TR NEeR

3. mEM&ER, KEEE, FIF

TN

? EK 7
@
a,

116>

1892

B5F
2026 &£ 3 B 17 H

JERKE WIEF R
EFMREZERL



1. BEMEE, KEFEE

2. EIRRF A=A
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MmEM&R, KEPIEH



a7

hI4E R PR RRT B A TIE—RIVIBEFITHELER L, XEELGTART!
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gald crystallographic direction

» ZEEM: RAEMRBARTH, BEEE. BSER, ASEKE
» BNIEERRENX— &M, N8R R= u1dy + urdy + u3a3 BEE
RNREIESEHREK, Miz@EICIEEREHA

[urupus)
AR u; < 0, BIE |uf. B0, [120] = 3; — 23,.
» HRBAENFREBERERNEN S RESRARBIE, IB1E (tumus) %,

<100» <110> <111>

:\5 Wiz

BT @&
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NARERNRFFEHRRT

» NARAR (HEBRANSRENESEN) BESIN 4 EX NG
31, 32, 33, ¢, RAIESE 4 NMET (M RMEERXZARIAY)
» BEBERE=NER, 31,5, ¢ RESRMIZSH 3 MLF

[uruaus], W 4 FEAFRYSRMEIES A [uviw] / SN
u= %(2111—“2)7 V= %(2U2—U1), t=—(u+v), w=usz. (2) aS‘\ a o
W 13y + vas + taz + wC || 113 + har + s RZ [1i00]
m=u—t bpb=v—t u3=w (3) & =[100] — [%%%O] — [2110]
- REBEDEL, BEIBRIEIET [uviv] 3, = [010] — [1210] - [1210]
— [010] — [2120] — [1120]
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i1

» BEZANTHEHRR, BEIXERNTEFASE
» HEFREME— MR TRENICS, SR TRERNHHLE
BF, BRERBTRENRESHK

» EX: AERBER 3,3, 33, MERPREIEIT (hk) - ER
EEIR - WA @EE=TEK ERYEERE
a/h, a/k, as/l, hkleZ (4)

SNR h k| ERZ—AZF, MZS&EATFTTFHRER.
» AT AR AM? FRIERNEEE o), 53,, 733
(o, 8,7 € Q) BRE, EINTFEHRA UL N FIBFNHFE

a2 o o1 5 1 ,_ 1

b - b 7 - b = b fY -
P1 P2 P3 P142G3 P24143 P3d1G2
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KEstn

KIS B
. | MREEETES, FHITES

2. HEREE=TEX LEE
= a317ﬁ§2a753

A o 3. BFHA (553) W 5 =0

‘ 4. U EITR/NEEEREL (hkl). FAS 5K
= AR

o o " « (EEGEU)N, EiEEEtEA

= (hkl) 38ET —HFREIENFITRE

[ . » BRAFEMEIIESEIN bk | BR,

BREHRRYT KEBHE, 0 = nh,

K =nk, I =nl(n#0) HBEENX
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XFREEHRERS

and (200) planes, for n = 1. The (100) plane intercepts the X axis at a, and
is parallel to the Y and Z axes. This plane and all the remaining ones in the
(100) family pass through lattice points in planes parallel to the (b, ¢) plane.
The (200) plane intercepts the X axis at a/2, and is also parallel to the ¥ and
Z axes. However, it does not pass through any lattice point. We would find the
same result for the (222) plane and, in general, for any plane (hkl) (with n = 1)
for which the indices h, k, and [ are not relatively prime. The above argument
serves the purpose of an illustration, but does not constitute a rigorous proof
that the indices h, k, and [ represent a family of lattice planes if and only if h, k,
and [ are relatively prime integers. Such a proof, employing number-theoretical
arguments, can be found in the article of Deas and Hamill (1957) but is outside
the scope of our treatment.

Uri Shmueli. Theories and Techniques of Crystal Structure Determination (OUP 2007), pp. 10
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set of parallel, equally spaced planes. This is illustrated in Fig. 2.8 for some simple examples. The symbol (hkI)
may be taken to mean one individual plane or the whole set.” Unlike crystal direction indices, where the scaling
integer is used to reduce u, v, and w to minimum integer values, Miller indices are used unscaled. L, This is
because different sets of planes may be parallel (e.g. (11 0), (2 2 0), (3 3 0), etc.), but the Miller indices also define
the relative spacing between the planes. That is, the spacing of (nh nk nl) is 1/n times the spacing of (hkl). We
will later call this the d-spacing of (hkl) and define a reciprocal lattice made from points separated by d along

Erich H. Kisi and Christopher J. Howard. Applications of Neutron Powder Diffraction (OUP 2008), pp. 27

HIANEE R EFEHEXZENEEX?

INRFREXHER AEER, MERW (hkl)(2AERE £1) SAel LUIEEFIA A LU
FREANSFNRE
NRFRENVEBERAZEER, FIMNIERAREMORIER, WEESINREREY (hk)
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AV B S 3 R ATE £

» WTFABRE (NAREZLRR), BFEER 4 BEXER
o WTRZAKED-FRHIEIEEN (hkil), B h, k, | Si@ERKEIEI—HE,

i=—(h+k) (5)
(O~
i c ; i e \J"@)
............. a Ve,
BT at il
a, & ©©> a\
a a
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KEntazk

» REK HESANTEENHN—RYSEARZE
T, iBE {hki}

» B0 RO FBRFERE, {222} REKES
(222), (222), (222), (222), (222), (222), (222), (222).
= N/

{1120} = {(1120), (1210), (2110), (1120), (1210), (2110)}

» PN REKREESHNIRTRERENNEHE
(multiplicity). REREEHESBENFEEX.
—RmE, MRS, EHEES

KENTEEL (hk/) 1EIR REMENA. BFEHA (hk)) AIUEE—TREND? MR, EFMZER
BRAXAR?
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KEntazk

» REK HESANTEENHN—RYSEARZE
T, iBE {hki}

= B0 ROHFRIRFRE, {222} REKES

(222), (222), (222), (222), (222), (222), (222), (222).

N ERAE:

=]
{1120} = {(1120), (1210), (2110), (TT20)-E2%6)(2110) }
» — N ERAKREENRISEKENNEHE
(multiplicity). SEMRHIEHES SAXFREEX
—fiRms, }MMEHEE, EHEES

KENTEEL (hk/) 1EIR REMENA. BFEHA (hk)) AIUEE—TREND? MR, EFMZER
BRAXAR?
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B FHE=2E



» [EE=TRMASRLERN 31/h,3/k 3/ &E, HS1ER
FE=1

MRE EHBE - GI=hE G=kE =1
» BBA, BILUE E BIE £ = he, + ké + I65, HFEX 8,6, 8 HENTERXE

aj - Ej = 5’J

« EEEYIED, BEEULFRERFE|IN 2r BF, BREE by, by, by BRI TFIER
*%R
3i- bj=2mdy, i,j=1,2,3. (6)
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EMRE, REEE

» JNZEE (hkl) H1E
()

r-g=nmnr, ncZ.

» LA EIERIXRA(6), MEIREREN

g = hby + kby + Ibs, (8)

» FMEBRYSEEXIN n A0 n+ 1. BY n =0 MEIEEEH (WLOG, BY h #0)
31 g’ 2
2 9
g (9)

g
d
e iy Fdx/",
(010) (020) (1io)
@ B @ LA YIEFRT 16
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E4E g7

« ITE g BIRK

g=\E &= \/ggbi- b= VEgw;
. HePEIA b BMEA o,
Wij = b,‘bj COS(G,‘])
bi by by cos~* by b3 cos B*
w = | by1bycosy* b3 by b3 cos a*
by bz cos 3*  bybs cos a* b3
« a0
i 0 0
wrz = (2m)? | 0 i% 0 (10)
0 0 %
3
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aa [HI (8] 28

TEHLAE-ERANREESERN (BTRARE)

a

l_ij_EIEI?\‘: d(hk/) = W, (a = = C)
PSR d(hkl) = 2 . (a=b#0)
k4 (2)° P
ERE@AR: d(hkl) = = ! - ~, (a#b#q)
VO + B+ O
NESRER: d(hkl) = 2 . (a=b#0)
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[RSE: FiEE - EEhH - KED

B SRR LN

R - BT -+ K$ (William Hallowes Miller, 1801-1880 £, /A A0
5.11(b)) R—URENIMFRSRAEFR. RAFMBATK Lorwiy ooy
Ehigth (Miller indices) REEHHEMBEFRIZH, BREX Note s S
BEHZFSHF LT ZERRIEH, BX—maR)3 e

NFM. KENEHSPTBREIHITEEL (Weiss indices) BEAE A Treatise on Crystallography.
KR, KENELILZTHRESH (hkl) TFSERFIEAXL W. H. Miller (Cambridge 1839).
188, Itboh, KEHTF 1839 FERAHILH E & WEN AN
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L

«» ENERSEIENE 5 ZERFIERTRENEBRAS bk L
g = hby + kby + Ib3, h,k, | € Z. (11)

XEX—EMNRALERT, MAERT, g MAERK. REHERFIFAERF
v BK by, by, by HRERIERXRXR(6), AUERT R (V. AEFREMAER)

.2 -2 » 2
b1=Vi52><§3, b227i53><51, b3:VT‘:31><32- (12)

» ARFEENSERAETE, RERERZERLZE, BN b BERREN

d
k=> kb, keR. (13)
i=1
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B FSIERTF

= EIRRFIRAEEIATRA

= SINIERRFHNEFRERIER

dxl dx2 ax3

A= [a17 ao, a3] -

bxl bx2 bx3
a 1 a 2 ay3

, B[bl,bz,b3][by1 by byl -

4z1 dzp azs bzl bz2 bz3

» IERXXZ: ATB= BTA= l5,3. EItt BT =274 L.
o Bl EOILS @EHNERFEEOILS, RZEOIL AR FINERFEEOILS.

-1 1
2

’ g= " 1

a

a
A=2
2

0 11
1 01
1 10
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BT R J 4

= WTF d ERUERF, TLUBTERXASINEERF

“HARTRERF o o o

(16)

(17)

o, i=1,...,d

=) hb, hel
BERF

B @ ILRAF WIEFIR
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» FEFRRET, BFEXRERFA—, XEAMETLUTENT
Z UiV - 6 = Z u;v;,
» BEEEHNERFA—TER, Bl w; =33, FREMEMR, ZEEXETHENK

V—ZU\/3,~EJ ZU\/WU

s MRXNTFRMREDNAERERNBERR (EAMBEX, STNERGER) &

d d
Z a,, Z k,‘B; (18)
= =il
MxERRIE N
k = 27TZ k,'X,'
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AFESINZIZERIEEE? FiiH TR

ERRERETEARGE RitEEHTIREMERENTINZEEENTA.
NFERRREK A7), BEHTHREBINTXRS

f, = /d?e*ihf(?), f7) = /(;:)dei?-ff;. (19)
/ dre KT — (or)95(k — K). (20)

IR A7 SR, f, = e FRr, MU £ (VE K EERIESD
i, AERERET (EEF)DL — (R}, ALEXEHETF (RL) 10T

RL = {Ke*R =1, VR DL}. (21)

= #EIL: DL(F, A=2&MK) M RL AEHEREN S B TRE
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ARG E7 85

mIEPITSYIRER AR fINRHEE. BHF, AIUEAEEH R
A7) = 2 e,
g
1 (22)
fp= dre A7)
A

uc E
1 o i 7
=33 Z/dre )7,
Ruc(ﬁ’)
2
v) 5(&-&) @_Za ofy =f;
g
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HEMEX

= EIRFRIBRBM-FRERTN (B—) BERKX.

. BB BRI B 0 BEHKRMEISERE LS BB 1 — 1 M
B EEIAR RS,
. GHBEZRSAESSE § EENEETHE, BHNHEEMEAR (zone boundary)
FE= 8 (23)
—
\4 .k ,
ol
4.
\\ 2
—HHRTF R TF
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HEMEX

BB SRR HMEEEFE R Mathematical theory of the symmetry in solids.
Bradley and Cracknell. (OUP 2010)

Fic. 3.6. The Brillouin zonefor I3, (@)a > 4, T = (000); ¥ = (330): Z = (003): T = (441): 5 = (030); R = (031);
Bk > a, T = (000); ¥ = (340): Z ~ (003); T = (41): § = (030); R = (03).
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