b
(nt+1)a-b 1
(n+1)a
(n+1)a+b
>

L
BEERVEIE: V = J‘L eV (x) 1 ™ dx
0L

I

e ™ {%ma)2 [b° —(x —na)’ ]}Le"’“dx

I

na+b
V=N j

na— br

na+b

V= %ma)2 I[bz —(x—na)*dx

na—b

Sé=x-na, L=Na

= 1 2 ' 2 2 i a’ 2
V= -mo _{(b =¢dg V= ome
EEEEBFAPHEID, BEEREEE n MERIT RN

Viny=2 [e ™ r&ds, k=k+ 2z,
a a

vin=-[ @

— lma)(b2 £ —b<E<+b

0 +h<E<—b

1 e | mao® i ne
Vimy=—[ ¢ " “mw* (" ~&dé, V(n)= e " (b - &g
a vb 2 2a

_mao’
2a

g
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me’ ¢ e L,
V,= e @ (b"-&")dS

2a b

SENE—RHRE: £, =2)/

i

SHNE-NEBEE: E,, = 2]

Q03_04_003 —4EFHABIAHPBITHIRREBEMSMEE, WREBBHEH N a BIHIRREN

1) wk(x)=sin£7z
a
2) y(x)= Y(-i)" f(x —ma)
3) wk(x):icos3—x7z
a

4) y,(x)= D f(x—la), RBFEXLRPHIEE,

[|=—0

o IRIETETHEE w(F+R,) =" Py (F)

inka ika

—#IBE w(x+na)=e"y(x), y(x+a)=e"y(x)
1) BIEVRERE: v, (x) = singﬂ

X+a

v (xta)=sin®x=—sin> 7z, y,(x+a)=—y,(x)=e"y, (x)
a

2) BIOURRE: v, (x)= i(—i)”’f(x—ma)

yo(xta)= ()" flx—(m—1)al =3 (=) fLx—(m~1)a]
=S () f(xla) = iy, ()

FLL: e™ =—i k=——
2a
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3) BIEUERE: v, (x+a)=icos3 (x +a) = —iCOS3—xﬂ = -y, (x)
a a

4) BITHURKRE: v, (x)= Zf(x—la)

[=—0

vixra)= S flx—(-Nal= 3 f(x-ma) =y, (x), 8 =1 k=0

[=—o0 m=—o0
Q03_04_004 AEREEMKEBEINIIDSBIARINIID B s SRS BERABXYN BIBET R,

w BOHASABEARSEVETERN, s SRR
ABRIRZEVEER E° (k) BT URTN -

E'(k)=e,~Jy= YJR)e"

Ry=Nearest

BINITH&SBIE XCH_001_007 Bi7R. ERGEE—"18
RARRo

B 2 PRBEBBR, BEAEN

a a o fp, a a [a  a
2 2 2 2 2 2
a a o o, @ _a |a , a
2 2 2 2 2 2
L@ a o g _a a4 ja , a
2 2 2 2 2 2
L@ _a o | _4 _a |.a , a
2 2 2 2 2 2

B8R, = %? +%j +0k 5 2 MEERAE (K)=¢,~J,— Y. J(R)e ™

R =Nearest

SRITREBABHIN . J, =J(R) = [o" (€ - R)UE) -V (g (E)}dE

E®)=6,-Jy—J, Y " @R =§?+§j+oz€ RAHTH &,

R =Nearest
=5 - = = d- d- 7 = B a
k-R =(ki+k,j +kzk)-(51 +5] +0k), k-R, za(kx +k,)

ik k) =ik, ik, k k k a Cka » _
2 =e 2 e ? =(cos ;a—ism ;a)(cos%—ism%) —— ZPESIEE 1210

e
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~ k,
i EBe: E'(k)=¢,—J,—4J (cos k;a cos }Za +cos k;a cosk?a +cos

EIVITSESWE XCH_001_003 F7R, ERER—TMERARR.

B8 PRIBEHBR, HUEBEN

|Q NJQ

-
-

SRS

| Q

3
=i
Il

w

-

-

o N[

-

-

~.|
+ N[ v o

| Q
|

~.

N[RN[R e e

+
(NN

.

Ll

-

N Q

N e NS

- -

-

D[R oY N[ N[R

-

-

-

-

|
Nl NI v o

a )
CcOoS——
2

k.a

' XCHO01 003

B MEERANE (K)=¢,~J,— Y. J(R)e ™"

R,=Nearest

SRS SREHRBHANNY : J, =J(R) = [o!" (€ - RUE) -V (o (§)}dE

E'(k)=¢,~J,-J, Y, e**

R =
k-R

—ig(k;r
e

R =Nearest

a- a- a-
—'+—.—+——k N N /— N /«0
5 2] 5 KNBTIHE

k,+k.)

—i%k, —i%k, -k,

: k
=e 2'e 2'e 2" =(cos

—— EPBRTHB 1210

- k
2o EEEE: E'(k)=¢ —J,—8J cos 5

- - -~ d- a- a-s- - =
ki+kj+kk) (=i+—j+=k), k-R
(ed 4k, +kF)- T+ 42K, k-R,

a ..
— 181

COS

a
E(kx +ky +k.)

k a k a k.a
cos———isin—<—)(cos
) S Tisin— ) 5

k.a

Z

Q03_04_005 B— T —EBRIHE, RTEEa BKEL=Na

1) BEREBINSERESRS s TELRAETIRIB08EE E° (k) RE

2) REEEHEERHNFRAL

k.a

—isin—=
2)

3) WENRF s HEPRE—NBF, H&ET =0K NONBRZERE, 1 E, DNESZE,

REVISED TIME: 05-9-16

CREATED BY XCH



EwE FRE_#AE_20050404

e AUHARIFRARTEEIERN, s DRI EMOREEH £ (k) IFTBURTN :

E'(k)=e,~J,— Y J(R)e™ —— FEER— MRS

R =Nearest

s BRI SRRMAERIRE: E'(k)=¢-J,-J, >, e

R =Nearest

B IR, EAMR {_“

a

RAE (K)=¢,~J,— D J(R)e™™ 83): E'(k)=g,-J,—J (" +e)

R =Nearest
BEHSRE: E'(k)=¢,—J,—2J, coska

— 4B TS BE: E'(k)=¢,—J,—2J,coska, dE*(k)=(2aJ,sinka)dk

coska= LB =EHT0 G pg - 1o BB et
2J, 2J,
dE* (k) =2a), I~ (=8 oz g gy = 2ag, J1- (EEE oy g
2J, 2J,
1 5
dk = dE" (k)

a)4J} —(E*(k)=&,+J,)’

XT—48F, WEKN +k and —k BEBANEE, WHIVEERB I Bhes 2 MEG), RILEdk X
BRI :

az =4 a7z =2V !

27 7 )4~ (E (k) -2, +J,)’

dE* (k)

dz 2N

BESBERE: NE)=———=
dE'(k) )4} —(E"(k)~2,+J,)’

£}
ROBIHN = [N, dE' (k) —— BB E; (k)=5,—J,—2J,coska|,  =&,~J,~2J,
Ey,
£
N= | 2N dE* (k)

s zr)4Jf —(E’(k)—¢&,+J,)
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Ep 2
j dE* (k) =1
Ey 7[2.]1 1_(E (k)_gs+']0)2
2J,
E'(K)—e. +J (- 2
s g2 ®O=E e L ip, | ﬁ2ar§=1
2.]1 2J1 T 1—5
E’ AL
2 arcsin —&F =7
1 Ey,
o _ o _
arcsinm—arcsin 2/, zz, M:o
J| 2, 2 2J,
BUEER: E)=¢ —J,
R 0 ~ 2N
T=0KWNBEBEER: E.=¢,—-J, —— RAN(E)=
7r>4J12 —(EY =& +J,)
0 R N
T=0K NERBEER E, RNEESBE : N(E):—J
TJ,
271.2
El(k)zEl(O)—ﬁ, m, =0.18 m
2m,

Q03 04 006 ¥HEREBOVAET

2

E, (k)= E,(k,) + f (k —k,)*, m,=0.06m
2m,

Eo E,(0) NEH | 80TR, E,(k,) NEES 2 60, &S : E(0)—E,(k,)=0.1eV

BT AHRE, A | DIBOBRITHBEIE 2 D, TITA Edb)
-‘ﬂ-]’i’_ 1 EPFB&?W, WLLL/,T = OK Nﬂ'ﬂm%lﬁggﬁo E'}(k)

w L EEVRET 1 A0RETY 2 Q0B XCHO04_050 F7mo

BEH | NREESEBE N(E)=2——
h> 2m[E (0)—E, (k
v, ="K YSEL] l(h) Ol e\

1

IV E|=h)2[E,(0)— E,(k)]/ m, -
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V 1 2
drk
(27)" )20E,(0)~ E,(k)1/m,

N,(E) = 2V 2””1) 2YE(0)—E,(k)

[BIRRET 2 NRESEE

N,(E)=2

)’ )Ez(k)—Ez(ko)

FEBEBUWRAREETES, BINGBIRFH 18T, ERBEE, BHTEHRE, f8h 1 PO

Eyo) Ep

BIEATEH 2D, BR [ N(E)E= [ N,(E)dE
j (jV) 2””]) 2 VE,(0)— E,(k)dE = J (jV) 2m2>)E2<k)—E2<ko>dE

Es(ky)

0
3 3|Bo 3 3|EF

—m? [E\(0) = E\(K)P|  =my> [Ey(k)— Ey (k)]

Ep Ey ko)
m[E,(0)— Eg] =m, [Eg —E, (k)]

m,E, (0) + m,E, (k)

0 _
E. =
m, +m,

—— 8m, =0.18m, m,=0.06 m T E,(0)— E,(k,) =0.1 eV L \18F

E) =E,(k,)+0.075 eV

Q03 04 007 ¥BE_#1FH&I8, & EipN: U(x,y)=-4U cos(zjﬂx) cos(%Z ¥)
I e ST ORISR e SN (g, %) AR,

- SEEEHTS (S, D) REER: E, =2
a da

EIEHETMRID, BEEREEE n MEBHARE

Q

V= [V EdE, E=r-R,. di=dsds,, F-F=G,
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2z 2z 2z 2r

U@JOZ—U@7#+éﬁ?Xéa +e% ), Rx=na+&, y=na+S&, XA

tz—ﬂ(nla+§l) —iz—ﬂ(nlaﬂfl) iz—”(nzaJrfz) —iz—”(nzaJrfz)

UE,&)=-Ule @ v o "y T e

27 27 27 27

i—¢ —i—¢ i—&, I
UG,&)=-Ule* +e @ )e* +e * )

e k=Zk +Zk,, B=G,+k=-"k -Zk,, G,--"k -Zk,
a a a a a a
G, =—h, b,
| i, ¥, iz—”gy —iz—”gy —i(—El—152)~(l§,al+121§ya2)
VI:a—ZH[—U(e e d e re @ )e T GE dE
00
1% N U - . A TC S
Vi=—s Jl-U@e " +e )« re @ T)le T dg dg,
00
1% e, e
Vi=— [[l-Ue «™ +De < +1)dé dé,
00
V,=-U
J 7[ 72. YANA AN
WA (—, —) RBVEEIR: E,, =2U
a da
Q03 _04 008 FRAIZENK R L IESTH PN N NEBS, B3NSR £ = (kz +k7)

1) 3KE8e /\\Q;J-Ec
2) RTERRAELIZENOTRKES

2
2m
~>|%E=E(k§+k§)a&%79ki+ki= e Y WTOREEE, HEERERER—E.

2
(27)’

2 2
iz k= jz NERERTE: Z =2- (2L a2, z="L g

)

E k r/_\Q|E|—_| ${1E$/\WBU/|K/L;\§Q 22

L2

BE€ E 3| E+dE Z88URTSE: dZ = . dE
Tu
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PAY R mL2
BESEBE: N(E)="=
zh
2
BEE E - E+dEB3IHEB: dN=N(E)f(E)E, dN—mL f(E)dE
Ep 12
L L
BNEET=00: N= [~ dE="
0
Nrh?
BXVBENNRHRER: £ =
mL
2 2 2
kx ky k )—, >’ /\\‘E 2 o
x y
i kﬁ k2 1 K2okp k2
: )—a&%jaz—[—«“+—+—21=1
m, my Z(E—Ek) m, m, m,
XZ kB —MRIRDE, H¥Ha, b, c DRIN
2m (E—E,) . 2m(E~E,) - 2m (E-E,)

= P, b=[—5—"), c=[

2
n’ n’ " :

PEERTE k IBIARQ, :%m
kwlajﬂﬁflmﬂﬁﬂif PEIRABDRTSH: Z = 2(—) —ﬂ(mxmymz)”z( ) HE-E)?

m )1/2(E E )I/ZdE

xyz

3L .4 2
dZ = N(EYdE == -2(==* = 312
(B)dE =720, ) 3 7G) (mam

3/2 1/2 1/2

N(E) =

2
Q03_05_001 18 —4RANBSEEHIUEM: E(k)= L

- (%—coska +%c052ka), NP a NGB

SEH. 1HE 1) BEHHNEE; 2) BIEKRK k E’J/IK/D\ED“E'ﬂiiE; 3) BETERERA0REHINEE 8
ﬁﬁ&)\io

w 1) BETREEES: k=0, E0)=0

5 2
1): h - (Z—COSE+1COSZ7Z'), E(Z): 2h2
a  ma® 8 8 a a
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2h2
WRE: AL = E( )~ E(0) =
2) BIERE k PRTNOIRE : v(k) = lM, v(k) = (sin ka — L sin 2ka)
dk ma 4
2
3) Hm gklj : Zklj = n:laz (a® coska—%a2 cos2ka)
m

m* =

coska — ;cos 2ka
EETRBSTHNERRE: k=0, m*=2m

REBTNEB S VBRRE: k=

nk} N n’k; N n’k:

Qm&imzﬁﬂ%%%ﬁﬁ%W:ﬂB=2 , ANDRR B ABXYTARIRE A0S

m, m, m

ARZENa, B,y
) SHEBIHELBRTISOE

mym,m,

) RO EUADHIEN: 0=10, Fpmt=
m

m1a2 +m2,82 +m3y/2
dk - =

w [BEMIA DB S TiNERSIE: h7=—qv(k)xB

B=B(ka+k,B+ky)

BI3mRE: (k) =%vkE(/€)

-k} Rkl k]
= + +
2m, 2m, 2m,

2 2
VkE(l?):a—Ekl+a—Ek2+a—Ek3, vkE(E)=h J k1+h ky k, + ik, Sk,
ok, ' ok, ° Ok, m, m, m,

Bk, o, Tk oo Tk
BIRE: (k) =—Lk +—2k, +—k,

m1 m2 ms

\ dk oo o o o

KBS IREFAHUBNRERNB T BEHE: h—r==—qv(k)x B, RiRk xk, =k XF
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% = —qB{(ﬁla +k_zl€z +£l€3)x(l€1a+l€2ﬂ+l€3y)}
dt m, m, m,
dk k k dk k k
71=—qB(—27——3ﬁ) L4 gB(Zy -2 5)=0
t m, m, dt m, m,
gapR: (e gptig Ky 1 kg Ky g
dt m, m, dt my m,
dt m, m, dt m, m,
Sk =kle™, k, =k)e', k, =kje'™
okt + 987 o _ BBy _
m, ms
— _ B B
RNZH5IZEE: iok! + 2%k - 927 k0 29
my m,
okt + 98P o _ B0
m m,
iw 4Br  _4BP
m, ms
e B ) B
K, K, K BEER, AaEnans: L e %0
ml m3
qBp gBa .
m, m,
i 4By _aBp
m, my
2 2 2
aBY i, 9B 2 OB o @B o (@B) gy
m, m, m,m, m,m, m,m,
qBp gBa .
m, m,

2 2 2
o

LBy

myms; mms; mn,

o =08, RILRFEMNE: o=98

2 2 2
mao- +m +m
W= qB 1 2ﬂ 37/
m1m2m3

m,m,m,
2 2 2
mo” +m, 7+ myy

w="1" EM*:)
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Q03_06_001 ZEHR T & BIPHE/RNSBNRNERISH: C=2.08T+2.57T° mJ/mol -K .
WR—PERNEEBEPE N = 610”183, REWFNRE T, ABFHREO,.

\ > k.T
- —EERIVES URSHERR: C, =NO”7( ks
F
SLWERLRET): N ”—2(k LR —( L —2.08x10°T J /mol K
e T Ty g 2 k,T,
7Z'2k
BB T.=N— '8 19624 K
ARE: Tp 2%2.08x10°
12 “Nk
RiEEERe. ¢, =2 ( )
4
SRR EEE: 127 Nk (o )=2-57x10'3T3J/m01-K
127Nk,
Iy @ —51/3:91K
T iilmlj-é: (5X257X10_3)

Q03 06 002 & N NBFAKBHB IS, ARV, IFAET =0K ¥

(O8]

) S EIOTEEU =2 E)

9]

2 _
2) BBEBIFSHNERFE pV = EU

- SEDEEET NETTE N(E):“”V(%)ME”Z

1 (E<E))
T=0K I, BXNHRE: f(E)= F
iy, TKDMRE: f(E) {O (> EY)
fEN(E) f(E)dE
S EINEIES: U= ~

f4 V(2m)3/2E”2EdE U-%4 V( 2y o

SEPRET A N = [N(E)/(E)E, N= f4 V(2m)3/2E”2dE_34 1/(2’")3/2120”2
BNRAT =24 V( 252 g0t gy, =3 gy
5N rooNEr 5°F
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2 — 2N — 2 —
RBEIFTRBIERERESA, EgﬁngnU, p=§7U pVZENU

Q03_07_001 InSb BNEBEFBHYUREm, =0.015m, NBEHe =18, REEH a=0.6479nm, it
8

1) MEEAVERESAE

2) ESHNEFR

3) WRBEIDDIDH, BBRRRTONEZHREREN, BENBRERFRENSTZD ?

x 4 4
e THJL N 0 N N S M Ti
(472,)° > (217) (18) (47z,)’ (21°)
2 2
BAEE . a= s, 18 drhie, 18 6 4mm

m*q®>  0.015 mg®  0.015

BBRARTINEZBAERE, RART2ENEHE: d=2a=1248nm

BEXRE: n 2%: 5.1x10%/cm’®
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Bah ZA (19834 7T AL REH). &NAA048 LRE
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QUSSR A MR b A S RS e B s bR, A
{Ande, BT E R TR MBS B ARG 58
B, OEAEArpRs i, LAY RETHEY. &
WA A RS LS REER IS EHER, L FEEAE
P e ort 5, 4R Bt o rh HP 4 H i ol B A B
Bk, ERAEGRESEESRITEANANA 35 1 —
g, RETR, x—AVESEENERZMEY, R
ROHE B EHEAEBOEE, mWEA BT AIEAR
kA, HATRHEMY, FRHEARATE, AFTIHNH0MH,
135 T VR H,

=, GB3102,13—821 & 1 #

GB3102, 13—82 i 2 El R RHELERER BN
S ERSRN. EWITEES, ¥RMEF 100 B40HEXE
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Rk &R RaeiEd.

R FEEATRG, BT L AR,

(1) RPER SE#EH FEERAVRRTERE
PRAR e A AR G BB £ EH 2 5RO .
%4 2 2 LLE B B 47 wi5H FETh A,

(2) ERE L, A EERELLHEE (The Inter-
national Organization for Standardivation, @jFRIS0) “&
B F B, REREARERERASZRAS” 1819 1S031/
13—198I{E)(ERR) «Blik#pMmEagB A8y («Quant-
ities and Units of Solid State Physics) )} fuP%.

E &P 1977 #£4ikn Ghe ARENEILE & 8 AH
GRI7T)» Wiz, “HEBE LB R bR fE bk i, =
IWHW%, BRER”.

CMAER b, REZENSHSE. BBk, Stk
HEOBELE, REHALFRR. SEZ QKRB 3
FEFREEREN. PHEART G ARLK, O2%%
B2EERE R —ADLARGT &, X TFEERR ISO31
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