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XCHO01_044 01

* ABRTN (BaTiOs) NENGISEH Ba. Tif0 O, OIl, OHIZEBANBEIIHSIES &I

(F59) ERMANEY. WEXCHO001_038 Fm.

Crystal Cell XCH001_015
of BaTiOs ® Ol ¢ e

Berylliuh 1]4:

E .'.. [ ] ._..‘-,__.

o Ti OHN Beryllium 2
OIll
» '>5
Ba XCHO001_038 a

SEXARTHRE: MRENERSBONRE, —TREPESSHENRIS—. WHKKRINRE
JUERB SIS, ITHRPES 3 TASNH O RS, — 1P BaRIHN—1Ti RS, RATMRT.

* NATHSBONREERRE, WE XCH01_015 iy, —MNRIEPES A BB BRITS—
™, HA PRS-
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2- dimensions primitive cell of Wingner-Seitz
L ] L ] L] L]

#NFEBIER 001 HMBBERIIHBE. BINILD&ISH
RINTL D B8 BV4ES LA —FE X [RAB(Wingner-Seitz),

al ‘_,:‘". L]
e RN —FERIRE: BE—TRBRAPIL, BB / ; A ingner-Seitz
IS AT S A P, X LSFTREMZa N Hrerfeanie

RN —ERIRI. WERIPTINN — 10— 48 S IR AR

—ERIR B . . .
XCHO01_057

BRITH. BLILHSBAEINTTHSBUWE XCHO001_002, 007 0 003 7.

./. '/xr.:nm 002 : XCHO01_003

BRI ITHLERN —ERREARRI 6 MHEXIERELNEFT YD BEMBIILIESE.

QOE XCHO01 058 Ff7R.

BEIOIIOB ST RSN —FRREARRA 12 TERBRIELNES VO BEKNET B W
XCHO01_059 Ff7.

Simple Cube Face Centered Cube T a; XCHOO1_059  XCHOOI_060 . Body Centered Cube
a_l
a ) ,L
a <~
a .
[ s L]
O a | al a
a,

Wingner-Seitz XCHO01_058

RINTIOE ST BERN —ERIRBANR R0 8 TEMIEELNET YO EEMKE/\EEX, 055
TIHIBY 6 MRIEMEREANEE VY OEEIE/ \EBARN/TE, PR 14 @ik, /\ TERIE/N
¥, NTEIIELDFE. B XCHO01 060 FTR.
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4. BRERENHRE — HAIRBS

NTBBRE, T-RF ANUKXR, : R =1a +1a,+1,4,

Lattice vector for two dimensions
» L ] L ]

O a xcuoot 045 (O a, XCHO01_045 02

0B XCHO01_045 FIR —#SI8RF A BMiI%: R =24, +3a,
XCHO01_045_02 FIRMI=4183, ARSI HNIK: R =3a +a,+a,
NTERSBE: F—RF ABNIKR, . 2E XCHO01_008 BT

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

B 7, REBPSHNENRST 2888,

PIag: T ERIG&ES, BINIOUE (Zefric) BIR
S BWIE: la +a,+1a,

SBLRS (Aetine) 8uE: 7+1a,+L,a,+La,, &
7 BBXAL /4B XCHO001 008

RIMUB L a, +1,a, + La, ®Rn—"P=ERs, —48la, +1,a, +La, BEETUBBE SR,
* MARISS: Bla, +La, +La, BENTERS;
* SEYUBSIEREMAIKES (Lattice) BIB—MEm LN E—4AHRS (Basis £71) Y,

* & XCH001_040~XCH_001_41 FImHIREITRE 2 MRS, MAIKST R _EMNDOBIHN, &SA
BT
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XCHO001_040 Crystal e’
- - - . - . - . - - ’y .. [ ] .. L .
.. .. .. ]
. . . '. t. t. o. e
. - - . . . . - .. .. .. .. ¢ .
. + - . . . - - . . . - . .. .. . .. .
- - - - - - - - - - . . . L . . e . ']
. [ ] . L ] . [ ] . [ ] . ™ . ™
. L ] . [ ] . L ] . L ] . [
" o’ o° @ y
: . .o'.o‘.
Basis + Lattice=Crystal XCHO01_041 P

* B XCHO001_042 IR EITTRE 1 MRS, MBI R=ENDOBIHN, SIHEEIEM.

* B XCHO001_043 NETTRZ MRS, —#HMAIRISSTBROE S I SR8,

XCHO01_043

XCHO01_042
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§1.3 B0 SEAENRG

ARSI —— IERREENIBRE R — 8

XCHO01_045 01
-

(100)

(140)
(@) a XCHO01_045 02 /Z

* BERNRO: ERARESTPE—ERTHESL, XEVTELIURMENBRBIETLE, X
LTESMNBENRI. £— T FEE, B8RRI zanmEREEE. 8—KRBIENX 5 —NH
@, FRNEE. & XCH 001 045 01~02 F7Ro

* BANNG: REEH]\NEBEESRT, BRRARBNINA L,

BE-RINRR O, a,,a,,a; NRBE=TEXK, WE XCH_001_045 FfTo
DRATSEN— A BI%: La, +1L,a, +5d, —— 1,1, 28,

Lattice vector for two dimensions
—— REER: [ 1L] & 2

B XCH_001 045 02 B OA SIINREEE[311]

& XCH_001 045 @ OA SINRE1EX[230]

—— WS, thEXMNREIEY, B —tusmegsl. O a xcHoo1_o4s

* BRI SR OIRG

XCHO01_017 Facet [100] A [001] [me]
‘ [111]
[100] [100]
Ol I
[110] bl
100 n -

A ‘B A [001]  xcHoo1 018
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TI/531 0A B @E[100], TI/50E 6 PARENSEE - [100],[100],[010],[010],[001],[001] 40
XCH_001 018 Ao

BEBXALZ OB BI&%O[110], BXALSEOHRHE 127, WE XCH_001_019 F/m.

AAL OC B [111], ANALBOHES 8D, WE XCH_001_020 Ffx.

Jim] dor] Facet [111]  \ 113
Facet [110] ™. ; [011] ; Aol []Tl].ﬂ' f“"f[“l]
R L) i e i (S . ¢
P [110]
110 B’
. : o N o x4
70 [if L pon Ty it
xemosiore 1N ¥ [011) a xcuum_ﬂz: o ’

BFIIASBENIRMG, ML 3 ABORFW, IJURTA: <100>, <110>, <I111>

* SBEBVIRG

RENEE : EMARSST PE—KRHTHVE, XEBEWT. SahlVETUREN8R
BRITHR, XEABE T FERNSENEE.

VR A d 4 4 4
o e I 1'”'”'7/

/’lllllll /’lllllll
AT 7T 1T 7 1"2"2’7

lllﬂ"ﬂlli lllﬂllﬂlli
/ LA / J & 1

DA Al A 4 4

Al 4 4 Al 4 4 4

Y0E XCH_001_042_01~02 FIHIBE—T18S, MANDNSEK.

BRE—BRANRR 0, REN=T58Xa,, 4,, a; NIRRE=7H (X=THA—EEELER).
B8P —ENBEAET, FEFIE.

—ZREVEES THIERRMAER, B, E=TEXFKIHERDNDAEEZENATRE -
®a,a,,a; OKRim_ EORRDANEBRRNEBEN A, hd, hd B@EL, h,h,, hEH2EH.
0B XCH 001 021 14~15 Ffi7Ro
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— ?ﬁ%ﬁﬁﬁeﬁﬁﬁﬁwﬂmiméﬁﬁﬁﬁ%, Z—Z %
1 2 3

XCHO01_021_14 XCHO001 021 15

N 4

—— [ORBEMSBHEE X AR/ E RS

—— Iy, h,, h, DEHRSEEIK (hhh,) PRELCRROSENVEBERAKESNUED)
B (hh,hy) IREX— T &ER. MMNBEIEH.

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

WIFIIH&R —— (100). (010), (110), (111), %WE XCH_001_046_01~06 F7~o

XCHOOI_046_01 XCHO0_046_02 XCHOO1_D46_03

Vi £ i
"1

(110) (111)

(100)

XCHOO!_046_05 XCHOO1_046_06

(001)

XCHOO1_(46_04

1IIH&BP5(100). (110). (111) BFMBNEEHOAN: 31 6 ™A 47

{100} : (100), (010), (001) —— HIA XCH 001 021 12 FF7R
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XCHO01 021 11 XCHOO1_D21_12 XCHoO1_021_13

A~

1103 (111}

.

{110} : (110), (011), (101), (110), (011), (101) —— [ XCH 001 021 11 Fi7=

{111} : (111), (1T 1), (111), A1 11) —— 40 XCH 001 045 13 Ff7R

—— TSERNSHEHRZEXIBSENINRBNIERN, ESEABXLEEZFNH.
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§ 1.4 @RS
BT SRAEEHYE, —LYEESEEIE, WALRH: V(E)=V(F+1a, +Lad, +1d,)

—— J0E XCH_001_024 Ffi7x, A0 AR EAEEMEE, Lattice vector for two dimensions

—— BEERHMEUG,, a,, d, NEIRN=4FHAR K ////ﬂ;//
- Ero Ny
SINEISS, IR =4FHER R N ERH 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,-ad, xd,

—— BB, by, by NEXR, TJLUBE— MRS
BIBIBMERONIE: G,,, =mb +nb, +nb, —— EIBITRE, HNEEXK,

_ {:27z (i=))

SSREHESBRSEBTRINE: a5, =2m0,)_ " L 0 j=123

* HRS: SREBUBEN—XRT, XELRFEZ=FEINNE R,
wy XTNEBEHMERANEREHEHETSN

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

S t=1T, 7:0~1

aLUg f(1) = f (T +nT) SIERUUT ARE. BN | NFHRE

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

1
BEHRH: F, = [dee”™" f(7)
0
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27 wt
Bo=—Hft=T B3 1=—
T F 1S3 r

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

T

BB F, = [die ™ (1) —— mo R f(0) EBIHRT DOVEHRE

0
NE——E8s: EX: T, IEBK: nT

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

* BEESRBERERHEETRMNET
SBRREPE—mR: 225151 +§252 +f353 - qjéla nga 53 VRE

RV (X)=V(x+1la, +1,a, +1La,) GUBIERLS, S, S NRE, BN 1 (9FHRRE

BERURE: V(6,606)= 2,5, " = BB by b b OB

By sy s

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

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

EBb3:27Z'_' = - b2:2ﬂ'T; 51:2”T*Uf=§151+§252+§3&3
a,-a, Xa, a,-a, xa, a,-d, xXd,
1 = | - | - N 7i +hyéy+
BE & =——b X, & =——b, %, & =——b - XRAV(E,E,,E) = DV, ., e ahahs)
27[ 272- 272- hl9h2’h3

= i (hyby+hyby+hyby )% - Gy o X
BE: V) = DV n ™™ V@)= Ve

By by by by hy

\ 1 i Ry
— R, = Idxe R (5) =

a,-a, xa,

[aze =y (%)

d,-d,xa,

—— ROE—TRIEPIHT
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2. AT SIERTENXA

* ERSRIERSR T ESSREIEIR

-~ = 27) - o
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]52 =Qa,

_@ay

QZ

_ (=)

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

XCHO001_047

a.
* EB3O—HRE (hhh)H0G,,, EX G,

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

Q0B XCH 001 047 Ff7To

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

*x G, NSBE (hh,hy) EEHE, SEHEITMUE
RN (b, + hyb, + hiby)-X = 27m

a.

0 a,
—— n BAEERER—T—ARSEAP, NOo&EH. WE XCH_001_050 Fi.

_ o 27jn| \ 27 2
SEEIRRNESDS: d,=—— = —, BEk: d=r——= — ==
By + h,b, + hib, Wb+ b, +hby| |G,
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3. ARTSEBHNITXA

XCHO001_048 XCHO001_049

OP=p

YE XCH_001_048 Fim. [Rm O SI&Bi& ABC 894 ON, A% FEE—EKROP=p, &
pd =2r ; d R&Bk ABC BB NTE8—HKBEEE—m L, U OP NZOONEH, £ P
¥, SH—THHRME. XTHBIMARKNSBOARERS, MERRNSBIMNERS

B3 BRI EEANEE : STRFORENG,, 4y, d,: FRFNTEE,a,, 4,3, d,d,

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

J:@HR_EQ OP = b3 ’ 1@ b3 = d_ﬂ-o Eﬁi, XET%F a,da, @7 '/f%'\l:b] bl = 7” 5 XTJH: asa, @'/f%ﬁ bz = d_ﬂ- o

3 1 2

B EN="KE b, b,, b, FEURBIESHEK, 20 XCH 001 049 FiR.
ERSRBEVAIRQ = d; - (a,a, sin6) = d,|d, x |

~  2r _2xld xa,] ; 2r 2xld,xa] ; 2x _ 2xld, xad)
BRI EE: b =—="" 7l g 22 2B T =20 o 2 X dy
> d, Q > d, Q ] o

—— SRN—ESEEANERITPHN—R, XEVMESBHGT LBRANEN
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§1.5 SBIEREVXIFRILE

SWEVIINE LRIMHBAETEOXFRIE, B XLEXVFRMEME e VIR MR _E1SCUATR.

—— NBEEHIURTA—TZMKE:

—— BBNED,

= Z%ﬂ Ey
B

TR T IIIRHRRIA : £, = 6,0, — —NBKE

FIL: D =g E —— NEBHIUSE—NELIRE.

(o, f=x,y,2)

ERBNIRNSIAD, WRRALIRBEEE B ER T/ B EA,

g, 0 0

NEBEMABOTHR: [0 & 0

XT#TH ONpi) D8 E,: D, =¢,E,

0 0 ¢

NTEETH (FETABBNTE) OHP8E, : D, =¢,E,

ERBTI "ASKNSORE, MEFONTFINR. MITHSFIEFERNZSOEIE,

RIOEERAMEHPIERIGENS, NANSBRIMENANANXIIRE, SR SENEIXIRE ?

B SELUNIRENARR S EN B ERBAEERTRIAT M,

E=HBR T, ERTHERRN:

Y A

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 FfiiR, %%z MittomayIERX e S——
REVISED TIME: 05-9-29 CREATED BY XCH

WWW .

kaoyancas.net



www . kaoyancas . net

EE#ES BE F—~F BEBHL_20050406

cosd —sind O
fE. | sin@ cos@ O
0 0 1

-1 0 0
—— PINSORBERRE: | 0 -1 0
0 0 -1

—— — PTG EER), BETIRET +1;
—— TN EENINDINE, BETIRET - 1.

— IR EE T ERTR MRGAE, M2 NIDESR—TXIRRE, YHABXIRRIFRZ, EXY
RS

1 ITORRIVFRIBIE

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

3z
"2

\>.

1)%E¢ﬁﬁmﬁm:%m , 75 9 DSIRRIBIE; BRI XCHO01 026 01 Fiik.

2) L6 XENMEMEMr, HE 6 TXIKRIE; WE XCHO01_026_02 AN,

3) z%mnmm%mm%ﬁn%”,%, 75 8 RUTMRIE ; 40/ XCHO01 02603 FFirse

1 0 XCHO001_056
4) ERTHR|0 1 0| BR—UFRRIE:
0 0
5) UL 24 PSITRHRIEN P IDSSRIDR SIFRIR
{E —— IITSABINVIRRIERT 48 Do 1R
(a) (b) (©

1CZ0E XCHO01_056 Ao

- O O
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2 IEPIEAREIRYFRIRIE
MUMNRSUFENEERNE NS L, BREOEARNTITMRIESSTEIIHRRIEZ P,
Y0E XCHO01_027 Ff7Te

1) SR=DILOWED: 7, H8 3 DUNRRIE;

2) %44ﬁﬁmmﬁﬁmﬁﬂ%§ﬁf,%ﬁs«ﬂﬁ@m;

1 0 O XCHO01_027 B
3) ERZTHRI0 1 0|2 — DRI,
0 0 1 A .
o . 3r .
4 EEDIOEER: -, NERILRE, 6
FRIBIE; DY
5) 456 RENAAMED T, MNLDNTE, 5 6 AR '”C

BIE;
R It [F PO EARBISYFRIBIE LB 24
3 IE/NEERNXIFRIRIE

1) ZRPIVIBLYET: %’ ZT”, 7, 4%, 5?7[ , HE S PXIRE(E; J0E XCHO01_028 Fi.

~ XCHO001_028

2) ZXIRPRESFESN 7, 83 DXTRERE;

3) SABXVBECPINELFM 7, HB 3 PIRRE;

1 00

4y EXTH|0 1 0|2 —TXFRRIE; e
0 0 1

5) DAL 12 PXYFRRIEND PINSOBRD B XVFRIRIE

R IE/NEAEBIXIFRIRIERS 24 1
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4 XARR

NEVSH S — MR, AX——JIZEEXITRMRE, MEMmATEBH “XIiR
=7 XUFRRRE — TIAEONRRLHE, DU HRF: — SR,

—4%%%%—¢%H%ﬂ%?,W&H%@KEW,WﬁH%%%nEW%H,H%m

—4%%%%—4%%%&%?ML$M§$%%@@W,M&Hﬁﬁﬁﬁ%%ﬁxﬁw,mﬁﬁ
YA n SRR - ORI, TR,

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

—— EXAL (7) N2E:MW, Hh2; BNt 2 Skt - oEW, 12

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

A’ Q:JT(—-—‘) A

* 1FPO@EE

—— IR 4 Bk - fORM, BAR 4 E4;

~
—— BXNRAR 2 ST - OE, B 2 518, //// N ///Q

—— RXIBLMRE 3 B, B4R 3 Eliek: - RM. \qAn

* NIRE2, THSN: st r, EEDINE, 20/ XCH001 029 Ffim. AVSSEbn FE A
SR DINEETFEBNTE M 0B, REXIMRE 2 BE— 1 UFRE M. FILFRIRE 2 NE

B, Bm, or o &I
* SUFRIRIERE

—— — MR EBBXIFRIBIEARAL — T XUFRIRIEEE

5 BRERIR
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BER—A “TR” &S, G={EABCD.... X% “TR” KET—EN “FOLEN”, We T
SRR :

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

2) FHPAITRE, BEBABTHRBE: AE=A

3) IFERTRA, BEPETRA", B: AA'=E

4) JTTREW “FTERcE” HEBEEE: ABC)=AB)C

* I B RE8E

1) PIBIESRHO BRINIES, UEBIRENCEEN, HRIESREEL

2) FTERYNES, UDENTEEN, ANEHEL

— MIEDBIFRRENESHE DRBNEN, HaEENRRESURIE.
PAITER: NEhERiE

IRTRNYEITR: S0 BE, HPRENSGEM -0 BE; PIVSOREIPRIFDEPINSIE;

FESRHT A 70 B IRIE, ABXTTF C #/E, W/ XCH_001_030 C 4,2 7
ZivaRes - 21/3 w5
S
A$BE: 45 0A $EEP§E)J%, S fSEEE T ; s
T
BIRME: £50C it , T°iksa) S & A
8 2 / XCHO01_030
EMRIED S A0 08, T T SESEE TS, 18ST—NBIEC: % 0S EHﬂ%ﬁszﬂ
=% C = BA —BSHM
FUUER: A(BC)=(4B)C —BREEE
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6 IIONIREBARINTEBREL

D, =Y e, E, . ey=6, —— a,fERBX, Y, ZHOHE, BEX, Y, ZHHITIAN
B
=AIITSHTSE. S0 XCHO01 037 Bi7R.

YVE
QH)RIZ Y

X /2 /
Z/ / XCHO01_037 Z)E§

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

XCHO01_037_01

DX XX Xy gXZ E.X
Da o Zgaﬂ Eﬁ ’ Dy Sl &y &y Ey
“ D E. &, & E

z zx zy zz z
aus: D, =¢ E, D, =¢,E, D . =¢ E
ﬂ%%%ﬁ@%ﬁﬁ%Y%%ﬂ%,Dm@@@%%ﬂomEXGNMﬁw%ﬁo
zo>x, x>-z,y—>y: D' =D =¢ E, D''=D =¢ E, D' . =-D =-¢FE

ZFETHISKHE, Bi78BE, BRNXE—TXINEE, SKEMRIERBETER.
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'
T,

.
—sin—
2
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0
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SBEPRTOFERMHIIEM S BE—EBZEUNIRYE, NESFRBR S HEIIERE IR,
EVARMRIE RS — e8RS,

ERSABIRLRTAIRE S (1,6, + 1,48, +1,a,)
—— AHXRNMEGRETRE, BRERIRIES R,
* XIFRE

RRE—TNIMBEE T VE, VYEANSENSRTMUALa, +/,a, KA, 0B XCH001_031 A
o GSRHIBVERXUIRRIE, BUBEN: 0 ;
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XCHOO01_031
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ZR4 2 BVRRTNIT N A, S5 2’ BNFETNTTN Bo ESUH{TIRIE AB, S2EBNM L —R N ORIRK,
2 BER 278 E.

t N
A F0 B $JRRIFRIE : C = AB —tB2XIFRIRIE,
C BUIRIENIR 4 NN HIFE)T 20 BE. /24 —>
&
H260 =60, 90°, 120°, 180° X X
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XCHO0O1_033
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* 32 MR BE

IBICIUEBRED 10 FOXUFRE RALAM 32 I RAM M. BISENEMIIRRE 32 MBI,

C,: RohiRfE, REF—ITR, BEETAXIRMENER;
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C.B: C BN LEDINGE;
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—— B 32 MREEHANSENIRE, WNHRE 14 AR, DN 7T 1T8R

SBRN=1EXG, b, ¢ BSEBIVRARMBEEESD, E—RBERT, TIERALRR. ©
NawemBa, B,y &x, BZ(a, b)=y; £(b,¢)=a; Z(¢ a)=p.

ZARAMRIIDHTAER -

S5 B L AR 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,,
ERINIEZRR, BINEAR

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

C4> C4h’ D4, C4v

U5 &R ay=a,#a;, a=LF=y=90" | GLIYA, HILITH
Dy, S4s Dy

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

Ce» Cap» Dg> G5,

NARAR VAV::
0 Déh > C3h > D2h
Zaja, =120
B, WLITH
S a=a,=a,, a=pf=y=90° T, 7T, T, O, O,
BILNTTH
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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) EILER —— %0E XCH001_034_05
6) {RINER —— %0& XCHO001_034 06
7) BIMIER —— Y& XCHO01 034 07
Simple Orthorhombic Centered Ortharhombic Body Center Orthorhombic Face Center Orthorhambic
ra, S =
LN
»
a;
a; - . ° L ] A [
XCHODOT_034 04 XCHO_034 05 XCHODI_034_06 XCHO01_034 07
8) =f —— WE XCHO01 034 08
9) MRS (FUFA) —— W& XCHO01_034_09
10) AIWIEFS (PUF) —— RE XCHO01_034_10
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Simple Tetragonal Body Center Tetragonal

' a; /

Trigonal

N

[ ]
a,
» I a ,
XCHO01_034 08 XCHO01_034 09 XCHO01_034_10
11) ;A —— WE XCHO01_034 11
12) B0 —— WE XCHO01_034_12
13) ARINITS —— WE XCHO01_034_13
14) BINII/S —— WE XCHO01_034_14
Hexagonal XCHOO1_034_11 Simple Cubic XCHOO1_034_12 Body Center Cubic XCHW1_034 13 Face Center Cubic XCHOO1_034_14
[ & =
/ »
°
»
a /
S _ a @ - — r - - 1
L

—— RTEARBBHIXA, WE XCHO01_034_15 P/

XCHO001 034 15

Cubic

g ﬁﬂrigonal

Tetragonal
-(:
[} \ [*

4 -
' .
a L] [

Orthorhomic

L

s
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BERRGEERE, B THARSEERENNSSD, #—SHRBAKREDOIML.

EETRSARENSONZH, XM Y MESERE L. S6E Z o0 EHFRIEHREIR, Mt
XY VERNDRRTEFIAE. B #Hmiliig ST REESERBN=EFTHIE.

TUHEARHIIRIR S {18, +L,a,} —— Hiba, and @, NEX, | and L, NEH,

XTBIOVIIA&ERE, £ (100) SO ERE LRSS EHES, WE XCHO01_052 01 F7R;

£ (111) S6) RO -LEMAMAS ST 2 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] a L - a 1

Ll L] L] L] = =

XCH001_052_01 XCHO01_052_02

ERAEAEEEWRBAE. BI-BEEF=—4TEFNAN, XLEJUBBEHEEET,
ARSI Z=EHRET.

SAEE L YEEaE 4 gEm, BETMUB _AEIESEIRET.
B o —— - =271 (i=j=1,2)
IS S 5 T SRR S OERRE: 4,-b, =275, =
‘ =0 (#))
EVEETRENSNERG, B b -2r—2"h f 0y GG gpesaae
a,-a, xa, a,-a, xa,
“HEBIEE: G, —nb +mb, —— FEMERSNESIIN " EEIBI .

TUUFASAERE LB R TR NEEHES, BB RaRER.
B R NEBIEE: V()= V, M

hl’h2
SRR _ESBOURERD
BT S&SEMILE Z Ao ORA, —HERBEIXNIMRIE 6 1
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B 6 FPXIFRRILUERN 10 T _HmBE, BRVENERNBRID, “H#RBITE 4 TER, 5HPH
ARIB S

— # SNSRI MAIRE S

BR HABE MRS S
Y] a#b,y#90 ‘e
KD a#b,y =90 BEKH

DINKTS
£ a=b,y=90" BRI
PAY:=: a=b,y=120" B8N
=l

NT BURERBLSONAARERNA, SEXRANGBATEREENBENSLNBNTEL. BEERE
RRAE=H#FIAMSHNERZ BNER, JURTCEERFKRIE—— RBEE.

A a, and a, RRBEABSREAFTHVEER, SRRAO_ESBEXN: a, and a,
XREERBIEER BN —— REHHE.

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

R —— &R, (hihvhy) —— SKXREFENZIIEH.
pIgn: Si(111),,, —— & (111) RBRIFHINFRNERBNFES 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 =
Za,,a, = Za;,a,

HBAXEBLE=Z_: R(h,h,,h,) , 0B XCHO001 052 02 ff7.

BID: Ni(100) . —— Hb S hERERKES-

)

AANHEGLIRBAANBERERD, XENEBNRSRERINMEE. RIVRNEX, BS
OJHIKREEB 5475 (LEED, Low Energy Electron Diffraction) 3X1§Z&EIBLNY LT,
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EoE EFREE
o SR
w SIRGSEHIEARR
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§2.1 BIMES
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- 71 e XCHO001 010 01
‘ |8 |8 & | . .
¢ o Nd
/ €
GiIF
XCHO01_009_01

B CsCl WPll, FERREEREN, Cs RIKENBS, CIREITES, ERBEITR. UBITNEE
875, ENBINB8INMaERNAR TN, BARENIRNIRMENS T RES;
Na = Ne, K = Ar, Rb = Kr, Cs = Xe
F~ Cl” Br- I~

o BISARE: QRUEE. NBEIFER—TNIRRRE;

w BISBENGEET): E. NBESTZBRECISIDEFRMEESER, S50 —TEiEEN, 87T
SBRAEBRIE, MTBIHHNERENEI TORIAETERBRIAIRD. SHRTIMIRSITIE
5Y¥EN, EARENBIT &K,

w —IOBIFHREBBEINRIEBS;
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 RZHBEITSENTNERBRE, ETLINE—FHERKILE.
SAHEAEI(NaCl, KCI. AgBr, PbS. MgO)@E(IEK 6)
SHE#AN(CsCl,  TIBr, TI) (B2 8)
BIBERDBRABNFZHEMN ZnS F (FAE4)

2. BT B SEHMR

1) RARNENITE

z ' qZ(_l)n1+n2+n3

2.2 2.2 2.2
. A, (nir” +nyrt +ngr”)

SHBE, —TEBIOYECE:

1/2

BEAENTEB ST 2 B0MBERSIFCRENEEHIRAE 2. MU NaCl &P, r NAEWMEND
1
2]11,}12,}1

——n,n, , BRIBENRS, B 12— ECERNMTBEIAHEE, —TBS0ECENE
BRI —

= NV AL 1 ' (_q)Z(_l)n1+n2+n3 \ =7
—TAEINTIESLE: S > Ame (Y ——n,,n,, n, BREERNE

ny, Ny, Ny

5, B 12— FECERNRITBIRE, — TBIHNECENEEIFREN—F

q2(_1)n1+n2+n3
dre,(nir* +nir’ +nir’)

- N EEERIET, SRR Y

ny, Ny, Ny

1/2

2 _1 ny+ny+ny 2

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

ny, ny, Ny

_1 n1+n2+n3
—a= ) (1) — ——a:DEREY, RLRRTSENSAE.

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

ny, Ny, Ny

JIPENHNSFREHSBEEN

F&BIK NaCl CsCl ZnS

EHZP

Bt

Ux,

DR 1.748 1.763 1.638

5

m%ﬁf%%ﬁﬁ%iﬁﬁgééw%ﬁﬁ%:mrmﬁﬁﬁ-

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

www . kaoyancas.net



www . kaoyancas . net

BEWER BE FIE EBES_20050406

£ NaCl BIRPR %ﬁ%%%%ﬁﬁ@%,ﬁﬁﬁﬁmﬁﬁﬁﬁﬁzﬁg

2

- SikE NS, Aatr: U=N-—21 16 27-n-21 5,
TEW T ror

2) VENGSENERNSBEE

RITEREGEHEUG, RAETEROVEES.

WRDBEAMEHDINR S BRBNARS, HAENT, EAGKRINARERE, IHEE W, TRW N
S5 - W MRS ERERERABIARE.

X d
REZEMGL, INFIENETRANAEILE, B —pdV =dU, p-= ——le]
au
E—REHT ~ 7 =p, =0

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

& XCHO002_001 A0 XCHO002_002 B[R 3= BBVER DAL, FaMIE, WRSINSHRIE
EH0E, RTOBEERBRER] —— FRBINERIRK.

J XCH002_001 XCH002_002
ftr) u

Force between two atoms Energy of crystal
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o SEISEA: 7E,=,0:0’ —¥+ 0"“ =0, r0:(7) 1
1 1
NaCl SR NBINIILO &S, %‘?H@{N}j\zf =Z(2r0)3 =25

—— XITF NaCl REEREABT 2 B0 1, NIBVERFT 2 ABBH -S> —: r,=a/2
w PR NaCl BIAER: ¥, = 2Nr;

3) BHRNRERENSEHRE

dp dUu d’U
AR S — Yp=——"RNEZH =
HRERE: K _dV,Hp dVﬁAﬁﬁK GQWJ
V

e d*U A B .
yﬁ%ﬁ?iK=Wgﬁ%w>%U=Nk—+7HMGQNPﬁA
r r

1 24 +1B
g8 Kk =——(-24 2 DB,
187, 7 7,

du A B :
AR —08mR: - S+ =0f A= -2
dr|,._, A 4re,

2
,%gﬁgkglﬂiﬂ%_
4re, x18r,

—— HIBESRENENREEHNGEERE, N ERNTUBEHRDPHSH .

SUENBSE: W=-U®,)

A B A nB aq’

BU=N[-"4"]. —S5+-—=0f0d=—1— R\
ror A dre,
Nag* 1
- SRS SE W= 1-2)
4re,r, n

—— RIEAOSEHEN n, JUITELERE
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§22 RNES

i

NEEREMNRT S —TET, TEAPMBIHENR,

N
/|

TTRERRPE IV EITR C(Z =6). Si. Ge. Sn (NB)ZBEK, BENGSE, AHNBK.
HNMRPAREILUS D THWEFTELNEM.

MRS AR B, ZBHERT TN, S8 183, HIB—HRRE: ¢, and ¢,

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

2

fi
(_2_V2 +Vp)pp = €50,
m
—— ERIBETE, BRHRXE, ERENE. KM TBIF AWM TERTHAHEE.

h2
BEERTNRTRE: H=-——V:-
2m 2m

— VoV AV, +Vy Ve, + 1,
—— TR AN BREFNRF, 15702 REH BT
SNFHANBIHRNETEHE: Hy =Ey

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

—— BEREMNET ZAMBEIERV,, EaREH BB TR,

—— HR, BER BT 2RI w7, 5) =y, (Fy,(F)

W, (7), v, (F) DAIRED T PR TEBSHIRRH.

v, (7), v, (F) —— DITHNERRE

hZ
(—EVIQ +V 0 Vv, =&y,
DA R EEEIS DT : 5 —— BEBEIENHIE

(_%Vg Vo V)W, =8,
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RARTENNRT AFBH: ¢ =¢,=¢,, JUERDINBERRE Y, (F), v, (F) RIRTNE

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

w,(7)=Clo,(r)+ 4p,(F)] —— EDUERFERFT A==%1, CREB—HEH

=C + Bonding state
ssmemmy: Vo Paton) e
v =C (p,—93) Antibonding state
; dr
8 = J.!//Jr—% - 2C5(Haa + Hab)
L Jviw.dr
D DI HIEZ IBBIREEZEAR -
Iy/ Hy dr

£ = =2C*(H,,-H,)

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

H, <0XRTNBIoERIZEBNECIER, XEBMREHEEEN TR HRERZR S,

SRNRESHEERS S. MRS LLIUETRTERBRNES, BEANEE TR, =
KEBEERSIBER. W& XCH002_003 /N,

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. ,":.*m. tion for bondfng state

B —— URNBERASESHRIERMNBNHNEE— T &AE, 8838 2 7875,
DAXKBEA RS-

HNBRHERENNBSEM, NETTRURAEFE, IENBITEIUR NI, R
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ROMEMENBIHE; SNBITREBUFHEN, RIESFRE, HoBEIFVIREIREREXT,
RUILRERBI RN RME/NTNESTHE ;

IV iR —VILEEBTRKERNRBES, RNBHERFTS 8-NRI.
DA —— RIREFENHOLEERNE, STHNRZEEHESEXED.

RIEHNBRNEFIEL, HNBUBBERATERANRAM BT NEBERENEE, B]—
RIENBTREIMRA SO _ PR R,

—— BXTENGCDP CRITEMBRNE, BA “NERL” BICHITHER.

CRID: 6 MBS, 1s°, 250 2p° TEXIPIBER FRE 2 MBI BAEXN, MAESNGDENC
R3F0 4 MEBHBICRI AN,

NG PRNMRBEVEZ MU 25 A0 2p KRR EBNBVFTEVEB S IRSEMEY :

1 Carbonl @-.......
l//h] = E((ﬁzs + (osz + ¢2py + §02pz) ar_._(.}n'.‘- N e E

1

Y, :5(902‘9 0,5, _(pzpy _(sz;)
1
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az (), —-
ISR OIS : 2ag

NIRIPRRENPENE, —HEETRT WERHIE: —7<2a9<7

Tyl —— = HEWK

—FBEWEAN: =

a
- h s
KABEBRMOREZME: NQaq)=2mh, q= ﬁZﬂ —— h REH

—— SNERESOEMESHAE: =~

a

—ﬁ@%@ﬁwqmy@:%@%:N~——%%$m%m@@

a
YN — q BRZIBR : —2 BRI —Z SR

— DESRHBEN 2N, NRITHHE 2N,

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

www . kaoyancas.net



www . kaoyancas . net

EWESR BE FEE BBERTSEFRIFRZFEER_20050406

XCH003_006_01 w

- EBEXABVRR

Optical phonpn branch
V4 s . .
gt (RRHAR) —— R /\
a

PARPAS B BISK -

Acoustical phpnon branch

1 1 1 -

(@) =Ly e ) -1 =my? =Py E 0 £ ¢
1 ool
(@, ) = (L2 (m+ M)+ (M -y = (222
mM m

BEAM>m, Pl (@) > (@) e » TRE(@,) i > 0> (@), IEEER,
(0,) pin ~ (@) o 2 1B1BIMESBEE USRI IR
—— —#HEWNR T @RI EBISEEs. WE XCH003_006_01 FfT7.
w g >0 —KRIRRIBR
>~ SR

(m+ M) dmM . . dmM

? :ﬂm—M{l—[l—WSIHZ CZQ]Z} i Wsmz(aq) <<1
MAx<<1, &l—x :1—%x
HIPEEAN: o = 2p |Sin(qa)|
m+M

o _~a 2p q

m+M
— o BBERAS—HMRTFERITNBEEN L2808
—— B HEORISITARNGEREER S REESE
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_ma’-2f

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

B3 (5. -1

—— REOHR MRS RMNREBAEGD, 208 XCH003 006 02 BT,

—— AKAFFRPBLRT RO OED, HERIBEE, BRARNBRELINERI). WE
XCH003_006_02 F7To

XCH003 006 03

Long Acoustical Wave Long Optical Wave

\M

XCHO003_006_02

- K

o = g+ M) {1+[1—W4T—Aj‘j)2sin2 al’)

—— ﬂ—g)zsinz(aq) <1  g—>0

g > 0EIREMERN: o, ~ %, U= mm+A;\[4 Effective Mass

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

?%%(%LZ“%”——K%ﬁﬁ$ﬁ@%%ﬁﬂmﬁ—ﬂ,@%%%ﬁﬂﬁﬂ@ﬁ

—— RERIMRSAZEIRE), RIEPRITZEEMEXNEE. WE XCH003_006_03 .
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BlfR E— 4SRRI, WRm=5x1.67x10"" kg, M=4, B=15N/m, it&
m

1) ASRIRROIGANE @y BIVE 0, BSRIAREIRALE 0,
2) BRI SEIRER By« Egn F0 E

3) £T =300 K ~, =E3HESNZD?

4) WMRBEWRHRNR, R oo, NESHIRNBHREKEH AR ?

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

WERNFAINE: 02, = ﬁ, U= mM__oom, o’ =Ej%=6.7x10” rad /s
MU

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

E-4 =lha)”‘ E*Y =0.198 eV

max 2 max ’ max

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

1

—&,/kgT
ze K

n

RIBP—HRHE DI P, =) Ce™ =1 —— C=

P e*En/kBT P e—nhw/kBT
n Zefgn/kBT vt T ze—nhw/kBT
n n

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

:Z(n-l— he, = Eha)+(1 e*””’”)hmz“ne*"hw“‘s

A ' = — 4%§U§:%hw+h—w, z= ;+%)ha)

(1 _ x)Z ’ eha)/kBT -1 (ehw/kBT -1
. e — 1
Rﬁﬁ%?ﬁEﬁﬁﬁwﬁﬂﬁ§$ﬁ%§:8=UM@+EW@@)

1

h(u/kBT -1

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

1

eha)gax IksT 1

ET=300K F, WK’ NE5H3: n° (0, )=

%k, T =0.026eV FOEC =0.442eV N nmax(wmax)—%
60026 _1

Mo () = 4.14 %107

1

HSR M (02[” NETHE: ”lzin (a)gm) = WT} , Mo (a) )=2.42x10 7
e min ' B —

min

SRIRR @, OEFHEB: nh (0h) = ; 1 (0! )=4.93%x10"

- hof 1k,T P ax max
4) MRABURHAR NS, BHKR 0l NESERNBHRR K EH 4RE ?
B EC, =0442 eV , SURIERHEBER N A = 2.8 fom

—— BHK o, NEFHIRNBHREKIDTIINGEE (Near Infrared) (NIR)
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§3.4 Z#SREIRN
—#ERNBT: BEEBN =N N,N, MRIEBK, —MREDPE MRS
n MNRIVREDAIZ: m, my, my,---m,

EINRENME: R() =14, +1,4,+1a,

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

[ [ [ [
RIRPIRTEEE RIS ﬁ(J, [{2} [{3), ﬁ[nJ

[ /
- sermsssmn mifl)--m o

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

- i[u—k(ij-q]

/
—— DiEROEN: ﬂa(k] =Ae

GIRMRINE 3n NEIMTIR, BEIET A, A, AL Ay Ay Ay Ay A,y A, 56030 D

FRIE: mo’ 4, = anﬂ(z k']A”
k'p ’

RIEBAITIRNNERM, B2, (j=1,2,3,3n)

IUUEA: 30, 3P, cq: B=DRRERAm 0’ 4, = anﬂ(z k,]Akv,j
k'p ’

1BRIA, A, 4, A BF—B. HETKERET, = MIRMOSEERNERaER> 8
MIBXEE) —— Ry 3 TSR,

78 3n -3 XKRIRBISRBANE —NREPSRIEOEXEE, RN 3n-3 TSR,

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

www . kaoyancas.net



www . kaoyancas . net

EWESR BE FEE BBERTSEFRIFRZFEER_20050406

0 SO — N EIRDE n NESER, B 3 TESH 303 TSR,
- SHERI0, BENKE, TUETRN: §=xb +xb,+x,b,

—— b, b,, b BRERIN 3 NEK

T X, Xy, Xy NITARH
[ ilor-R,(} Jxb) ilor-(Na+R, [k ]
A@@>:4ﬂ el _ el
/ iTot=R, [t )by 1 il t—(Nyay+R, (L)) xyy ]
RRE - EBNRAME: 4, (k gl ()
/ ilot—R.(L ) 30y ilot—(Nsay + B[ )by 1
ﬁé[k by el
2r :
T Nap TN
Naxb =2rx 1o !
N,a,x,b, =27, x,= 27 =X, Y
N,a,b, N,
Nyax;b, =27
2r hy
, = =X, =—
N,a;b, 3
=) 1 hz A h3 > AN K
BR: g=—"b+—2b+—=b, —— h,h,h 3 PEH
1 2 3
o = o \ b b, b b-(bxb
B g AR (— R SRNRAER: 1= o (2 by A (B xb)
1 2 N3 N
* _
F”=%v,vﬁ=h(QXQ)—_%ﬂ%%ﬁ@%ﬂ

e RSEE: == — = =
Tk b(bxb) (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 SRR : e O
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BRNE— MK : G, =nb, +m,b, +nb,
e—iﬁ(l)-(én+q> — o R(Da
R()-G, =(La, +1La, +1a,)-(nb, +n,b, + n,b,) =2 (ln, +1Ln, +1Ln,)

—— GRG+G, FFHERAIB—HE

b, b
1 <L
2 9 2
_ . b b
—— JEBNERSE—MEESREe, M RBME: (- <q, <
b3 b3
__< < —
2 1: 2
e Ve - |
GERE: ——— b (B, xb)|=N —— REFREHH
(27)
A kb b (N, N
2 N 2 2 1T 2
g=tip g I b Rh b N, N
N, ' N, L 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, AABRKDE: N-(3+3n-3)=3nN

3nN

E=33 () +§)hwi(q) CE=3[n(9) +%]ha)i(q)

q i=1

—— HE3IN PARERR, BIF 3IN TEN 0,(9) 1B, IINSBIRIBEEIBRMMIAE o, (9)
BYE

—— X SERBIRTNBVEEE SFRNFS (Phonon)
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net

o RENX

“#mENIX, W0 XCH003_009_01 o

XCHO003_009 01 XCHO03_009_02
; ) ° ° ]
b []e
2
.\ \ / T \ Brillouin Zone |
7 a o B ° Ve
L] b g
b; b Brillouin Zone I1

O : : : @
\ l / \ \. b] Brillouin Zone 111

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

m [FSSHRERX
> 27
a, =ai 1= 71
EOBIHEX: = . — ARIRBREX:
= 25
a

e E—HERX

IS aBESSE TN MES: b, —b, b, —b,

EESZﬁé%Eﬁ;:kx:i% ky:ig —— BERNKANE—HBRX, REOEBMX,
E—HEWEIN: (2) —— 10 XCH03_009_02 Fi7,
a

o ETMERX: B4 PMEBR

b +b,, —(b +b,), b —b,, —(b —Db,) NEEFLNHEAE—HEMNTHEL.

5 AR BWIX A (27”)2

- BB B4 MENS S 26, 2b,, —2b, —2b, NEEVHEHE - HABHDREN.

%Eﬁ%%@ﬁm:@zf,wﬁmmmgmgm%ﬁo
a
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-tﬁﬁﬁiwgm%&@uﬁiwmﬁﬁﬁﬂ,ﬁﬁﬁ@%@%ﬁm:éff

NS T RERKX AT E SNV B2 EHE—mERXES,

0 3 DK L

Na
ISRV

BAE w"+E
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§ 35 BISEABKISR
SBBPNFZRPBARTEBE—D ORI, HFKP, REPRERITAEXIBIERN.
—— DRKHRBEAEAFIN, MXBRSIENFRENTE.

—— KFEFPRNRIL S RIBEUNEIRE)

—— KHAERP, REHRIVMRISAD

WRSBAEBENPRIPBITEM, KHSRIEEBPERENERM .

L KHFROEMNSIE

BFIPAEES (IE. ABS) FMANNEINES (ID&8HK), TR, BRONAEB IR
pulEliE s

—— DRKHREONEAEKRSS, BRHE 08 IFHUBRETED

AFRBKEERN, EBSMARN—LHRRFERBOOBAE, MABIPTAMNS —LLAIREE
(RIS @A, ERARPHIMEMEIRL. 0 XCH003 010 AT,

—— KSR NIRRT XCHO03_010
Positive lons

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

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

— MM
—— Q: BEER;, —— M=——"—" AESE
BiRE Mo OHERE

+

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

—— SIW = b, W + b, E BRSSO T2

—— F512 P = b, W + by, E EAB S 1BRNTTIAS = L BIMR A0 TR B 7 75 187~ S BT N0
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1) B85 NEFBNEBERt

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) 16 E 70 P= (b~ )

11

bZ
%ﬁﬂd@%h:%—ﬁ.

X
2) BB T~ SEBNTBRM

BIHNIREIT TS T RISIRMEVAE, BW =0, P=>b,E
b P =[e(0) —1]e, EFOP =b,,E 1533): [e(w)—1]g, =b,,

2 2
B [e(c0) ~ e, = by, FO[£(0) ~ 1]e, =b22—% /83): [e(@—e(oo)]so:—%
11 11

EENSRTE: b, =0, —— BELZROVIR

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

—RBI T, SBRPHKAZRIRMWR, KAFEEIMARNES (LO), RBKHSFHIRT
HEEZRNORLEB, RHETERREBINTFE I

KASERANHEEZNE., TRk B, KAFERITEHEESIRNENB, ol
Bhetn, BB HE IR,

—— KAZEEFINBHES (T0), KAFEREFBWM, JLADEHRERSE.
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§ 3.6 T RBIRENLHNNE 5 7%

SRBIRMEVRRFIDERBRR —— SBRDNBERR, TRNSBIRNEVIRINE,

MAPFTIFBEMEET. X FEAGFIET S BB OVIERMRETSI RN E B8 IREH8VRENE,

1. 3 IFEIEREY

NNSERDINFEEm, . B p. B E=-L

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

—— FIRSKE: G, =nb +n,b, +n,b,

—— BINEME: hg

—— DIHWEEE (0.02~0.04cV) SEFTHHEE (~10 V) EFHEANMER. FRIABUBSD
AL EAN PSR PITHEEE  MESTOIMNEK, FREAFPSHEH P L8 1T
KA WEFTOIRK, MILUBESTEIRINE o(q) ~ G -

—— MRNEHRIEPTHREESHFIH

NEEERT, RILT UL RS SINE P 3-HETRIGHIAE
ST, NMERERIDSHESTEENES.

2. HFE5EBHIRRMRS

MEFDEEN 0, k OASEHT, BISITEHHG, THMEDREN o', k' OBSEHKT, SIE
NESBD~E, KNRIW—MRIDREIN 0(q), § FET. XIEFFTRIERIRHE

+:hw(q) Absorb a Phonon

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

WEIE: hk'-hk = thg +hG,
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—— BREAGIBMENAGT G, NEATSOHRE MK, JUSEIFTHIREIRKE
AR, BIFESERIMNME o(g) ~ g .

1) XTEKFFREIBEER —— HTHHEMEEY

—— KEFEAET: o(g)=v,q
—— TR 0=Sk=vk
n

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

Fibl: ho~ho'—>o=0'—>k =<k’

—— WREKk~q NI REFZREIHEN, AFESHE BRI A/NNTILEE,

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

XCHO03_011 k !

EARAABEELONSHAETHNHFATHMEK 0", KA
(q) = 0 — ' 3R FE ST HWREK,

@Nﬁ%q=MMn§H%E%%ﬁ%ﬁX¢ﬁ%ﬂ?$%m
?}Eﬁj]i% a)(q) ~ q o

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

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

TR ¢ BEUERA, XW—RINICKAINCEIRE, KK k R\, B, HIFE5HFREITR
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SHEEFR, REITEIRK ¢ BRI/,

—— ATHNSHEREBT LI ESKAFRNFTOBEER. &3 8ERKTUER XCH003_012
e

AT \SIH 2 ERREATE : @ —o]=3x10" ~3x10" Hz —— Raman &S
3. X HAERRME B
XHHAFEESBORE CEETURK), TUBRFAREF ORI, HTFXFEEE (~10%V)

ERAFESTHEE (~10 %eV), FIUESRREAR HREEHIDSBNEX N THNRIGNERE,
RIhRE B3 BIAEE R IREXERT.
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§3.7 BEIRM
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§3.8 BIEASHEITER

OE =
BENESHE: C, =(8_T)V —— E @F8gRNee.

—— BN ESBIRNESNB I T HEES.,

RREREPEMIT, S/OMS: C, =yT+4T°

yT —— B3NSR
AT —— SBENASHER, DEEFRAROBR, B3 UASTR), TURERT,

o SBISTREIXTINS HITIER
R — N EBIRIFIIEEN £, T -

WRERE N NRF, 268 : E =3Nk,T
BRRINE: C, =(—),

C, =3R —— B Ee
—— TRRPEHEN, NSEHEERRETE,
.- SRRHNEIEL

FZR—TRE N o R INEERB S ERXIAS TR

1
SERB—RIESHRE, = (1, + Dhe, BN —— n, B3

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

1

Ze—Ej/kBT

n

RBII—HRHE Y P, =D Ce "M =1 — C=

J
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o Bkl ohe kT
P =——+, P, =

n; ZefEl-/kBT ’ n; Zefnjhwj/kBT

nj nj

HAY x" =(1-x)", B8R, =" (-

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

J

_ 1 - 1 ot -
E,~=Z(nj+5)ha) , E.i:Ehwj"i'(l—e haoy/k T)ha)jane o, kT

J

n X =k~ nl 1 ho,
A ;nx =m, f%‘EUEj =5ha)j +6M)TB;—1

on I = B 1 1
RERSURIHREIIE £, = (G +)ho,
e " —

= IR N o BIIRTDIE XIS BYTTRA
dE,
CVZCEF%

ho

jN2 he;lkyT
—)e
G

(eha)j/kBT _ 1)2

C, =k, —— SRBRIIRISEEXR

—— BRIRR kT >>ho,

ho, ho, ho,
R G MR =S D)
c g kT o kT k,T
14 B ®. B
(e ’/k‘gT—l)2 [ha)j +l(ha)j L
k, T 2 k,T
C, ~k, —— NEH
—— ORIRIR kT << ho,
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(ha)j )zehwj/kBT (ha)j)zehcuj/kBT (ha)j %

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

(e /KB _1)2 (e /KB )2 e'i'ks

ST 50, C, >0
o FTBEIRMEXNASHIEN —— SRS HTIER

—#SEENFRE, ST RBE— RS,
. 3N _ _ 1 )
SIEDE INMEEER, 28EEE: E(T)=) E(T), E, =5 ho, UT
J=1 -

1 o dE (T
SEONEE: C,=>.Cl cyzz%
J-1

Jj=1

. ZRIMBRE: WTFENTMRIEHNGEE, SEPAEHRITBUETMNEodxE.

3N W hao.
EZZEj(a)j):Z(Eha)j‘i‘hwj/k—B;)
= = e -1
— 3N 3Nhw
E =—ha, oy 1 kpT : 1
oE ho e/l oE ho
C, =(—), =3Nk 02 , C,=(—), =3Nk —L
14 (aT)V B(kBT (ehwo/kBT_l)z V (8T)V BfB(kBT)
hay/ kT

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

EREFIBNSHE : ,
= j;(kBT' k,T' (5T —1)

O IT
e’r

_ )
- ZREHSSE: ho, =k,0,, CV=3NkB(75>ZW
e E I

—— FEEEEN G, B, ERTERANIESHIEER, BISiHENSRANNNEREBBIRTS.
SITAZHEA: 0, =100 K ~300 K

XNERG: 0, =1320 K, BIGIHEFRIGSR LR IE XCHO003_013 Fo
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6X4.18
| et e _ 1 5% 4.18
BEREN (%7 1) - (&% _ g 2Ty '
2 4X4.18
T | . S3x4.18
. Ly 3
(eHE/T_l)Z (0 E) (eE) U 2X4.18
2T 2T 1 X4.18
0 0.1 02 03 04 05 0.6 0.7 0.8 09 1.0
C, =3Nk, — StE-BEEE XCHO003_013 /6,
ho,
7] fi 7
SRR ka’; >>1, G =3Nk; () e

B B
—— IBERSENERERRE, SRRERC, = AT’ T,
—— EREMBRARE: RIS T SBREREZEA,

2. BFIFREL: 1912 FRFREUESN IOVBRITRRAREK, RMRIESBSIESSOBME
SN B 1 TR 2 MRITEER, 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)? &

BFAFRREREK g ANEESEESN, BFHq BEE
q =M S DD MBERT -

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

—— J0B XCHO03 013 ffirm.

o0 dg =dq dq dq., RS :

47rq2a’q

HRIMIETE g > g +dg 2 BRIRINANHEE : (;;)3

XNTFBEAEAMRNR: 0=qv, —— qBIESEN, MEOELTEZEE.
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FEEIET 0 — 0+ do 2 BRBHYE . An=g(w)Ao
g(@) —— FRERHTEIY, NERDEOTBEDH

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

T _1)2

( hao )2 o kT

SRS jk h(,,/kg e g(w)do

-1

N R 4
EE 0 > 0+ do 28, $ROHE: o Ang*dq
T

IREEENERL, ITUEg=— | dg=22
C, C,

V 2
5 3a)da)
/

YRS -

o \ s V ;
EFREE 0 > o +do 2/8), BRIVHE : 2><2 ——o'do —— FRER
T

- . 2V
R 0 > o +do 28, DEEEINHE: G—+E;2 o’dw
S k14 3 1 2
IREIREDTHRE: g(0) =—= S @ @ —— ?:C_erC_f

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

3 vV Dy eha)/kBT
2 =3 I k 2 hew!kyT 2 w*de
27° C° 0 T (e -1)

B2 C, =

holkT

3

vV ho e
= 0= kB( 2
’ C3J

o*dw
kBT) (eha)/kBT _1)2

Wao, =C [67:2(%)]”3 RAC,
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kT v ho,, kT 54 £
SEBNSC, =9R-(H—)' =
88 v (ha)m) C3 ; (e§ _1)2

dg

P, hao
- BIFRE: 0,= km
B

T O,/T §4€§
C,(T/®,)=9R 3
(T18,) =9R(G) j e

dg

i)3®DjT 5465
®/) 0 (65_1)2

S " )
C/(T10,)=3Rf,(=2) —— ROEANSDH: [, =3 dé

i h
SEMET: T>>0,, &= k“’

<<1, e =1+¢
B

©,/T

Ly ferngas, m—manr: £,(22)=1

Op,_ T
be;r)—3(®D

C, =3Nk, —— Sitk-BEERE—

BRmET: T<<0,

C}(T/@D):>9R(éf

D

3 §4e§
ey

12z* T
TR —— SRENREBEL.

C,(T/0,)=
y(T10p) == -

127*Nk, T

CV(T/®D) :TB(®_
D

Y —— EERE,

—— RERR, fFaMAE, RAERERRN, REKRBEIERRTIRN.
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§3.9 ERTNERNBE
—— ASKEPRNTYUBFENCRENEER), NEMEOIRDEINEEEER DN,

XNTBENSE, DERMENHER—TEN, RIRMREE—TDHh —— BASBRMEINZE
%}ﬁﬁo

WRANE 5 BRBIRMNMEINEE, MYUNPERMEHITRA, #MARSBRS, URRELEE
HEBS:. HFIER.

o SERMENEE —— SMMEER, RVEINHE: g(o)= hm—

>0 A

i, BEEHERINTN, BE (; :

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

A dsdg —— XCHO003 015 XCHO003_015 q,1
" (2 )’ Gy Jesda il PR s
SRR q BESRRS: Aw= |an)(q)|dq
— 0 q.
8 dg = N\ An = dsdq
| aiqﬂ (2 )’ I -
w+Aw
Aw 4 Space

(2::) I|v P <2n> I|v ()

w IR EERE: g(o)=

(2 ) I\v o(q)

BER/PER MR EE RN

w —HTRKRRITE (KEL=Na)

—HRTENEHRAR: o= g

. 4
sm(%q)‘ —— Hi = )—ﬂ SHAIRER
m
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1

RAEREE g(0) = W

(2 . j|v ()|raﬁma g(@) =

- L 1
SHRA—MRRIUT £9E, g(o)=2Xx—1=—7
2r |an)(q)|

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

V., o(q) =—"|cos

2N 1

T )@t -’

m

g(w)=—

BIUB q TEREEERITE

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

o EIAU T ORMBERNEZE

RIIAKR SRK q MIEL,: o=cq, V,o(q)=c

RUBER ()= j|v olg)]’ S0 G A 0 0

- BEER: 0=cq

SHRED (FRV) B7, FENSMEBE— B, REER: s=47q°

—— V,o(q) =2cq
V ds )
RENETIE g(0) = g(w)= —— [ds=4nq
(2 ) I v, (q)| (2r)’ @ 2g 2¢q J
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V471q —Vi\9zﬁ\/e|
n) 2¢q g(a))—(zﬂ)zc, Rq E1t)\fﬁ§J

V
—— g(o) —Wﬁ

g(w) =

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

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

_g E?EI E?EI = IEEY 2 _—, -
SRR (BAKEL) 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

EV,0(q) =0 N—Lx—— ETEXRTR, BRAP—LESNIMR (MEKXIATR).

PIal: —#HRTENBREKRARA: 0=0,

..aq
sin(—
o

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

—— XaF =S SEENIRIEE LR,
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§ 3.10 BBHERTHEFNE K

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

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

[U+(n+— )hw VT

7 = Z —E; kT Hie

—%(ha),- /kgT)

0
Z:e—U/kBTHe [zefnjhw//kET]

l(hw./kBT) 1

_ 7U/kBTH T
Z=e ¢ [l_e—h(u//kBT]

RN F =—k,TInZ 183

a .
L4 In(1—e """
N ( )]

B

17
F=U+k, T [
etk

LBINMAR V HEN, BRIMERRE N,

] lsd p=—(2—§)r p———_;(_ hijBT_l)c;a;
- BISEADITE
p= —Z—g—;(%hwj + e—hj/i)ﬁr — %i{lﬁl&;
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dl )
ﬁﬁy=—dgimﬁﬁmﬁﬁ@@%%§ﬁ%@

ho .

— 1
%%mﬁﬁﬁﬂ%:E=§35mw+f%n%—p
7 e " -

W E  spemase

w SRV AR

dau

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

%%Eﬁ@mﬁmﬁmﬁm,m@%%ﬁﬁm,quﬁﬁﬁﬁ@%ﬁ

0

dUu dU d*U dUu
( MAV+~1%§%:E,%—EE%,Qﬁﬂ%—

= +
dv (dV)% dav?

d’U E AV _ y E
Z oY AV =y il
de) 7V v, d*U (V)

(

2
IY) —— BresnssEs

K,=7V
0 O(de

MR o =

~ﬂ%

1 y C, -
- ;FR”/—A-LL,ZV—H/
VoK T DERRER

o]
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§3.11 BBIES

NEE S DB ERE ‘;—T

e . dr SN 4 N "
Nf%ﬁﬁﬁzJf?«;r—$MW@WEQQMEﬁ%m%,Eﬂmﬂmﬁ%m%%@o
X

NERBI NG, SBREPHIMESERIKESTHKTH.

LGP EREBEN, “F3oA” NEEDHENIYN. RERSHXIRE LRI
MRINEERANRMNEBE, ERINEIREKR, “F3” BES. XEEFTRUNSEPHE
PEITRENE, BHERERENXHESAREN “F3” BE. BM “F3” LN cmiIE
i EFEEBIEE) — B AUcn), BNENEMNSERSRE XKIREEIRERIEX .
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FWNE FEFERL

R IRIC R BRIAREARPB TGN — T ERIBICEMN. £ +BL— +FURMN=1+FHH,
EETNFEIRIIING, BERERESTNFHAZTEESIECNIEPHIoARERN. &
FIBIRFAE T E MBS SR P TN BB R.

—— RETEERNTLEBSE. FFEHXS
—— BRPBEINVYIEBENATERTIRS G F
—— BEWICNDITHSNRM STIRICEMN, B 5+ SERANAR

—— RAUSRUENHOKRE, LEFEICHRANEMENEBIEAR KRN EEIINERETS
BETTE

REIBICR —TIILIEBIE. EERPHEREBNBS . UINEHREERRKEN, 81BN
CHAEREUBTZHNEE, XMPZEIAATSURTIREATREN. EHBEIEERRB T
DEVEE, MEES TBINCHBUBRIINE —TFUBDPOEE). ERBEER T, Afl]
BRXINNENBET, ERISEHNERNIZEPNEITTaIRTRE SRANEN, MARBF
NEHCRHRNE, TJUIERIZMNARBIITMUEMNE—TEITRK. XENBINFHES, B
BEITRNE), HENBITOTBEHUNZEE T KRR B XITREMAHROIRER. R85
IPRPEBTHARZBITIRS, XIRNIGRKE (Hartree) —185% (Pok) B7GIHI 5o

REFELHHARRERPHBIABRET TAINRS, MIRAEEITERAEH, RAREHE
T AR BHETEIRTSRRERTRMEREVENUE, MERI KRR Ve ENF
BRI, XNTIERSEE, RINNHIINES, SBEE[EMY, RMENHB VObNAEEE
. SARPHNEIMEE —TRESREMENSNRALPIT,

2
BT [—f—mv2+V<f>]w=Ev/  EmER: V(F)=V(F+R)

—HBRPR T BIAEFRMEBSPEIE AR

o B—AEN: BREN, BEIARITZ (B FR) VRELBITK, BT oihREIE, E£WiE
BIFORN, JLUANBIT REEEERNIUE L.

w EREN: MRIBRE—B=Ben0A, 2EFHRBHNASETTHR, §TETEEEE
BB HBHUNETE T B PIEl.

= B=AEN: WNMBRIBNEEE IV E LS.
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=S PR N BSTAFRIER PEE I ANE

- EEAEENTE : BRETEBMSMRATINTEERS, RBIERBIODIRRATE LR AT
EGET, RORBIHRRHNAETEISHE, BERTINAMIIARENARSIE, KEAH
IDIEREIEE ML E.

o BIRRHPOUE: REGTAMIEREB T RRYRTNPHRE, SEEARIURRE.
EABNEH U ERBNDES, PIRIEIBCEREEDN, R2EH T NANREES,
REIEICHSIRME . REHIRICEVSIBBMT), BREEENBRM,

w —UUREERMVEYSK: £ EIETEHLENER, NMBIHNIBXRE/\, BNNEBEL
S5&BIENEE, XMERHAELNEITBFRRAPHERTHEN, FHHIBREERN,
EXPIBIT N R IEIEREA 5o

o FR0ER: FETERRBRAEER, RONEENBRERRBAAERR, XMPYRNBs
REEEA N K EFRNF RIS R,

o B3 5BIZEIER MNSRABVNBERS, B3 2 B0EEFEAEB LA VIVIHNE,
GHEEEMEANERCH; BN, Tk ITBEERNZEPHNBITARA, MABRERIBESE
IS, MUBTEEME T RIF.

o 8358 ZBNER: NBSHRBEEIFRNRBEENRS, £RISRPEITOGHNES!
KEERBEE, BFHEXIPEE kAN, XLEREBAEBRENERHPRBITHNTH.

§ 4.1 TS THEER
SRR SN EESREERN, B3RN0 REEILS2:

hz
[—5—V2+Vﬁﬂw@)=Ew@)

m
FIRNMEBUTHE: y(F+R,) =" y(F) —— wmSHER, Hbk N—%8,
TREPLUPRSIREE R, BRHIUBNTLHERF
RIEE MR LUSEINRREER: v(F) = e u, (F) — SR

—— u, (7 + R) = u, (F) BB 52BN B 1B,
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- SR EIEEYIESS

MESMEEMIERP AR : FiRAVBEFTHUR, ERVBENSEBMNERTNS, MEEEE
BNAERE. REFHBERTORFEREFRETHNMEE, ROEBEBI KRBT,

PpNEHAME R T BB ERXIIRE, RISRBYRERK
BALW, HPa, a,, a,="HALNER.

R, =ma, + ma, + mya;fiy, %

0

EREPTUSIABRIXLEPBUTRIENERF: T, T,, Ty

S FPRIZRSEIEEE: R, = ma, +mya, + md,

NREFRER: T(R,)=1"(a)T,"(a,)1}"(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,7,/(F)=f(F+a,+ay)
T,.T,f(F)=T,T,f(F), FAibl: T,T,=T,T, —— STBERIS.

w RERNEEMENS

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

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

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

Bl: T,H-HT,=0 —— ¥BEFNGEBERNE[TNS.
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BIBENSAR, REEIFNFYLURE H VMERY, EERIMNASEBERTEIMMERE,

Hy =Ey
Ty =4y, Ty=A4ky, Ty=4y

e NEHERWE: 4,4, 4

w() = p(F+N,a,)
SINGEMIRFRFRM: (w(F) =w(F + N,a,)

v(F) =y (F + N.a,)
—— N,N,,N, DAIRBa,, a,, a, =110 LHREEE,
/%\EQ%H@@ N:Nl 'N2 'N3
WF: y(F) =y (F+Na), yF)=T"yF)=1"y{F)
XNF: w(r)=y(F+Nya,), py(F)= TzNZV/(F) = /112\/2‘//(’7)

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

27— 272~ 27

BE: A=e M, L=e M, Ay=e " —— 1, 1,1, NEH,
A A A A o .
RSINKE: k =b +-by + by —— by, by, b NERSER, BRR: 4,5, =279,
1 2 3

WFBER T, T,, T, MAEETURTN: 4 =", 4, =", 1 ="
BTR,)=T"(a,)T,"(a,)T," (a,) (FRTBIFRRE w(F)

T(Rm W)=y + Rm) =T\"(a))T," (a,)T;" (a,)y (F)
V/(7+Rm) — ﬂ{"l /1’2”2 ﬂ;”sl//(’—;) — eiE'(m151+mzaz+msas)y/(F)

FbL: w(F+R )=y (F) —— msiteE

BREBFORRMAUBHE: v(7)=e""u,(F) —— SR
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p(F+R,) =" " u (F+R,)], w(F+R,)=e""y(F) —— WEMEHEE
o RS RTAAEENIREN
D A=, = 4 =" —— R EBIRIHAHNEN

ik-a,

Ty (7) =y (F +a) ="y (F)
w(F) Ry (F +a,) HALIERFH NEEDETORRY —— MERIEZE—MIERF 4 =

2) PRREFAMEEBITH: L MNELORE (SBIRIHOREEXD, BEKR), TENHE
LORR, RIEZIBHNEEARD,

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

NS EBLOER k BB R ERFNMEE——XIR, BELRE k NEUEREIED,, b,, b, XA

OERIERYD —— E—HEMX, ER: 151-(52><l53)=(2g)
b,
BERE kA EE k<. j=123
791?:1—115 i g b Bl <l.<—L, j=123
N, N, ? N,°
sk e K =15, j=12.3
1

BUOREE = b+ 25, + B sk sig e WSS I S
Nl N2 N3

1 1 - 1 -. @2r) @) - V.
=N =} Q. —p - (—b, x—b,) = = —— A
SMERIR: b (b by == REBE: s
mrEnxempeasy G2y anemmmse.
Q (27n)
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§4.2 —HFIRHPBITTHINEEHB TR
1. RIS

—H#BEHEEMRE: FEPBIZINITFHRMEBIZHER, WE XCH004_001 Fim. REF
HAMRZERREN (ERSITMN, TUBBHNPIERBESZENSG: V =V (x)

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

1) gz&iﬁmﬂ;%%ﬂ'ﬂ ﬁ%*ﬂi&@y V(x) \/ Potential Energy of Single Atom
Periodical Potential Energy of
Atoms in Crystal

—— B DR 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 TOEEESR: ——— b+ 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
——wﬂm=ﬁgmmamﬁg—mﬁﬁzp¢m4w=@k
0

2) Rt MBI NEEANEE

n d o
. H=H,+H', H,= . H'=V(x)-V =AV

(Xl 2 E
- 2m dx?

el

RIBHRIRIG, BIORESEAEE: E, =E +E’ +E” +---.

—REERIBIE: EV =<k|H'\k>, <k|H'|k>=<k|V(x)-V |k>
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L
1 . — 1 . ) 1 . _
EV = —e_’k"(V(x)—V)—e'k”dx, E(l) _”“V(x)—e’kxdx—V, ED =0
it e A
<Kk'H' k>2
TIRASSIBIE: E(Z) Z%’ Kbk £k
k' Ek _Ek'
_ 15
<K'|H'lk>=<Kk'\V(x)=V |k>=<k'\V(x)|k> —— <k'|V(x)|k>:zIe"(k"k)xV(x)dx
0
N= 1 & e —i(k'—k)x
BRIBUASH: <KV (0)[k>= f e KRR ()

SINRDEZES, x=C+na

AR RMONEFHAME: V(E) =V (S +na)

N-l n+la ..,
<RIV ko= 3o [y g

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
i) k'—k:nz—ﬂ-: NZ[e—i(k'—k)a]n -1

a n=0

27[ 1 N-1 o 1 1_e—i(k'—k)Na
i) kK'-k#n—: — [e“kmy=_“__qﬁﬁr;

a N = N l1-e

1 l_e—i(k'—k)Na

. / A N _
Rk Z%(Zﬂ) Mk :%(M)ﬁ)\ﬁ—éu. Nl—e‘w_ 0

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

V(m) =" [e " v (&)ds ——mBH Y (x) 08 n MERIHAH
a
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[ <K'|H'|k>=V(n) . o
e 26;[ , E) = . +V, E) = . +V
K—k#n=": <k|H'lk>=0
a
<Kk''H' k>2
KA REEBIBER E” =Z—| E|0_|Eo |
k' k k'
V 2
583): EY :Z' 3 -
e~ e+ M)
2m a
o - V[
* HARASETNER: £ == 7+ :
m = e+ T ar)]
2
m a
3) i NEBSBUREE
BIOHDE: v, (1) =y () +y @)+ () + .
<Kk'H'k>
REMH—REE: v =Y Tyl Rk ek
k' kK i
2
K—k=n=": <k'|H'|k>=V(n) - o
% 2‘7 , E) = 5 +V, E} = 5 +V RALR
K~k #n " <k|H'|k>=0 " "
a
|14 1 itk+2722)x 1, v, i2zlx
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- SR FRYRREREEEEISOiE: [—%V2 +UA)w ()= Ew(r)
—— U(7) hBEENEEMER), BB RSTHHm 2H0.

RRBRID, ) [——V2+V(F—R Ne.(F —R,) = £,0,(F —R,) BIERSRAMNSRE,

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

- USRS

REVISED TIME: 05-4-13 -1- CREATED BY XCH

www . kaoyancas.net



www . kaoyancas . net

EW4#ES FE FWE REFER_20050406

EXHE €, -

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

>@P§;V%uﬂﬂwﬁ3=Ewﬁnmx§ﬁ%ﬁ

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

By () = Ya,0 - R)RALEAEE:
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Ba, = Ce™ ™ RORS2RBST:
= —;J(Rn —R,)e P = —Z‘ J(R)e ™ —— R =R -R,
SRENBLOREL, v, ()= ;am(pi(F ~R,), Ba, =Ce RANBHIRARDBI RRE:

ik-R

wkm:%Ze “p,(F~R,)

BEBAMEE: E(h)=¢-) J(R)e ™™

o SAPBEITIRRARBMSMHRETTI

REVISED TIME: 05-4-13 -3- CREATED BY XCH

www . kaoyancas.net



www . kaoyancas . net

EW4#ES FE FWE REFER_20050406

- 1 ik-R ) — - 1 ik -7 —ik-(F-R - D
>|%wk<r)=WZe%,-<r—Rm)aﬁz%js: wk(r>=We" [ e g,(F = R,)]
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a d
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E%b\go

o 1) BEBERES: k=0, EW0)=0

2 2
N T i 7 1 Vs 2h
BERINER: k=—, E(—)=—-(s—cosm+—cos2r), E(—)=—
a a ma” 8 8 a a
REVISED TIME: 05-9-16 _28- CREATED BY XCH

www . kaoyancas.net



www . kaoyancas . net

EwE FRE_#AE_20050404

27”12
WRE: AE= E( %)~ E(0) =
2) BFEKEK k BURTSNERE : v(k) = l% v(k) = —(sm ka —ism 2ka)
2
3) Bm gklj : Zklj = nfaz (a® coska—%a2 cos2ka)

m
m* =

coska — ;cos 2ka
EETRBSTHNERRE: k=0, m*=2m
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Q03_05 002 REBSHEEEANMIR: E(k) = 5 L+ —2+—2 | SNIDEESH B ABXYTEIR 45

m, m, my

ARZNa, B, ¥
) SHEBIHELBRTISOE

2) ESRER S SRA ORI : 0=T0 , Hpm*=
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mm,m,

m1a2 +m2,82 +m3y/2
dk - =

w [BEMIA DB S TiNERSIE: h7=—qv(k)xB
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B HRE v(E)zévkE(/E)

-kl Rk; nk;
= + +
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BISRE: v(k)=—"k +—2k, +—k,
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N \ dk B
REBFIREFRRN BENNB T TINHIE: hE =—qv(k)xB, Nk xk, =k, XA
REVISED TIME: 05-9-16 -29 - CREATED BY XCH

www . kaoyancas.net



www . kaoyancas . net

EwE FRE_#AE_20050404
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dk k k dk k k
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Va1 TR Y - B ) S LW Y= R T
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\ > k.T
- —EERIVES URSHERR: C, =NO%( ks
F
E B IIREE]. N ”—2(" T)k =N, —( )k =2.08x10°T J/mol-K
D T T Vg 2 k,T,
7Z'2k
BYEE: T.=N— 8 19624 K
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12 “Nk
RiEEERe. C, =2 ( )
4
SRR EEE: 127 Nk (o )=2-57x10'3T3J/m01-K
27Nk, .,
Iy @ —51/3:91K
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1) S EINTIERU = EL
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2)@%%%%%EﬁﬁﬁpV=§U

- SEDEEET NETTE N(E)=4nV(i—T)3/2E”2
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2 — 2N — 2
RBEBEFTRBIERERESHA, ERp = g”lU , b= g;U pV = ENU

Q03_07_001 InSb BNEBEFBYUREm, =0.015m, NBEHe =18, REEHa=0.6479 nm, it
8

1) MEEAVERESAE

2) ESHNEFR

3) WREEIDDIDM, BARRRIBNEZEREREN, BENBIRVRENST 2 ?

x 4 4
- mte: =4 p 005 me g a0t er
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2 2
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(1) RPER SE#EH FEERAVRRTERE
PRAR e A AR G BB £ EH 2 5RO .
%4 2 2 LLE B B 47 wi5H FETh A,
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national Organization for Standardiration, RiFRISO) “&
B F B, REREARERERASZRAS” 1819 1S031/
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EFXFIVR, RER AR ‘G RT A4

Br, HHICS|IFHEEAHENEFNN, REEETAER
AT ENZPEER—4, B ard-h i s H A g o —
A MEFPEE X EBIFeTCI¥, “SBRE” 1 “diRY XHA
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M. RMHFAZHTEFOESETERBREIR 7T 7168
AJ, : .
35 sb B B g hniarg 13—20 5 b s A 5 A E BR A
1S031/13—1981(E) (AR #Y 13~~29 Tirh ,5 M EATFIE
752 “electron number density” %, 1A%, Bl “num-
ber density » (Br#)E) 2 HRAMER i TR ARE
By, BarEEs LELECRE Wy Rl ¥k “concentration”
(#mC Kittel, (Introduction to solid state physicsd ) Hj
¢density” (#j; N, W, Ashcroft and N D Mermin, ¢Solid
state Physics» ) , BN E b CARE ik 87 (g
FHEINGRER (BEHEED , WHHER ARG EEHE
BHER > , HFREMEHTE «BEREEEY O o <EHE?

(InE R EmE «ERWEEY ),

e JiF (concentration ) ¥ GB3102, 8—82fn 1S031/8—1982

(B) 8, AESKARNEEASE, 2 RAeY
dhit B R S R B R LR A Syro e i, AR REESE
J7k (mol/m?), B (density)ffGB3102,3—82f11S031/3
—1982(E) LL Be Eu 4y b B, B AR SR LA, Bfr
HTrEMHAK (kg/m?), {BE, ZAFRAWE R o= T
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o o5 e T
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piezoelectric strain constant (FEAL AR ), Curie con-
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and Applied Physics, IUPAP (FHEF20E5S 5 TH S 3RERE
) Symbols, Urits and Nomenclature Comnission, SUN
(Fe . B LURBERSE ) BEL K X5% « Symbols,
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