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Geometry around the Laue point Lag. Flg and Fls are planes whose distance from|

Ho and Hs 1s K. Pl 1s a plane normal to n, (downward surtace normal). Thq

Laue point Lag and point P7 exist on Plp. Pl; (2 # {0,3}) were not drawn 1oi]

simplicity. La; and La; are points whose distance from H; (¢ € {0,1,--- .n —1})

Is <. P 1s the mitial point of wavevector ol the Bloch wave. P}, that appears 11

equation (K.51) 1s the kth numberd P’ i.e., the initial point of wavevector of thq
kth numberd Bloch wave where £k € {1,2,3,---.2ntl . . . . . . . ... ... ...

‘1'his ngure shows small hexagonal pyramids used when solving the '1-1 equation|

(K.30) 1n a six-beam case whose results are shown in Fig. K.12 (reproduction of
t1ig. 1 1in Okitsu et al. (2012).) . . . . . . . . . . . .. oo

K.3

'1'his figure shows a top view of Fig. K.2 (b) (reproduction of Fig. 2 in Okitsu ef

K4

Schematic drawing of the ‘rotating four-quadrant phase retarder system’ (repro-

duction of Fig. 3 in Okitsu et al. (2000))) . . . . . . . ... ... ... ......

K.o

Photograph of the ‘rotating four-quadrant phase retarder system’ (reproduction ofl

EF1g. 3 (0) mn Okitsu et at. (2012))) . . . . . . . . oo oo

A schematic drawing ol the goniometer on which the sample crystal was mount

(reproduction of Fig. 7 in OKkitsu et al. (2006)) . . . . . . . . . . ... ... ...

K.7

E(a) and S(a) are experimentally obtained and computer-simulated three-beam|

|X-ray pinhole topographs with an incidence ot horizontal-linearly polarized X-rayg
Wwhose photon energy was 18.245 keV. E(0) and S5(b) are 0 4 4 reflected X-ray]
Images enlarged from £ (a) and S(a), respectively(reproduction of Fig. 5 in Okitsyl

et al. (2012))] . . . . L

K.8

El(x)and S(x) (x € {a, 0, c{) are experimentally obtained and computer-simulated|

four-beam X-ray pinhole topographs with an incidence or +45°-inclined-linearly)

4o~ -inclined-linearly and right-screwed-circularly polarized X-rays whose photon|
energy was 18.245 keV (reproduction of Fig. 6 in Okitsu et al. (2012))) . . . ..

K.9

E(x) and S(z) (x € {a,b,ct) are enlargcements of 6 2 8 reflected X-ray 1mages 1nf

g, K.8 F(x) and S(x) (reproduction of Fig. 7 in Okitsu et al. (2012)) . . . ..

[K.1I0

‘Iransmittance of X-rays around the condition that 6 2 4, 623 and 066 Laug

reflected X-rays are simultaneously strong. Aw and A@ are angular deviation

pround |2 1 1] and |0 1 1| axes from the exact four-beam condition| . . .. . ..

.11

E(a) and S(a) are experimentally obtained and computer-simulated five-beam|

|X-ray pinnole topographs with an incidence ol vertical-linearly polarized X-rayg
whose photon energy was 138.240 keV. E(b) and S(0) are o o o reflected X-ray imageg
enlarged from £(a) and S(a) (reproduction of Fig. 8 in Okitsu et al. (2012))]

.12

E(a) and S(a) are experimentally obtained and computer-simulated six-beam X+

ray _pinhole topographns with an mcidence or _horizontal-linearly polarized X-rayg
with a photon energy of 18.245 keV. £(b) and S(b) are 0 6 6 and 2 6 4 reflected

IX-ray 1mmages enlarged from £(a) and S(a) (reproduction of Fig. 9 in Okitsu et al)

.........................................
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K13

1S, (L-1)], |E,.|, and [S,.(E-L)| (x € {h,v}) are the 1-1 simulated, experimentally]

pbtained and E-L&EFEF'1 simulated eight-beam pinhole topographs tor horizontally|

[z = h) and vertically (z = v) polarized incident X-rays |[reproduction of Fig. o inf
Okitsu et al. (2019)] . . . . . . . e

K14

Enlargements of the 0 0 0 forward-difiracted 1mages in Fig. K.13 (reproduction ofl

F1g. 6 in Okitsu et al. (2019)) . . . . . . . . . . . . .o

.10

Geometry ol the eight-beam pinhole topography. X., V., and Z. drawn on theq

upper right corner are unit vectors in the directions of 2 1 T, O Tand I T 1]

CSPECLIVELY] . . . . o o o o o e s e e s s e e e e e e e e e e e e e e e e e e e e

k.16

(a7) and (57) are computed separately under the assumption of vertically polarized|

Incident X-rays. lhese ngures have been computed by projecting intensities or the

D 0 0 torward-difiracted X-rays on the exit planes o; and 51 1n Fig. K.15 (a) on thq

Imaging plate whose surtace was normal to the I U U direction. X-ray intensitieg

bt as and s 1n Figs. K.15 (0) and K.15 (¢) have been erased (reproduction of Fig)
Bin Okitsu et al. (2019))) . . . . . . . . . . e

K17

FE(a) and S(a) are experimentally obtained and computer-simulated twelve-beam|

|A-ray pinhole topographs with an incidence ot horizontal-linearly polarized X-rayg
Wwhose photon energy was 22.0 keV. E(0) and S(b) are 2 4 2 reflected X-ray imageq
enlarged from £(a) and S(a) (reproduction of Fig. 12 1 Okitsu et al. (2012)))

K18

(a) Experimentally obtained and (0) E-L&FET simulated 18-beam pinhole tod

[pographs. (b) was obtained by the E-L&FE'l simulation under an assumption of an
Incidence of X-rays with a photon energy £ = 21.98415 keV (AL = E—FEy = —0.29
eV, where Eq = 21.98440 keV) (reproduction of Fig. 5 1 OKkitsu et al. (2019)))

K19

o1x reciprocal lattice nodes are on a red (smaller) circle in reciprocal space. Outsidg

bt this circle, a black (larger) circle was observed on which twelve reciprocal lattice

nhodes were present. () 1s the center of the red (smaller) circle (reproduction of Fig|
din Okitsu et al. (2019)) . . . . . . . o o e e

.20

Glitch map (simultaneous reflection map) for silicon 2 2 0 reflection. © (the ordiq

nate) 1s rotation angle () aroud |1 1 0] axis. T'he abscissa 1s X-ray photon energy]

(eV). 1 1s zero when Kggg X Kosg 1s parallel to [0 O 1] direction. Kggg and Kood

pre wave vectors of U U U transmitted and 2 2 U refdected X-rays) . . . .. . . ..
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= 12| exp(i6)

Z0=|Z| sin 6
0 >
0IN\ZD=1Z| cos € Re

Z" = |Z| exp(-i0)

K12 Z* % Z OIEEER, Z b 7° OBREEHEEETHI VS, ZORMO %, 0 =arg(Z) L £F

FA4 7 —DRNF=AREK L 5B ORFRZAT 50T, XKD XS 1TELE N5,

+i6 exp(+if) = cosf +isinb, (1.2a)
e % = exp(—if) = cosf — isin 6. (1.2b)

o
I

(C28)+(C28) B & O (C28)—(C20) 75, XOR DS P TH 5,

+i0 | .—if

cosf = %, (1.3a)
0 —if

sin 6 = % (1.3b)

A4 7—DRAEF, v7v—V VEMICX-oCAEHT 2 2 e TE S, ZHUTDOWVWTIEE B & [p.)
Tahd %,

20 HACOYEEZE Y F ¥ —F - 7 74 >~< > (1918/5/11-1988/2/15) &, ZORNREFL T
FxDEFE] TTRTOBFEOFTH o HRBEOL LVAR] EWVWHEFHEEZDI LTV,

BRERHEOFEFES LWVE 2A1F, EHCTERSINLNAEESCH BT DR, BILUOZ oML
ZOFEEMZ B THS, ~x/u—VVEMALZOUVLDOTH S,
112 HBRBORRCHZERHK

BRI, FEFE e REGROMTRTHE L, fMEL FATERT (MEXR) HEarH 5, A4 7—0
KR (Z3), (T2H) T, FEEERD cos b, BEFERDY £sinh TH 2,

EHREAH Z) BB 20 OB Z1F, RO LSRRI,

Z=27"4iz0. (1.4)
E 7, BEEROTFE 1 IR LR 7413, XD XS5 TRKEh 5,
z* =20 —iz®, (1.5)

Z* % 7 OHBEZER L W, Z b 27 3EEREOBRICH Z WS, 4R 7 o RESERZ
ZThb, ¥, ZDRAP O D&, Z* DRMAE -0 TH 3 (KI2SH),



1.1 #HEHOD 3

Im A+B

A" +B”

K13 WHEBOBLEYUEEIR, 2HTONZ ML LFERCBZBbIS

113 BRBORBLECSITESIUHRERK

MI3WRTEIIC, EEB AL BORLALGIZHEIX, 2 KTOXRT L FRIBRICELRTE 5 L
BEHES LORLALIIZRICX o TThbN b, HEBOHER2ERT 270D, ¥ IV TEHNIZ
COERIER, BRI IS, A4 TR T,

A+ B = (A" +iA®) + (BM +iBW)

= (AD 4 BM) 4+ 1(A®D 4 B®), (1.6a)
A—B= (A" +iA®) —(BM +iBW®)

= (A — BM) — (A0 — By, (1.6b)

B/EHA, BIxtLT, 2O LE 5| xBOHEERINL, BEHONEZIIDBKIES 5 DTRD
RTINS,

(4+B) = [(AV) +i40) + (B +iB0)]"

= (A™ + BM) —i(A® 4 B®)

=A"+ B, (1.7a)
(A—BV:(N”+MW%JE”+w@ﬂ*

= (AM — BM)y — (AW — B())

= (A(r) _ iA(i)) _ (B(T) _ iB(i))

=A"-B" (1.7b)

1.14 HREBOMTECHEBERK
BEBA = |Al(cosa + isina) = [Alexp(io) EEZFRE B = |B|(cos 8 + isin5) = |B|exp(if) 23
HoltZ, TNHDHIFHEIF, XD X S51XTbN s,

AB = |A]exp(iar) | B| exp(iB) (1.8a)



4 B1E A4 7 —DRINEH Y RV (ERBCFE) QR L S H

= |A||B| expli(c + )] (1.8b)
= (AD +iA®) . (B® 4 iBW) (1.8¢)
= (A B — AOBOY 1AW BO 1 4O BE)), (1.8d)

X (CRB) 3eEGEAlc X hEtE A TE D, X () »6R (CRd) ~OZEHIEX, »IEO AL
WEkoTThbhTwna,

A ZAEHOK B 22T 5 L,

X (C=a) 25, HE |A|, WA arg(A) OER A, WA B, MM |B| oEERE»TET 3
Zrickh, fEE B 5L, WAZKREIEIDIC BT, AR FEHEERERXE2 221225,

BEHA, BIIHLT, 20rIHOREERIIL, KokTtREh 3,

(AB)* = |A||B| exp(—ia) exp| i) (1.92)
= |A[| Bl exp[—i(a + )] (1.9b)
= (A® —iA®) . (B®) —iBO) (1.9¢)
- (A(r)B(r) _ A(i)B(i)) _ i(A(r)B(i) + A(i)B(r)) (1.9d)
= A"B". (1.9¢)

1.15 #ERBOFDHLHRERRK

BEH B & 1/B2Z, ROADBEDIDETTDH 5,
B(1/B) = |B|[1/B|exp (i[5 + arg(1/B)]) (1.10)
=1. (1.11)

10, MoeHE 1, fRFfAE e OERBZDT,

[1/B|=1/1B], (1.12)
arg(1/B) = —0. (1.13)

Thb, Lzh>T1/B¥ A/BIX, XD LS IZitE I3,

1/B = (1/|B]) exp(-iB), (1.14)
A/B = (|Al/|B]) expli(a — B)]. (1.15)

SRHE | A], R arg(A) OEZE A %, R 5, HE |B| OMZTHTEDET 5 Lic kD, Mot
% 1/|B 151, RARKEE DI 872, 7% 2P LR EESE3 2 210k 5,
%7 A/B OIEEE (A/B) 1, RO X5 1CHBENS,

(A/B)" = (|Al|/|B]) exp[—i(a — B)] (1.16a)
= |A| exp(—ic)(1/|B|) exp(+if) (1.16b)
= A*/B*. (1.16¢)

116 HEEBOEXHE
RIECHER Z OMHE | 2] WA, R 2SR L Thr2ED, RKORTESN S,
Z] = |Z7| (1.17)
= /(|Z] cos 0)2 + (| Z] sin 0)2. (1.18)




1.2 HFEBDIEH 5
—Ji, Z & Z* ORIERD &5 EFE S 2,
27" = (|Z|cosf +i|Z]|sinb) - (|Z]| cos @ —i|Z|sin 0) (1.19)
= |Z|*(cos® # + sin? 6) (1.20)
=|ZP. (1.21)
Lo TIZIERDESITRTILHTES,
Z| =V ZZ*. (1.22)

1.2 #BEREHOIGH

4 5 —oAR (T28), (T0) [po] LEEROWE RS 2 212 kD, SAEECHIET 5 ER0

REHICEL 2N TE D,
1.2.1 IEEEDERA
BEMA L EE- B OPIER, XD XS5 12E£xN B,

A- B = |A||B|expli(a + 5)]
= |AlB|[cos(a + B) + isin(a + §)]
= |A||B|(cos a + isin a)(cos f + isin )
= |A||B|[ (cos acos B — sinasin 3) + i (sin acos 8 + cos asin ) |.

3t (T230) &3 (C230) O L IERE S 2N 2T 5 2 212 X D RORDE B 2,

cos (a4 ) = cosacos B —sinasin 3,

sin (a + 8) = sina cos B + cos asin 3.
Xz, A/BxEtET 5L,

(JAl/1B]) expli(a — B)]

(1A1/|B) [cos(a — ) + isin(er — B)
(JA|/|B|) (cos a 4 isin a)(cos 3 — isin [3)
(1Al/1B]) [

A/B

(cos avcos B+ sinasin 8) + i (sinacos B — cos asin ) |.

R (C260) &R ([26d) OEBER L BEEZ zh2his 2 Z 2 i X D ROADE LN S,

cos (v — B) = cos accos 3 + sin asin 3,

sin (aw — ) = sina cos f — cos asin .

R (CA), (23), (C27), (C2R) &, =AEBOMEERICIED? R 5, MR, §T33 [p) i

b5 k52, FETHOLTEOMEEZRMA L CELT 2 TE S,
1.22 2 f8ADORADIEHA
X (C238) D B% ACEZRZ 2 L ROXPFLHND

A% = | AP exp (i20)
= |AJ? (cos 2ax + isin 2av)
= |A]? (cosa +isina)?

= |AJ* [(cos® o — sin® o) +i2sinacosal .
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X (30) &3 (E32) OEBER e BEFE 2 Zzh etk L TRoX 215 2,

cos 2a = cos® o — sin® a (1.33a)
=2cos’a—1 (1.33b)
=1-2sin?a. (1.33c)

sin 2a = 2sinacos . (1.34)

X (E33), (C33) &, —ABRKO 2 EAonRciEhk sz, 2 Ao, §33 [p.) idid L
ko, HEFHOMEEHCTEET 22 $TE S,
123 F - E®¥77IOEEDA

en? = (eie)n = (cos 0 +isinf)" (1.35a)
e = i) = cosnf + isinnd. (1.35b)

17T~ LD 7 5 ZDBEEZ R - £ 7 7L (1667/5/26-1754/11/27) DIRAKDHEBIROR TR X
NZEHMDODFEATH 5,

(cos@ +isin )" = cosnb + isinnf. (1.36)

(C358)=(C350) 25, YREDTHZH, F - E7 7ML, A4 7—ORROKR, Hv 2 FH (8
FBCFH) OFEHAI D SATIOANTH D, IRLTHOLEELZDATER LR, A4 F7—DRARE A
Y ZEHE A > TVWERHFKLICE T, YRRETITH S,
124 FAZ—DRREZFEHDBEVWE « E7TILOFEEDSEA

R 27 7VOEMPRAINTZDE, A4 7—DRAPRAINZHIOZTHD, F-E7TN
i, A4 7 —0RX2HbRNT, ZOEHERRLTWS, &7, 16 HidoR XV I2koT, K
I TREND, 2T 2L i%2 = -1 WXRZEBHEEMEIFERINL TV, UF, 74 7—0nXE b
FIZ, F 27 INOEHEAAT S,

T 2MEAONAREHCTROREMHT 5,

(cos 6 + isin 6)?
= cos? § — sin® § + 2isin f cos 6 (1.37a)
= cos 260 + isin 26. (1.37b)

N (Bd) 753 ([378) NOZEFIZIE, =ABED 2 FADAIN (C33) ZHVWTW\W5,
XHIZ, n>21MLT, (cosf+isinf)cos(n —1)0 +isin(n —1)0] GHEHIT 2L RD X 51272 5,

(cosf +isinfh)"

= [cos @ + isin#)][cos(n — 1)8 + isin(n — 1)0] (1.38a)
= [cos O cos(n — 1)0 — sin @ sin(n — 1)0] + i[sin € cos(n — 1) + cos O sin(n — 1)6]. (1.38Db)
= cosnb + isinnd (1.38¢)

(C380) 205 (C3%6) OEHNCIE, X (C22), (C28) DINKEHZ VT W2, X o THFEAIRINERIC
Xb, F--E77VOEMMIHI N,



1.2 EEROIEH 7

27 7VOEHE, FOXSCi?=—1R2BHEN I OFEL, —ABKOINEEHEZTH
5, BT 22N TE 3, FvRFH (EEHFH) 2H->Twdbhbiuct > T, F-E77
LOEHIE, YRDZEDESITEZ B, HEM (cosh+isinh)” idn %z 1 FTOWPLTILITED, &
7 ZEEANT TN O L% 0 FOMBEL T Z2ick 3,

ReE7TNHAAT=b KT EF o TOWEFEELH, oA VH (BRETFH) v, ZoIE
WIS ¥ INRERIEIZ, DWIZRB 0D iz,

125 RXEIEDIIA

HFEHC R C=B-AEHKRT3L, |C? 13X () ph M3 [pB] 2L TRD LS I

AIETE S,

|IC|? = cC* (1.39)
= (B— A)(B* — A%) (1.40)
— BB* + AA* — AB* — A*B. (1.41)

AB* ¥ A*B1X, RD XS ICRIETE %,

AB* = [A|[B|exp i (a — )] (1.42)
= |A||B|[cos (a — ) + isin (o — )], (1.43)
A"B = |A||Blexp [~i (o = B)] (1.44)
= |A||B| [cos (a — B) —isin (a — B)]. (1.45)

R (L) & X (T28) OREFET 2 ¢
AB* + A*B = 2 A||B| cos (a — B). (1.46)

3 (I28) %3 (1) 1fEA L TRORE 55,
[CP = |AP + |B[? — 2/A| - | B] cos (a - B). (1.47)

X3 [p8) #5T 52, A OAB EZ=OEXM, |A],|B,|C] TOA & OB ORTMAX, a—j
THb, LIzho TR (D) ERLEHITIZHR S0,

1.26 NI MILOEERIEORDEH

2 RICR 27 oL o AR R E §30 [p.0]) OFRd &k 5 18 H XN 20, HEKE ERECEE O
MEZHAHLTEL LB TE S,

X (C=3) [pB) T|B|=1TargB=0 B ERXOAMIELN 5,

Aexp(if) = |A| expli(a + 0)] (1.48a)
= <A(T) + iA(i)) - (cos @ +isin ) (1.48Db)
= <A(T) cosf — AW sin 9) +i (A(T) sinf + A® cos 9) . (1.48c)

A % g Dfi, AD %y DEFE L EZ, exp(if) I & 20 THD, EEOEEMEEENFEH LT
PR XE 3 2 LR L, MEREROBREROFR L BH%E o/, v Fe LTHRETT 5 &, [liEiE
TEDFFHNERD & 5 b TE 3 2 e avbh 3 (THICOWTIEE 0 E [piE] BH).

x’ cosf) —sinf x
( y > o < sinf cos@ > < y ) (1.49)
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roRix, @,y =A(z,y)T vdEREZ, 22T

cos@ —sinb
A= ( sinf cosf ) ’ (1.50)
*7,
1 AT cos  sinf
AT =A= ( —sinf cos6 > (1.51)

A3 A oW THl, AT 13 A OEREBITYITH B, TibB,

T cosf) sinf '
< Y > - ( —sinf cos6 ) < Y ) (1.52)

FRDESI1Z, AA~ =A71AE (E 1 ZHNATH]) TH 5,

1 [ cosf —sinf cosf sinf \ (1 0
AAT = ( sinf  cosf > < —sinf cos® )\ 0 1)’ (1.53a)

1A cosf  sinf cos) —sinf \ (1 0
ATA= ( —sinf cosd > < sinf  cosf “\o0 1/ (1.53b)

PIEE X OCHCEE, FREVDPICY Y VSRR T 2720 DM TH 5, INEEE, RKEH, §-
7 INVOERER LIE, ZXRICRMAETAAT 2 DIIKRERED, +4 7 -0 EERECEH (7 A
) ZEET 5 22k D, 1320 ICEHEUCAEIARTRETH B L KU B,



1.3 HM & [H%

9

1.3 BRrEE

131 AL F—DRABFHEEELLOD
3711 8 EThHELVLDOD

A AT —DRREKYE 1 FEORICH AEDIF
K THTE Lz, SHEDFEZET S =MEBOIME
FEHOFINRIZITIDE WS DIFbhro72DT
2, A4 5 —0nRX () [pB] BELWE I
ZHEZEZICHEDTL kO, BZOL LY
RYEROWCEER (FrEZBNB) XL ETH
(4 7 —8)e ¥ BEL, AR 120Uk
YESoTWVBENELVDR, LES DT,
ES5TL &I D%

[31.2 @% (KFbLEDA?)

i) 2w Ty 2R L0, §CIT [p.o
WEEAR L7 K 5124 2V 7 OEFEE R XY T,
NEPEZRBOFHER#E LT, Zhefuiikye
X510k BETICNE, 18D A 45—, 19
HidDH 7 2D HBLIE T 200 ~ 300 4, fFl72lF
IR FERATL

ViECE 1 OBIEE X, FERBENCR2Z %
HIEL TWBADZVDT, EEBDFERIZOW
TH, HloTWBRZENEELWVWEESDTT,

WEBDPHRES LVDiE, EETHK D SZ-oPuHl
HE, W, BMOOERINETZoEEMR5L
W5 e ZATT,

ZL T2l HidoFkA1x, YD EioHGEke L
TZENLEMHES Z B TELDTT,

7Y AFH (EERECER) X, SFERAEDO XS
WHEMCERTE 20T, FH T ey
FENFERBRHII D EFTHRHIZ—THH, R
7 FVTRBRWD TS, FERER L BEGETOM TR
THE LA RATRIMERY DD £,

IEERES 2 f5ADOAK, F -7 7LOEM,
REGEHZ 21E, BB =AU RV
AEHDSKETTH, A4 7—0nREfM> Yy, i
HUCEFHATZ 2 2% KU ¥RATLRER?
Bz viT, A4 7 =3 H Y R (BRBCF
M) ZHID FHATL 2,

WRBNE, BEERMHEE 72 2 flBIcElid 3
572 DEETT,

PIER Y NS DR E RIS 2 M T3, THRE)
WS BHDERTITIE, sin, cos TTHAZEES
DHHNERAD, BREEH 2L, ZOHH M
72X XL bbb ET,

EPRER RT3 e &, TEZTET,
ZN IR T 2 DI, exp(—puz) & W5 RREAH
WET, p SERBIRE, 2 1 ZEDARRE O
HECd, Lo LIEBRFRZM S & IR
TROEHH T TREINDZZ D2 D T,

ZL T, BITROFELIM e BB, 77
v—Z-7n=y b DKL WS E I REIEHRL
BOLLE T, ZROFHRIE, 1926 ~ 1927 FTL
72o THUTOWVTIE, PRI LVDOTHKRTIHT
Db DD Y EBA, 1998 FEDREEERFEC, 2
NS 2RHGEHFETE N e BHYFET, 7—
Y AR AT 5 T Z OBROFEHIC O W TR L
72DTED, HEZEOMAGNFY R OFFN
72 &SRR F L,

AU ZADVERROAEHLRIEY — FBHD %
T, 1205 100 £ TOBEDHID, 5050(= 101 x
50) L BRIFICEIE LD TTh, SRR -
TVAIUXYZDAITL &S ?

BRAL, T4V axg OV ERROY
V= FRIZ=FHOEMZIHAL:, Vo005
D¥d, IhdBocHHROT, D 13 HOD
RO LT, N LRV ET, HRT
DT NIELBERBMBMEDT, REokt
H, 345 ou—T ek L EA=MENTES
ZEERBINCHI > TWE Lz, (32442 =52),
EALWSOIEFHEEZS 2 FTHEETLE, Ly
UK EREM =ML ERICIESFBIZ, 301
BN VWD T,

HRZI I MAD, AT HVRE, 74
VI aRA Y oIV EVDTRS ZeIET
ZFEHAD, BMLBZLWETESZTLEY. KY
EEONDBANIZHETTE, EDODANRBRDTT,

TAYTaRA YDIQIZ, #ild DD TID,
—FTIX 100 < BVWTE R - 72, Wb T
WE 3, 1Q=100 1%, £2<DNATL x, H &,
WOLEFEIEHT L

BRAIZ, 774 <20 1Q HIEDFEEIZ
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123 Tl 7z /—~WVHZZELLODIE, 1965 F
T3, ZDIQIZ, BRAFEENTIN (X9
WIIMATE EFRHA L, BBELZZII-L 21
TREMERE ) LIS, IS Tkt
w2 MO THEERH L, EBELRR) T
FLRRETLZ A MY v NI REL
B, ZDOREDEKT L7z, FTHIK X4 7
DFEZ L TRy 2@KT, —HHFRY Rl
WTWDNFRET, 2 EHOBRI A LEHEL T
WET, 7272, RUIOBRX AL, B TRmS
L DRV & EEMO ETHEEB LI L TV E
T, SEHOBRIA L BIHITTH, ZHhFI7 7
AV VHEPHARAZ LI BHNTLE, [T
TKTL xS, 774~V &A) B—EHRAT
HBTLTEEWV, HIRTHS OV EEWET,

%1 E0#KRT, PCRIEEYTAF UKD
WCHIIAL % L7223, Hemfficlgcsik
BO5DTTH, E5TLEID, YU hH—IF, ¥
TAXHEORAT2HEHD ) —~VEZZEL
F L2, TRF ) oBlk»rol74 7712l
T, DEDICHHEMPEZEBVWEREATLED?
NEEL T F T ZMDAATLE o DM
EDBIEE 5 2 W0WHRETFOZETT &L

BELRIED, RATZ IR 2720 A
PED BIFC&ERdDT, A, 20 17272
Tl EXTELZFEREB L TMLVOTT, 1)
) XEWERTT D, ZoO#EEELT,
X TACE D) ZIER Ve EoT0ETS,
132 BARTEEBRRICOVWT
321 8/ D &S ICEVTITEON

BeE ORI TLEE R PRSP MR Y WD K51
MDD T, CARIIZMEVRDITE &0
WTLxO57?

322 @&

§CT [p.o] ICRER L7z Z & TIA, HEHBTIE,
FHER e B OETRRT 20D e, HooHE
CIRATRTDADLDD £73,

ZNEAMAL TIMEEESLRILEHS 2 £5
ADNI, FE7 7VOTEHED, EEfEIZFEH

TZXE L7

%R E [pa3] 12X, X MROKEEMED 3 o
TEFETH, 3202 bEIHIEMTT,

IEfEDY 1 DTIE R, 2WnWH ZeRELshh
BZNTEVWDTT,
1.3.3 [EERITFICDOWT
331 B EEEHRT IR0 OFEICD
WwT

PEAEZA S 2RO (2,9)T & (o/,y)T @ 1
DHEEZ, 5L THIVDTI D,
33.2 @%

HamrbE L, Eb55THMbRVDTT,
(z,9)T, (2/,y)T DEB® IT) 1%, BB~ b
LNERLET. (2,y) % (@) BITRZ PLT
TH, (z,9)T % (2,y)T 13FIRZ bLTT,

bbb
—sin6 T
(2 s

< x > _ < cos 6
y )]\ sinf
ThiuL

(5)=( 2t o) (5) as
eb¥d, A () X (C53) OIT7NRERE
TN Z D EHMTINCRDET, ZOHEZR
Fio 7 IETTA R BT E WD E T,

FICERLIZFIZE 1) 2003, HLIicER
L7252 Ty 20 2 00EETTA, ko
T, X (BE) LSRG ER, 24HDE
3, I (29) [p.A] 253 (CH3H) [p.B] Datkz
ZRLTATLEI W,
r33.3 B X (r28) [p.0] DEERIZIEIZDWT

M 45 # /F o 17411, X (ZR) [paE] @
A cos— AW sin® % 2/, A" sinf@+ A® cos b
Yy E LA L TWR WS B TRVWOTL &
D Do
(334 @%

ZOMHTE, #FLTa=A", y=A0 o
EOTEZTVET,
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E2E

RO 571 —0DF]

2.1 FATS T —HROZE

AR TT 4 =%, NUHTV—FRAFXFVRAANTERLFE, MHPFEDT =R - HR—NMITEoT
1947 4, BFEMBEOIEMELZHNE L TERINL 1], YFROE FEMEIE, EFL v XL
YALPMENIZ N D5, BBREICEWTRELGRIZZT T, (21 HidIC A>T 6E ML
YADFEENZ OMEIZBEHE I TWD), —BRICEMBEE, LY XOOEE ZREVWEFYE
WIRBREBS SN 5, Lo LETEMEOSE, O KE QL 213 CIREINGE O MBI BHE IR
D, RGEWICIELR DN TV, NHABEMETORANGE & AUGERIEICIE, BITRSRR 2T 7
ZDMML Y ZBIOML Y X2 BMARDETHWLORS, BEFLYABHL Y A LATERNI Y
T, BFEMBORAIGEMEZEE LTET, RRECRADDH 070 TH 5, ZORERIITHD
HATOW TR =g, BFEMEGERORIE L HOR A 2R TEhE, ZAEEELTER
FLYRZEDIERZMIETEZ 2 &R, Ar2 5 74— (holography) ZER L7z [, ¥V viET
FRTO) ZEKET % Tholos) 2FERTH D, KOBMHEZRTIRIEL MG D (DFD ITXRTOD) 1E
WEFSRL S 2I/RIRETH 2 Z b 2O/ EZ Sz,

SH, xu277 4=, MEREEREEEMEEZONE Z 220D, REWGZHOZEE S, 1
RO K EEX 20 S HRE SR IEICH VSR LT3,

BEOTFBERCEMTHD, RFRCEWTBEEET 22200, LV —2HEBEIL BT
2% TCRSHOBE AR o7, 1960 FRICL —F =D ER L TH L, LY AREDNEREDEYL
BIVMRDSIIRGRZFLSRT & 2T L THYL S h, HR—IIE 1971 £ —~UYHEENE 2 5
Nz,

HR=NADYPER LA T T 7 4 —iF, MEESRCOMIR LICE S, YRk > THEilank
B BBHOTHARR—VEHRL LI TE2HDTH o7z, DXL TDFT T 74—, SHT
F A4 vknro 70— BROLIE THAR=—VEER0rI7 44— XN TWS,

22 KOS LOIER

HOIRNE & MO T ZFER L IZFZMRe 7 4 VA BRR 7T LW, KOTBMEGRT 2 08
Mo, R T 4 LV AIEEWRBENERE NS, KED (a) 1. L—F—2HWEArrT T L0k
B FRERL TV,

HFEP DL —F —HEML ¥ ZF /I Y A THRBE — LA Lzb e, MIKRERO T

L nsing TRIND, BTEMBEOHE, EIFfEn=17T, 0 3WE»ISHMYL > I AET 21D [AEHE]/2 TH %,
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IN—TIT— IN—TIT—
CEH) (&5

L RE-1%
(ML X)

(Dre + Dob)(Dre* + Dob*) (Dre + Dob)(Dre* + Dob *)

2.1 (a) kR 77 LRERONERE (b) A1 2T AFERONY R, [RY ) DU TG
USRI ND, BURL MR, BEEK (Dre + Dob)(Dre + Dop)* D7 4 VR =125, ThESR
HTHS T e YMEDN RS HES NS

WZEICRS TN T 270D LR TV v & — (FFH) PRETHS, LrLINbDNER
FIBXICEVHEERER LAV, KED (a) T, E—AR7Y v Z—CRE SR EZEICES T
)6 (BIOE) OIRIEZ D,., WRCHELS N D RIS 38 (MEE) OiRkiIEZ Doy, LitidLTW
5, FeMUT TAA) TRAEL TRY) THRIEWET 2, TIXNARXTDENFTHEERZICHW
LD, AREEORIC LI DEL RS (2 THoTh, X714 FigIcHwHN TR
V) OWRTH2 L, BOEHET o LHMEOEDRE AL TEBR (FbbEIE) R E
{72595,
FARICELR E NS THBRIEXROATEZ 6N %,

|Dye 4+ Doy|> = (Dre + Do) (D, + D2,) (2.1a)
= D,eD?, + Doy D’y + D, Doy + Dy D5, (2.1b)
= |Dye|? + |Doy|? + D, Doy + D, Dy (2.1c)

FREBHG LD A2 DAY, KD (b) @ k5 1skotzats 2 ¢, X (20m) 1352k
DN T 2 BERTH 200, TRDEITITE, RD XS RIKEGHEL 2 il s,

UDre|2 + ’-Dob|2 + D:eDob + DreDZb] Dre
= |Dre‘2Dre + |Dob‘2D7"e + DreD:eDob + DgeDzb (22&)
= [IDye|? + |Dob|?] Dre + |Dye|? Doy + D2, D, (2.2b)

B L WA, SR EIE—EDWIE |D,|? ¥ [Do|’> TS LTV L EZHNEDT, X (Z20)
DF 1IEHE, BBE [|D,e* + [Dop|?] D ND 7 4 L2 -2 23FEi L -SRI » R S0, 5 2 TH
X, BBE (D, DND 7 4 L Z—2FEB LA 25, WL, WESRNICSp0b 5T
BHIir b TEOEFNCHED B 22D X5 TR K TH S, & (E20) 4 3 HIF 1 KEEK L XA,
WIAKTS I R BT 2 HINCEREE L 5 2720, CRERDBRL DO TRSEENG, 1 KEEHE

*2 FRTOERDONITK T 5 3EELEDFE U 7 4 L& — (Neutral Density Filter)
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FROTHRLEIZ T2 HAES 2 8, MKOBDPIARINCHR 2 28Tk %,

2T ISRV T B 2R D R Z R AT, BE 1/ AN EL—F —0EE) OF#M~Z PLK %
&b, B D, MK Doy, %2 FHIEE DI RT 5, FZRENICER T 28T Pl e, L e,
Zrh, KAMiZe, &%, L=V —OZHEE X UMIRLORKEX K + Ak OFEIELIHET
5ZEMTELRITTHS, SHIZAK Z ey, €, €, HADKRTIZHRT 5, T72DB Ak = Akge,
+ Akye, + Ak,e, LEL, ZOK, |K+ Ak| = [K| THRIFIUIR SR, FER EOMERS T
IV Tpiate & Tplate (= x€4 + yey) E722 XIITERT 5,

A (20) Doy 1&, Ak OBIETH 313 F58DT, Dop(Ak) (= Dop(Aky, Aky, Ak,)) DX SWTKTZ
LT B ERZNEI, A EORE Ty (= Tpiarees + Ypareey) ) OB E 1 31 FROT,
Die(rpiate) ( = Dre(Tpiate, Ypiate) )s Dob(Tpiate) ( = Dob(Tpiates Ypiate) ) P& DIWIRT I LITT %,
Dre(Tpiate) & Doy(Cpiate) 1, Dye ¥ Doy ODFHEHRD ZELEDELZDDTH LM S, KD XS 1CH

J %,
Dye(rprate) = / / Dre(Ak) exp [i27 (Ak - rpiate )] dAk,dAE, (2.3a)
Ak, J Ak,
= / / Dye(Ak) exp [i27 (Akyxpiate + AkyYpiate)] Ak dAE,. (2.3b)
Ak, J Ak,
—7,
Dob (rplate) = / / Dob(Ak) exp [1271' (Ak . rplate)] dAkwdAk}y (24&)
Ak, J Ak,
= / / Doy (Ak) exp [i127 (AkgzZpiate + AkyYpiate)] dAkzdAE,. (2.4b)
Ak, J Ak,

K (Z3) T Dye = Dye(tpiate), Dob = Dop(Tpiate) B T 8T X D EZMRICFLER X 412 2558 & % 3T
TE5DT,

‘Dre + l)ob‘2 = [Dre (rplate) + Dob(rplate)] [D:e(rplate) + DZb(rplate>] (25&)
- Dre(rplate)D:e(rplate) + Dob(rplate)DZb(rplate>
+ Dob(rplate)D;'ke (rplate) + D:e (rplate)Dob (rplate)- (2-5b)

ZROCOFM ETOIRIEEALE R PV E De(rpiate), ZRZZBL7DHE DMNEXRY FLE
Dye(rape) &L, BURLZZEHUCAGHT 2 HIROSROLOIRIEZ, KiIC X 2 REIHZ EHIKE312F <
ERDESITHE B,

Dye(rqpe)exp [i2m (vt — K -rq54)]
= |Dye + Dop|* Dre(Tpiare) exp [i27 (vt — K - r4f1)] (2.6a)
= [|Dre(rplate)|2 + u)ob(rzolate)|2 Dye(rpiate) exp [i2m (vt — K - rqyt)]

+ Dre(rplate)D:e(rplate)Dob(rplate) €Xp [1277 (Vt -K- raft)]
+ Dre(Tpiate) 2 Dy (Tpiate) exp [i27 (vt — K - rope)] - (2.6b)
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Lo (EE0) 2 fTHOHIYKRDEDIEETNTWED, ThEILIEHETIZERDESITK 5,

Dre(rplate)D:fe (I'pzate)Dob(I'pzate) exp [i27 (vt — K - raft)] (2.7a)
= | Dre(tpiare) | Dob(Tpiare) exp [i27 (vt — K - r474)] (2.7b)
= |Dye(Tpiase) | exp [i27 (vt — K -1471)]

<[ DAk e 2 (B ) Ak, (2.70)
Ak, J Ak,
= |Dre(r’plate)|2 exp [i2m (vt — K - rqyt)]

X / Dop(Ak) exp [i2m (Ak,z + Ak, y)] dAk,dAk,. (2.7d)
Ak, J Ak,

X (Z78) [p.E] 253 (@) [p.E] B & T (E7Zd) ~NDEFUE, Doy (Tprate 238 (23) [p03] ZRAL
TiThNhTz,

X (7)1, FEMDETH 2 Dyp(Ak) 27— VBT B 2I10& D, FEEDB Dy(r) & L
THMR BRI NIZZEZERL TV, 20k, KD [p] OREDRR ST 7 4 =% [7—
VIZHRERR 757 4 — ) L XN TWS, HHFECL—F D XS REWAI Tt (ae—1 >
V=) EBERT N, L—HF—ERHBIEE-0D0L AL, BREHOL Y AT ORE LTI, V)
RO RBREFSRTE 2 L\, TFHHREMTH 2, X (E2) p2] 2SI 2723 T, ZoHiMio
AERIFEEMTETLES CLREEZELRVES I 2, ZOHMOERICE, HOTHLWIY
EERr, X (3) DETIRLZ&S T7—y &y v, EEMEEER GO 218
RIBBEPEBEATVEDTH 5,

23 BHELEAOJVILICELBIUBROBE

HRBWLIE 7 4 Vo HOWIEEOEREDOEE, SRBPEIND, 74 VAPHIELED TS
ZOEHNOBIFKONTLE S, LLEARY T LDHE, URPENIZDEELED LZGETH,
o 7B ONIMEERAETE 5, ZHUE, BRZRVWLIET 4 L a0 7 — ) ZEBGA SRS A TL
2256 THY, FAFEOK LI [pBY IBWT, 77—V IHoEWIEROEEZ Y BWTS TZh
YOG BEETEZDL, FHEMLUTHS, 7L, K2 (b), (), (d) [pBd Rk, GoE
BEMNKRDIS Z XI5,



2.4 ERx [ 15
Bl —i%iz
04 BRLEE ’
D = Dycos[2r(vt — K -1)]. (2.8)

241 1REEZHIZOWVWT
a1 B 1 REBHADGEBEL DD

X (Z19) [p.[2] 4 4 T8 (1 KILEK) IR ¢
WODIE, EDXIBRERLZDTL x 557
D12 [

FTZOEORICELTIE, Re® D, 12, Ob
% Dop WEZHZFE LT, Z0hEh, SR
HADIRIE (EREE) ERLTVET,

FUBMEZEBAOZHEE» LZTE Lz, &
ORICIE, 7V 7 —REENTE FH A,

Web 72 821372 AL EDRTH > TWVWBDT
T, 1 B 1oV TIFZ L DRFHICK D
BHINTBY, RIS LTI S5nhE
W2 MREER YR BRI THD E L, ¥
INDBD XS BDTTD, E5BMRLTVVD
DEL DL EEA, DIDVPULINATAHAET,

Rxaro 74 —%, Rhkr#RLFIET,
ELHELEFETHINEZ, /—NLVEOZH
WMRICIZE SR ->72TL x5, EEZE, R
(ZZB) [p.02] ®F 1 [|Dye|? + |Dop|?] Dre @
[[Dre|? + |Dop|?] BZEHKDOBKTH Y, 172D
ND 74 VR —DHTH5Z B30 HEI,
BN S DHFL Y X TEXDMD
TETVWREVWDTRY YY) LERERS T
JOXTH D, GREHIC—FRRBEBRRE S
ZAFETo Dpe 3BRHADIRIBZD D DD T,
[[Drel? + [Dop|?] Dye &, ND 7 4 L& —% 3%
WLEBRAEZOBDICHEDET, ZLTH-
b RERDOHR (B28) |Drel> Doy DIETT,
IDye|? 1, BEBLEBRAEPEHRERY Y &
BOTHMERDT, 272D ND 7 4 VX —T7,
|Dye|” Doy & ND 7 4 V& — %3558 L 72016
ZDHDITKDET,

CZETHABRLTRDLDOVWEDTTS, K (—
T BRI OIRIEZ RS OICERBEHV 5
CeEINFTRHAMELTOERATLR, B
BOUIZEREESRE L TW5 DT, KOHKH)

D& iR ENET, Dy FREErIZEIT S
B2 FLDOFETORDIRIE, v IZIRBIEL,
IR, KGR bov, r i fiENR 2 bL
T, 72721, ZABBuIIMEEESMEON
R, BRHOLARXBD 200, Zh s X HiEHE
BOIEBEH DT DL DT, WE%h%

D = Dgexp[i2n(vt — K -1)]. (2.9)
DESICEARL, BHERNLIIEREES D O
EREFE L EZD, L WO BERONEND D F
T Do i%, R RICBI 2MENY FLDJER
MTORDRIETT,

Yt (FERGER) 12 MRt 2w B H H X R
DIRHEDFDEFD U L DR DT, AL
DK DWTIRIFEEZ AL T, Dy ZRAH 7 —
TH2HhD LSS DB—KINTE,

R (B3) O & 5 BNDOERBERIRITIIFE & 72 X
Uy "BHZDTTD, 021X, EIEET
2 ORI n FEEGE 0 L BEGE () %
=, WEBhOKHG D %

D = Dgexp [—1277(71(7’) +in)K - r} . (2.10)

@;5mﬁﬁéﬁf?oﬁﬁmg%ﬁ%ﬁm%
%?é@ﬁ*%%f?oﬁGEMGﬂD‘%ﬁ?
5t

_ 12 ) .
’D’ = |Dy|” cos [QWH(T)K . r} exp (47m(’)K . r) .
(2.11)

Lo (1) © exp( ) DEEWRINE 5 2, HHE
DRI EE p T2 p=4mDK ¥ 73,
Z D KSR 2 I D IE % JE 43R D i U
FELTIRZ B ZEDROBHREIIZEKDOX Y v b
KO DOTY,
0213 B AOJ S L%EHS—EWD LIFTL
F2EL

R T LFGHFARE D THETEZTY
BOVEDDIZNT S, DD ELn, Kl
HED EFTWRET 2 ELVWTT
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B2FE Knr7 74 —DFRH

U4 [

BIENCER L7 DERBE TR EDT, B
—EHBELZVwWEEVE T,
0Z15 B 7—VIERBEDIFHIO M8 kid

TN IEFRIL Bo Lo TWE LY, fil
Wb B IFFETH2DOTL 57
a6 B

(7 — ) 28R o L CiEma 2 D,
ABEEEHD §20 [p.I] 1CFb LA R — LBk
nro74—(AY74vk0r7574—) T,
HR=WEER T 57 4 —DOBEFEETTHE, 20
XA TDFR0T T 7 4 —IFESHTIHEEACHY
LRTVRVWE EWET,

7272, BEOCOMIHTHATZ 2 Y v S~ Uik
0777 4—%, LAYR—Fknro74-t
WolzdDH5K5TI,

HR=NAPErur 77 4 —2HFELZEHNIE,
BT HEMEOIEMET L, ErRdinr >
7 4 —1% 30 FIF AN, HIZEMERTOAMTE X
AT XD, BFEEMEE O DI IR A
R TETROWEZ 2 212082 T4 7Y
AL ZHOWTERLE L, 71NTJ 7-KR—
LR, WRETOEAZICHWSHR, /—
~OVEE IR SbnE Lz, AR X ADME
RICEDEHLEEATL .,

NA TV XL TR ZTETZL 2 DD — A
BEWZTFBLAS Zvickh 3, BT EHRH
MEICIZ, EFFT XTI TRELIZDOLNH
INFLD, MHIWDZETFORDZL KRBT
ONT, THRIENS LW EBITbIEL
Too BT ORI & RENE % FIR BN U7
REBRT LU 7,

BEERYTHERRT T 7 4 —DFEBEH LTV
X95TT,

BOTFWDY, 3 RITEEOER, FEL WS TH
) AL EECRZIRICEED, L—F—
Zffio/ey =) ZZWH R0 757 4 =D DF

e BBl TW3 2%, Mo BniHE
5 &1L, tRVET,

a7 B MiEDEVDICELHZLSICR
ZAB3DH

RKaZT7 4 —ZOoWT 24 R iIzo0n
TIIHEHMBTZX D TITD, ZRUUEDPHPSRIC
BoTLEWE L, Hiic TRY ) ofri
L7z0b, MRERDZE> TEEL Y XD HDK
BPEDAZRERICHTE L, b ePERDOEL
THoTNBIIYIEDRD S EHICTRZS, WD
HFETHREEWZWTL £ 5 2%
0Z.8 [

LOHBETHEEVD D FE A

R (EZB) |Dye|? Doy @ |Dyo|? &, BENHE
WES L TWRRETT, ZIE—EDBERD
ND 7 4 VR —¥ B ET, Dy IWENZD
DT, |Dyel> ®ND 7 4 AR —RLIZ, PikAS
ZIRZHEZDPDEIIRTMBICHR->TRZIZD
T3,

DZ19 B 74 IL2— WS EEOEKIK

FIRIZOWTDFET BB [|Dye|2+| Do ?
DT 4 NR—=Z2FEE L ZROUGEE W) ¢ F
PIUTHDETH, ZZDT74ALEx— VWS S
PNERDHTETEYDESRBDRDONIT- X
DebhblRoTVWET, TD7 41X —%
W7 WEIhERDH, EI1THELAL
CBBEWLET,

DZ1.10 E%

Zang—Ww5 HizHHETIE-oTL
FWVWEAEEA, 74 NVE—I1ZEDEHEDMHE
THRIANE—, T4 NVE—, BT 4 VR—=IR
EBRHDET, TR T EERT S
BErbbEd, (741K —) % IND 7 4L
% — (Neutral Density Filter)) IZHF XD F L
720 ND 7 4 0 Z =205 DIFTNTOREDN
BIFEIER (BIN) §5 7 4 LE—TT,
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E3E

71 7—RBRACYIZ7O0-V2ERASELY
A1 S —DRIADEERA

31 FAZ—EBRevIO-) EROESE

TA M, Ray 7Y FPOREE RXEE, Yx—uX - 713V — (1638/11-1675/10)
WKEoTERIN, NRITEAFVROBEHEE T VY 7 « 74 5 — (1685/8/18-1731/12/29) I2 & » T
BAZNHDT, ROAXTELKEIN S,

fa) = flzo)+ (@ z0)" - (3.1)

BEEL f(x) LT M (2) 1%, flz) Z nBMD LEBEKTHY, f(x) IZERREIM S ATEETR TR
AV AN

2o =0DT7 —RZOVWTE, Ray FI7 Y FOBEEIY Y - w71 —1) ¥ (1698/2-1746/6/14) i
XoTHtah, v 7u—V YERE: JIZnTnwa,

COETEYzun—Y VEMEGTLRL, FOIELXZFHERICE > THRIE, 147 —0AREEHT
30 A4 7—0nRE, WL ODDIHAFEDLH 2, (1570 [p.L3U] TX, MHIckBiEHZGRL
TW3,

3.2 ®o70-Y) EREADER

K (BD) Tap=0 LB Y, XDvrn—1 VEHOXDELNS,

Fz) %, RO XS ICREIND LT 3,

o o]
f@) = ana" = ap+ a1z + aga® + azz® + agzt + -+ . (3.3)

n=0
flz) @ 1[E, 21[E], 3EEUATO XS ICidE N5,
f'(x) = a1 + 2a07 + 3azz® + dagz® + - - - | (3.4a)
f(x) = (2-ag + (3-2)azz + (4 - 3)agz® + (5 - 4)asz® + - - -, (3.4b)
(@) =(3-2-1ag+ (4-3-2)agz + (5-4-3)asz® + (6 -5 - 4)agz® + - - . (3.4c)
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b ' I ' " Test_Maclaurin_0010.dat’ using 1:4 1L ' il ' "Test_Maclaurin_0020.dat’ using 1:4 —— ]
(b) (c)
|
°f 1" N=20
N=10
L E I A‘A
-20 -15 -10 -5 0 5 10 15 20-20 -15 -10 -5 0 5 10 15 20
' ' " Test_Maclaurin_0050.dat’ using 1:4 —— ' ' ' " Test_Maclaurin_0100.dat’ using 1:4 ——
it 11
(d) (e)
0 FAJ— It
N=50 N=10
1t ‘ ) : : ; . ; 1t ‘
-20 -15 -10 5 0 5 10 15 20 -20 =15 -10 5 0 5 10 15 20
X f0(0) :
3 o ~ oY/ g ) — N VY m
fa(z) =) . (6.2) fa() = cos | 2 =

n=0

31 X (B@) TERS N (a) REBEE fo(r) &3 (BZ) T oo DD I (b)N = 10,
()N =20, (d)N =50, (e)N =100 TatHZ24TbYo7e~vrn—1 V&R

ZZETRRT 5, XROXIBRHBAIDEKD ZODTIERVWIAE WIS LTK %,

lim ™ (z) = nla,. (3.5)

x—0
R0 5) FOUTREERESY, IOICHBICKENFEWNERE2HELIZKEL XWETE2DT
HAHI0, HDEHXUTET KT 5] FIFTHELT, XOLSCEWVWTLES,
/() (3.6)

n!

Ay =
Loz @8) 2R (63) [pro] WRAT 2 2R @) [p] AEHTETLES,

3.3 MEFHEICEZYIO0—Y) EFEDKSL

X (B2) [p.a] BEALT 272012, f(z) 23, EREM D TERITNLXZR S0V, Acos(az)
Bsin(bz) %, EREMIARETH 2, A, B, a, bld, ZITREKRTHZL LTWED, HERAD
IR B AIRET D 5,

RITHKEL 3 DDHEIT, R fo(z), E fi(r) BEURZNSLDMTHRIN LK f.(x) D~z u—1
VERZERD, ZORMEDELSEHAT 2, fu(x), filr), f.(z) ZRDISITERT 5,

o= o (20°2). o
ﬁxm)=:shl<2w;§w>, (3.7b)
fe(x) = cos <27r;_;x> + sin <27r§x> + 2. (3.7¢)

331 REERICHTZITorO—") Y REAOBEEIC & BIREE
A (@) D& 5 ICERS MR f.(2) »oR (B2) pL1] OFREEFELY > A—varE
SN, (n€{10,20,50,100}) T B 7 BHE f.(x) L —CT By b LTHELEZO, KED

n=0



34 70—V YVERIILEZE AT —DRNIDFFHH 19

L ' ' ' 'Tcs(_haadaurin_oods.dal' using '1:3 —
(a)
ot fo(w)
ak
20 15 10 5 0 5 10 15 20
7l (bj ' ' " Test Mdlaurin_0010.dat using 1:4 — | | (C) il " Test Madaurin_0020.da using 1:4 —— ]
\
o N=10 | ol N=20 ‘
| |
1t . L 0 . . . L q11E . . , { L
20 -15 -10 -5 0 5 10 15 20 -20 -15 -10 5 0 5 10 15 20
il ( d) ! " Test_Maclaurin_0050.dat using 1:4 —— | Al (e) ! ! ! " Test Maclaurin_0100.dat using 1:4 —— |
ot N=50 oL N=100
1 1t
20 -15 -10 5 0 5 10 15 20 20 -15 -10 5 0 5 10 15 20
- N '/~[H)(()) - el . : . |
fu(2)= g " (6.2) fo(x) =sin | 2r—a
by n: B

n=0

3.2 X (B7H) O &5 CERS N ELB fo(z) LR B2) T oo dfKb DI (b)N = 10,
()N =20, ()N =50, ()N =100 THEEHBY 577 u— 1 >Rk

TH%, KB (b), (c), THDE N =10,20 BETIE, f.(z) 25»RDIALTWVWEH, N Ofi%
N =50,100 b KEL T2 5 AR %E 7y b LAZKBED (a) 2K BI (d), (e) HIEE A ¥ XAIHE
PIEVETICE L —KT 5,
332 EXEBICHTIYIO—U CEROBESEIC K IR

X BB DL IREBRBINLEZLEK fi(z) 25K B2) OBRKEHE LY X—va v
SN, (n € {10,20,50,100}) TH B Yo 7288 % fo(x) L —#cF vy FLTHELZOM, K
B2 Thsd, N=10,20BETIZ, fo(z)26h2%DALTWEH, N OfEiz N =50,100 ¥ KZ<
T 5 AN E TRy FLERED () ERIBE2 (d), (e) XL A YKBIDFDRVETICE S —K
ER
3.3.3 REBBEIEZBHOMICHTZo0O—1) v ERDIKE

X (B7@) O X5 KERSINI-RLEB L EREBOM f.(x) » 53X B2) OFRBEFHELY > X —
vaveE N (ne10,20,50,100) T HY) - 7208 % f.(z) ¥ —$ic7my b LTHELZOM,
B3 [p.20] TH %, N =10,20,50 FRETIE, f.(z) 260D AL TWVWEH, N Ofik N =100 &
KELTHL 5 D% Tay b LAEKED (a) X B3 (e) [p.20] 1XEF L A YRBID 2R VETIC
EL—HT 5,

X B, [¥B2, XB3[po0 iR LARERE, v 7a—U VEBOE L X 2@ITICRE IR LD
DTERWD, ZORMEZEBINC NMELVWEREL 21 1K, T0RbDEAS, ROHTIE, <7
n—Y) VEHEM# - TAHA 7 —DRNROAHE LIRS 5,

34 v70O0-)YERRICEZ A1 S—DRDIEA

£ B [p.od) X, fi(x) = cos(z), fo(x) = sin(x), f3(z) = €@ LEX, ZhLh%E n bl (n < 5)
o LB £ (), £ (@), £$7(2) B3k, x5z £70), £M0), £M0) 2—EicLzb0
Db, TNZNOBBIIMIZ A EEDET I Icd L OBBICRS Zevbh b, RE LI T,
d[exp (cz)] /dz = ¢ exp (cx) D3 ¢ R TH o THMILT % LIREL TS,

KB [po] 25 fy() = fr(2) +ifo(z) THDBZEDRDDD, F457—ORR (2) [po] 2L FIcH
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e
T fe()
L ! " Thst_Madaurin_0010.dat' using 1:4 —— 14l ' " "Test_Madlaurin_0020.dat’ using 1:4 —— ]
| (b) | (©)
[ N=10 ‘[ N=20
.| ' Test_Maclaurin_003D.dat using 1:4 —— | ; ' " Test_Maclaurin_0100.dat' using 1:4 —— |
;Mw ’;Mmo
flz)= 4 '/' :/' ),r”A (6.2) fe(®) =:cos <27%,1'> + sin <2:%,r> + 2.
3.3 X (B) @ X5 ITEFRSI N (a) RILBEE L EXBIEUC X D SRS AHIBEE f(z) £ X
(B2) T 0o DIXb D IZ ()N = 10, ()N = 20, (d)N = 50, (e)N = 100 TAE&HTBY »7<
7 a—1) VR
%31  fi(z) = cos(z), fa(z) = sin(z), f3(z) = ¥ Lk &0 n B#S £ (2), (),
V(@) BEU M), £70), £70)
n 0 1 2 3 4 5
1(”) (x)  cosz —sinz —cosx sin x cos x —sinx
fzn) (r) sinzx cos T —sinz —cos T sin z CoS T
én) () exp(iz) iexp(iz) —exp(ix) —iexp(iz) exp(iz) iexp(ix)
£ (0) 1 0 ~1 0 1 0
M (0) 0 1 0 ~1 0 1
M (0) 1 i ~1 —i 1 i
B3 2,
e = cosx +isinz, 3.8a)
e % = cosx — isinx. 3.8b)
FoXBR) 28D 2 LD, FEEENRITL TWEERA, MosReonn, &
FRCTHFERLSILL, cos, sin DAEEH > T TIRIEFEICHEHB 258 %2, $88GERIZH-C

HHEIITO 2N TEB LR IZDTH S,




3.5 EMHEEE
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3.5 BRrEE

3.5.1 B [p.L0] DFEHRI XICDWT
Bh1.1 B RED [p.LO] ICEEHRI ANHD FHE
AD

£ B —F T2 £ (0) cidz <, £M(0)
RO TWVWBEDIEIRATL & 5D, REFHDaX
VI EEERLTLEVE L,

EH.2 @%

LBED W, VEVEEARIAZLTLEVEL
72o BB E p FXAVWTHEOLEWTRZL X
AGEIR I ZAHIH Y, A DZHEED ST
H5WVWE L,

FIIEL7N—Y a Y OF B EICEHAR L 2D T,
ZHHDhZRLTRIW,

352 TAS—EBREY7—)IHKBUCOVT
Bn21 Bf 71 7—EBRiE7—) IRBo—&
LAY

X (M) [p.ea] 25, 7=V T WS D
flz) ZaEBLTRLAEDBDEWVWS ZETL LD
Do FRELOMERLTA T —ERCETVS
EBoTeDTTH, 74 7—ERIEZT7—V gk
D—FDEIRDBDIEDTL & 5D 7— VI
B 7=V B OEND XL T35 TWRVD
7 — ) #1350 () [p.es] oAEEEL,
7=V LR f(z) ZELTHELTVL W
HZETL &I
E52.2 [%E

flz) ZELENCKRD LS LTWEDIE, &
K ZOD#DTT,

2020/6/15 D% 6 FIDFHFET, 77—V ZHRED
N <27 a—1 YEBEOIHIZOWTORIERT
BOWREBEN LT, REZIBW=00 45
NELA, 74 7—EH (v7u—V VEH) &
7=V ZfEFEL Mo b DTT,

~ru—) VEHIX, RETHL 7—0nXE
BT 2HNZFIf-oT0E T,

7=V TBD, REDEBRTTA, Alfla
O JEEARI R R EROE, M o o =M%, EH
a/2 O=AMBER, A a/3 O =A%, R a/4
O=MER, -, FAla/oo D=ABEKORITR

ZH52LT0W33HDTT,

ORI [p.6d] X3 [pBI] 12X, KK
DEIEZ AR ZEHTIT B Y- 25812, 7T5Y)
Do ERE N ZRKELFTHET21FE, ToM
BITEDSWTWL R FERLTOVWE T, EFay
Va—&—%fio THMRDOMRE L WS DITKD
5223 TEY, Yo TEHREEZITHY - TLo
BESL f(x) ZERIT 2 2L ic D 15,

PRI C X, BEEK f(x) ZEEBHICE &L
TH, f(x) DWZERIR F, ZRKREZMED h £ TH
HTEXZ220WS 202 LHLDTT,

B523 8 7V Ik T—5—EHEIZL S
ESDOH

7=V e 77— BRI E VWS 2
WEHODo7zDTITH, EIESDIPELL-KD
FEVA, 7V EHNIEHHREE o/h D=1
BB OMTIoBERZS 35, ZHUTHL
T7—7— B, HEROEEZHE L Gl
TIOBEBERZS L LTWS, VSRRtV
WODTL & IDe Fiz, 77—V ZRBUI =AM
OMTRZS L LTWBE0, 4 F7—DARK
DRBBERRICEIRT 22N TES, 2R
NTRLKRTI D%

B52.4 E%

EEROMEZZHFEH LT 2V DITEVET,
v =x0(7A4F7—RBH) KWLidz =020 —
U VER) BB 1 XM, 2 RSy, 3 R
9, 00 KT OMTRENZ DD, 745 —
ERZVWLIE~Za—) YERTY, ZhbohiE
HAT&2D1%, BED oo BIMHTE BGE
T3,

7 — ) TRENE, W ORISR DS EATEE
T¥, FEB, Xe3 [psd), Xod [pes], Xod
[p.BG] ORE%IE, T4 7 —REHPe~Isu—) VE
B TEXHA.

TEREOEMBEKD, 7—V RBERTE 3
ZXIE 30 FIETHNIC TS0 2T AR Eo THeED D
el eBDHoTDTTH, cos, sin RZNH %
ELEOEEBEO~ -1 Y ERA, X B
[p.I8], XB2 [p.M¥], KB3 [pl0 IZRLzL>S
W2, EAIEZIRT 5 X512 CnoEBusE-o
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WTW L DI, FMEXE L7
B52.5 B 77—V Ik T—>—EHEICDOL
TORER

7=V it 7 — 7 —EIIZOWT OfERRIZ
DWTC, 7— 7 —EHIIZFEZEM m], 77—V Tk
B3 ZeR (m— 1 i2oWT, TORBEIEMT
5ZEMTES, LEZOTITNESTLED
o BEED DHAIUIHZ TV Z 0T,
B52.6 @

HEWEZ AL EEBWE TS, 272, ZadIE
LW E I PICOVWTIE, FAZIZELS a0 F
A,

B52.7 B 77—V IZREvosO0—J Y EHROD
WEREZRON

~ru—Y VEME 7 — ) TEBUIEBRTH
2rBoLeoTVWELED, 7—U &I~
ra—1 Y EROWEERNRMED T & WO R
HIETEEIT D
En2.8 B

7 — ) WO, W7 — V) BT,
7220, 7V Ao EDT 17—
IEW Y EoTCLEI AL T,

Bz,

F(h):/:o f(x)exp (i2whx) dz, (3.9a)
f@= [

R (BmE) 37—V =&k, X (B9E) 135¥ 7 —
VIZEBORZDTTA, exp() ODFEMOFHH
DFFFDHRIZFTH D, ML b 7—Y T4
DRIZLE-oTLESIHEDH DT,
~rna—) VAN T — ) TEHOMEE, ©
W DI, MEWTT,
B52.9 B N IdH > X—>3>0iT54]0 LR
BDh
TAZ—REH, ~x7u—1V YERIZOWVT,
P RX—>arE N =10,20,50 2 ¥ TilE%
ITbort~ru—Y VEREDD LD,
ZONIZ, v7u—U YEHORXD n OEN
0~ 10,20,50 ETOFMTH % LWV IHI R TLWL
DTL & 9D
E52.10 @%
B [p.I¥], [p.M@]|, XIB3 [p.Ld] 2>
WTIE, LOFETHEVWDD ¥ A

F(h)exp (—i2whzx)dh. (3.9b)
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E4E

RTT, ZRTT, = RITDENEF, FHARS
B} 7—1) T

55 R E [p.o3] TIE, =XITOFMEFEERL, T FORFHEERITARLTWE, LhL, =KL,
ZRICDWKE T D F BRI S 2 I H e o THEET, REMICIE=Xoco BB o %
ZRICDHRE T RAE > TITS, 7 L CRMABED 7 — V) BB T E 3 2 e 2l § 5, HERHE
IRD 7 — V) TRBUIIEF > > I B TRl X b,

41 77—V IRBERREOELNER

7=V IBEER LY a7 - 7=V X (1768/3/21-1830/5/16) &, 7 7 > AOE¥E - W
¥HET, 77 ARmEORILE, B, B, WHReeHEE LA LT BB T, FEY,
HEMZBI Lk, BUBTEINCHED-TE Y, MA—HOANTERr 27X THE, FHRLA VI
BNV REN 2 il S LT A € — VIREIR I Emah, FRERELZD LTV 5,

7=V LEBREOMEEIT IR T NFr A H OO0 2850 G =AEKoMTtRES TR, Z
RS HTHYWHEHICZRREELZEZ TV, ZD550WL D00 FIZHEST 2 Z iz X
b, 7=V oK GRE TEE ) LEINSHEIEI LWV OBKREROBETH %,

7=V ZERAYDOIYREDBEZ—REDEREED, ZEAMBRIIERELIZATH-2EE-T
W, 72 LAY ZONFAIEE D H o T, BEREOERIIRP-272L5THb, 1965 F, 7—V—t
Pa—F—ICkbRERAINeIND TEHHER7 -V 2 OFEHET LY XaiE, SHIEFITIAL
Aushitnwd, 2720, ZhHE 19 ML Y R X D EBEREINEFEOERERE o7 nwS e
ZDHIASITEINT WS,

7=V ZHBIFEPER L7 — V) B O BRI L TE 53, ZHEBREDEYE
FRohdZihol, ZOIZ L EBUCHHTINCEEH I N TV 2 DA, AR CIEIEHERHIC X 2 M)
AEERAT-OT, ZHCOWTEIRT 5,

42 —XTORRERLE 7 ") THk&

421 —RTDEEF

JEA o OFIABEBZ RS 212H/2D, —RILOHEFRA I T —a* & a* =1/a DX I WTERT 5,
@ DF 4 XYYV ay (B & [m ] Thz, ERNEEE )3, ERMETIER , AETE, [m]
DT 4 AT ay (WD) 2Ro7A N7 —ThHd I ZmrRT,
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4.2.2 [RHR o DREARBA BT NI RM
ERIED —0c0o <z <00 D f(x) DA o DMK TSH 2 & =, XROAXDWD L RFUTR S
QRN

f@ —nga) = f(z). (4.1)

Tz 3 [m] OB ZROER, n, ZIMEEOBHMTH 2, f(r) DERIFEHRTHL LT 5,
423 [AHA a/h DR
JA¥ a/h (h FEEE) OREBIE fe), (2) EPARD K SR SN %,

fe, (x) = Fg, cos (27rhx> (4.2a)
a
= F, cos (2rha*zx), (4.2b)

where h € {1,2,3,...,00}.
C DB A2 AT 5 &

fen (x —nga)

= [, cos [2mha™ (x — nga)] (4.3a)
= F,, cos (2mha*z — 2mha*nga) (4.3b)
= F,, cos (2mha*z — 2mwhny) (4.3c)
= F,, cos (2mha*z) (4.3d)
— fun @), (43¢)

where h € {1,2,3,-- ,00}.

FoX (B3) 756, f ()&, X (@) [p.0d] OFRGZEHMT=T I TH15, KTz cos(—¢) =cos¢ (¢
FEEOHEE) TH B2, fo, (@)1, fo,(—z) = fo, (z) DBBEAKTD %,
4.2.4 [AHA a/h DIESLREAEK

A a/h (h (3EE) OIELBIRL £, (v) BT D & S ICid S s,

fs,(x) = Fs, sin <27TZ$> , (4.4a)

= F, sin (2nha*z), (4.4b)
where h € {1,2,3,...,00}.

C OB DA E AT % &
fon (& — g
= Fj, sin [2mha™ (z — nya)] (4.5a)
= Fj, sin (2rha*z — 2mha*nya) (4.5b)
= [}, sin (2mha*x — 2whny) (4.5¢)
= [}, sin (2rha*x) (4.5d)
= for (@), (4.5e)

where h € {1,2,3,--- ,00}.

X (@E3E) &b £, (2) &, X (@D) [pA] OEGEMHTZT B 0D 5, Fsin(—¢) = —sing (¢ 1&
EEDFER) TH 2729, [, (2)1F, fs, (—2)=—fs, () DHEETH %,
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425 7—1) TRLHEK
— A o TR 2 EEDOMEBEE foven () 1X, fo, (x) DRMTRD LS 1ICKRINDZ Z e pHISH
TW\W3,

feven(z FCO + ZF cos (2mha™x) . (4.6)

IhE 7=V IREFEE VDo foven(T) 1F, foven(—T) = feven(z) DHBEETD %,
426 T7—1) LIEXEEK

—C A o TIRENS 2 LR O AR foaa(z) 13X, fo, (2) DRITRD KSR I B e HHAT
Wb,

foda(x ZF sin (2rha*x) . (4.7)

ZhE 7=V IR E VDo foad(T) VX, fodd(—x) = —foaa(z) DFBEETD 5, FEIEICITIRE)
LABRWERODELRS > TERLERVDT, h=0DMHEZ%L F,,=0Td5,

427 EEOBRBOBEK L FEBADIE

EFRID —00 < 2 < 0o DIEE DB g(2) I LT geven()=[g9(x) +9(—2)]/2 & goaa(x)=[g(x) —
g(—2)]/2 HEFETEBH, 2= —10 BINHIRATEL, RORMESLNS,

9(=0) + g(xo)

geven(—ﬂfo) = 5

_ g(xo) + g(—x0)

2

= even70) (4.82)
Godd(—x0) = 9(—300)2— 9(wo)

_ 9(w0) — g(—0)

2
= —godd(T0)- (4.8b)

RN (ER3) 205 even (z) FMBEAETH D, X (ERB) 205 goqq(r) EFEETH 2005, MEE
ELEDEZ L g(x) 12220 T, (EEOMEKIE, MR TFHAKOMTREINLZZerbrd, T7
HH, EROBE g(x) ZMBRIBL geven (v) & ABIBL goaa(r) CAMETE, g(x) = geven () + goda(x) T
Hb, Lizo TR a DIEREDOBEE f(x) 1%, 7=V ZREFHE 7 — ) ZERFBHOMTRD X 5
2RI 5,

f( ):feven( )‘l’fodd( ) (49)

5104-j£:f7 cos (2rha*z) + »  Fy, sin (2wha*z) . (4.10)
h=1
toHrx—vavid, Y5, OFEFTHEL > TWED, 3,1 O®FTOMICEEMI 22,
MTED, ZOFE, cos(—2rha*x) = cos(2rha*x), sin(—2rha*z) = —sin(2rha*z) Z&ET % £
(ZT10) & Rk
—1
f(z) = %FCO—F Z F,, cos (2mha*z) Z Fy, sin (2mha*z) . (4.11)

h=—00 h=—o00
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—RIT, —KTT, ZXTTDME T, YR 7 — U 2K

7 — ) I (21m), X ([ET) OWFhoBTHRIN S,

Fc_h — FC}N
F , =—F;,.

ZoOBfRE, RO §ETR B XU §E2I0 [py] OFLRTREL KD,
4.2.8 BIEBHEADT -1 ITHREK

HOETAHA 5 —DnRHEH LR (C38) & (C36) [p2] 2L FIcEET 2,

e+it9 + efie

cosf = 5 ,
. oo _ o—if
sinf = .
21
_ie+10 4 ie—l@
N 2

X (ET38) [p.26] &3 (EI33) [p.2B] T 0 = 2rha*z £ HVWTR (@) [pa] CRAT 2 2

ROREF%.
1
f(w) - 7Fco
1 o
+ o> Z [F., exp(i2mha*z)
h=1
F,, exp(—i2mha*z)]
1 oo
5 [iFy, exp(i2mha* )
h=1

— iFy, exp(—i2rha*z)].

X (E) GHOY Y X =y aviF, Zhzh L THMbRVwDT,

fz) =

1
= 7Fco
1 &

+ -5 Z F, exp(i2rhia*r)
hi1=1

1 — : .
+ 3 Z F,, exp(—i2mhga*r)
ho=1

1 o0
Ty Z iFy, exp(i2mhia*z)
hi1=1
1 . : x
+ - Z iFy,, exp(—i2mhea™z).
ho=1

(4.12a)
(4.12b)

(4.13a)
(4.13D)

(4.13c)

ricky

(4.14)

(4.15)
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X (EIR) W&, hy =h, he = —h LEEZEITROLSCEHETE S, 20, X (D) KHEET 34
B2D 5,
f($) = FCo

1 oo
7 Z F,, exp(i2mha™x)

+— Z , exp(i2mha*z)

h=—o00

- — Z , exp(i2mha*x)

-1
1
5 Z iF, exp(i2rha*x). (4.16)
h=—oc0
TIT, Fr ZRD XS ITERT %,
1 .
F, = T(FC” —iFy, ), where — oo < h < co. (4.17)

X () #FE LT, X (EO8) 1X, RO XS IKEIHETE %,

flx) = % Z (F., —1iFs,)exp (i2mha™x)

h=0
=
+ -5 h_z_ (F., —iFs,)exp (i2mha*z) (4.18)
[e.e]
= > Fhexp(i2rha’z). (4.19)
h=—o00

429 EEREMROT— IHRKOHE
—a/2 <z < a/2 OTETKD &5 ZEHOMS B ERL, 44 5—0AR (T28) [p.o] ZRWTE
BLTHS,

a/2
/ exp (i2rha*x) dx (4.20)
r=—a/2

a/2
= / cos (2rha*x) dx
z=—a/2

a/2
+ i/ sin (2rha*x) dz. (4.21)
r=—a/2

X (E20) OF 1 HEBXUE 2 HOBMSOHTEHIX, h #0023, h[HHREIT 28 TH D, B
ERIZEETHS, h=00DL =X, BE7OFHIE T THY, BrOfHEIZa THS, (Hﬁﬂgs:z
[p.36] ZH).
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X (E21) O 1HZMD T2 &

a/2
/ cos (2rha*x) dx

=—a/2
. 1 . * _\1a/2
= o [sin (2mha a:)]_a/2 (4.22a)
_ sin(rha*a) — sin(—wha*a) (4.22D)
- 2mwha* '
sin(hm) — sin(—hm)
_ 4.22
2wha* ( )
sin(—hm + h2w) — sin(—hmn)
_ 4.22d
2wha* ( )
_ o (4.22¢)

R ([22) 7 53 (E22) DL, sin(¢) N 27 DFMBEHTH 5 2 LicESV TS, R
(E20) [p.27] D5 2 HERN T3 &

a/2
/ sin (2rha*x) dx

——a/2

_ %2&* lcos (2mha*z)]"/?,, (4.23a)
_ cos(wha*a;;hzzs(—ﬁha*a) (4.23b)
_ cos(h?r)z;h(;s(—hﬂ) (4.23c)
_ cos(—hm + ;73;2_ cos(—hm) (4.23d)
_0. (4.23e)

R (E23d) 26 R (E238) NDETEIE, cos(¢) DAY 2 DA TH 2 Z L ITESVT W3,
—77, X (E20) [p27) 2FEr T2k

a/2
/ exp (i2wha*z) dzx

=—a/2
1 ) . \a
= Torhar [exp (i2mha 33)],/[12/2 (4.24a)
1
T [exp (imha*a) — exp (—imha™*a)] (4.24b)
i2rha
1 . .
= Torhat [exp (imrh) — exp (—imh)] (4.24c¢)
exp (—imh .
= 127(rha*) [exp (i27h) — 1] (4.24d)
= 0. (4.24e)

exp(0) = 1 T exp(ig) & 27 ZJEAH & 5 2 FAHIBIE L DT exp(i2rh) = 1 T, R (E24d) [ #51 | OfE
oIk s, R () [pes] v ([E23) [pe8] &L L dud e & Ao EHE X s T,
BWEBIENC L2 () BPHHETHZ2 2 25d, A4 7—DAROBEEUEDHFETE 5,

L7ehio TRD &5 ST F, DfEEFtHETE 2,

1 a/2
F, = ? f(z)exp (—i2mha*z) dz. (4.25)
r=—a/2
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X ([@28) B D o2 ki, X ([@ET9) [ped Th =i LEWERE, X (@28) CR/AT 2 LT
RTE %, $bb

1 a/2

a

Z Fy exp [—i2n(h — B/)a*z] dz. (4.26)

/=—o00

F, =
r=—a/2
R (E20) HADOETIE N =h Dt ZLAMIREIL TIHATLES DT, Fu(= Fy) OHEZIDES Z
L2k s, A (I28) TEHEIN S F, 2HR8e 35X (B09) [p.ea) 2%, EREBERDO 7 -V fET
Hb, ¥z, TITH =—h 2EVTK (B09) p.21 X (B28) 2 FEHZ 2 L ROABBE LN,

f(z) = Z Fyrexp (—i27h/a*z), (4.27)
h!=—o0
1 a/2
where Fj = — [f(z) exp (i2wh/a*z) |da. (4.28)
a Jz=—a/2

f(x) PEBOBEBTH 2 L %, f(x)exp(—i2nh'a*z) = [f(z)exp (—i27h a*z)]" DT,

F_=F;. (4.29)

ThRDE fo) PEROL E, F, ¥ F, 3HWCEELETH 3,

4210 7=V IRZK/BLT7—") TEXEBORBOHE
R (CI7) [pld) T, h=h BEU h=—h tBVWTR () [p.oo] 2ERT 22, ROXIELN
%
1

Ph/::4§—(P}M —iFy,,), (4.30a)
where — oo < b/ < o0,
1
Fow=— (P, —iF. ), (4.30D)
1 .
:Ag(p%/+ugwy (4.30c)

where — oo < b/ < o0.

(A=304) + (E=304d) & (E=30a)— (E=30d) 2> 5

FC}L’ =Fp + F_p, (431&)
FS}L' = (—Fh/ + F_h/) /1 (431b)
= i(Fh/ — F—h’) . (431(3)

43 ZRITOREHABEE E 7 — 1) T

431 ZRFTDFEIEF
“RTOAYBRERRT 3 L X, £ 2 JOTOBMINEEER LT AUS R SR, THAINE) 35
FCHbNBHETH D, —BINCEEXOTEM TERI NS D, “XTOFHE ETHERETE 3,
fEROBE L ARk, HAWMERY MLk a, b L ERT %, a, b, BT LLER LAV, KT
TlE c IFBERND, DB, WG FEARNT M EREFRT 272D, [m] DT 4 XY a yeFFoNy
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€
X
b

€
CH./\ > X
a*

R 41 “RTEOERTHALESS L (B) L TRANS FL (), R ([@33) 10 & - Tk
(E33) &l T £ 510, WRTHRARY MABERIATNS

ML e ZRDESITERLTEL,

axb
e 2xP. (4.32)

73

MR FHANZ BV a®, bt 3AO kS eSS (D BH),

b Xxc
= 2% 4.
a a (bxc)’ (4.33a)
cxa
b = ——. 4.33b
a-(bxc) ( )

a, b, a*, b* IZIIRDBERAIEL D 32D,

a-a* =1, (4.34a)
b-b* =1, (4.34b)
a-b" =0, (4.34c¢)
b-a* =0, (4.34d)

432 ZXhREHAREEK
z-y (x, y DAHANIHT LHER LRV FH ETERS N f(r) = f(za+ yb) 23, « il y BI71H
DA a & b OEIMEKTH 2 & %, f(ra+ yb) 1, XOX %K T,

fl(x +nz)a+ (y+ny)b] = f(za+ yb). (4.35)

I Tux, y 3B DOER, ny, ny IEBOEKTHS, — XL s —ATIEK (E0) [p.ea] Tz A
] OF 4 x> a v EHObOL LTER LA, ABTIRERMTS 3 L LCibs 3, & (@)
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[p.0a] T—RITZEMTONEL za LR LT oz 2B L 2 2 LIZATRET, AFITSH 212 [m] OH
fZ2Hl-E25ddH DG 2, GARELLDILABTHRCHEREEGZ %,
BI%L exp [i27 (ha*+kb*)- (za+yb) | IQEROAD D 120,

exp {i27 [ha* + kb*]-

[(z +ng)a+ (y+ny)b] } (4.36a)
= exp {i27 [h(z + na) + k(y + ny)] } (4.36b)
= exp {i27 [hx + ky| } exp {i27 [hn, + kn,] } (4.36¢)
= exp {i27 [ha + ky] } (4.36d)
= exp {i27 [ha* + kb*] - [za + yb] }. (4.36e)

(A30a)=(2-368) 1%, B exp[i2r (ha* +kb*) -(xa+yb)] Da, bz 5 ATIAE 2 —RITH
fifide 32 RMEBTHS Z 2R LTWS, K (B36d) 2253 (E36d) ~NOEIE, exp(i2mng) 23E
BOER ng (= hng + kny) I LT exp(i2mng) =1 &4 % Z L IZESWTTHOATW S,

433 BERERERTOZRITT7—')IHE
a, b 2t 3 5 FATINAE % BAL a2 R0 B RIE, RD X5 RT7 — V) TARITER S
ns,

f(r) = f(za+yb) (4.37)

= Z Z Fhi exp [i27 (ha* + kb™) - (za + yb)] (4.38)
h=—o00 k=—00

= Z Z Fpi exp [i27 (ha + ky)] . (4.39)

h=—00 k=—00

X (E39) 1344 7 =D (C2E) pB] ZHVWT Y7 =V ZREHFK L 7 — V) T IERFRBOMTH IR X
Nz, TITTEFERLZRWV,
434 ZHR7TT—)IBBORBOHER

X (E3R), (E39) DRI Bl REITHT 2720, RO K5 BETEERT 5,

1/2 1/2
r)exp [ —i2m (h'a* + k'b*) - (za + yb) |dady
y=—1/2 7—1/2
1/2 1/2 o oo
/ / exp [—i2m (W'x + K'y)] Z Z Fp exp [i27 (hx + ky)] dzdy (4.40)
—1/2 —1/2 h=—00 k=—00
1/2 1/2
Z Z Fhy / exp{—i2n [(h' — h)z + (k' — k) y]} dzdy. (4.41)
h=—o00 k=—oc0 =—1/2Jz=-1/2

X (2D) 2 EESOHFICH 2 exp{ } DIEHIE, W = hH»D kK =k TRIWIRE L THED ORRIE
il7%%, B =h22k =k ot ZX (20) ofpoHEId 1) 127425, ((fi B §BX [p.I36]
J)o L7edioT7—V R Fry 3BROKTHEASI NS,

1/2 1/2
Fn, = / / r)exp [—i27 (hz + ky)] dzdy. (4.42)
~1/2 71/2

TROBRITD a & b 2K E 35 AMBEEIE f(r) 3RO LIRS N 2,



32 BAFE —RIT, ~KIT, =KD F, BRI 7 — V) T

R 42 ZXEOFMTHALERZ kL (B) LUK TRARS L (), & (E23) 10 & - Tk
(I2m), 3 (E0) Zi7T & 5 R THARY FASERINTOS

f(r)= Z Z Fpp exp [i2m (ha™ + kb*) - 1], (4.43)
h=—o00 k=—00
where Fjj = (r)exp [—i2m (ha® + kb™) - r] dS. (4.44)
cell

X (E22) D Fip 13X (B23) D LS5 IHFLATE 2, [, dS BO DO KT TOEAITH D,
dS FHEERTH 5,

4.4 Z=RITOFEEABEENE 7 — ) T

441 ZRTOFEERF
ERTEDHREFATONTIE, B [pM3] T L b DRFEM 2D T 2BHICER LTV, JE
WICHEERDT, ZIThildhd 3,
BTG E L AR, FARIENRY ML%E a, b, c EEHRT S, a, b, clE, BT LDHERLERL,

b xc
Fe 7 4.45
a a-(bxc)’ (4452)
cxa
e 4.45b
b a-(bxc)’ ( )
axb
e — 4.45
¢ a-(bxc) (445¢)
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a-a* =1, (4.46a)
b-b* =1, (4.46b)
c-c"=1,. (4.46¢)

a-b*=a-c" =0, (4.47a)
b-c*=b-a* =0, (4.47D)
c-a*=c-b"=0. (4.47¢)

—RTT, “RILOHE L RS, K (B45) D & 51 a*, b*, c* ZEHKT DI, (ha*+kb*+ic*)
¥ (ngatnyb4n.c) ONBEEFHE L E, bkl ¥ ng,ny,n. PWMEEOERO L E12, K

BUc2 X530 ThH5,

4.42 Z=RuOEEIEHD 7 —") THE
[ a, b, ¢ 2O =T AR f(r) (v EMENRZ bL) IEZRD & 5 REEEFD,

f(r+nza+nyb+n.c)= f(r). (4.48)

ZZT, ng, ny, n, IEBOBKTH 2, —KoL, “KLDBE L FARELEH h=ha*+ kb*+ic* (h, k,
DIEEED) 1T L Texp (i27h - r) IZXITRT XS I a, b, ¢ Z2FOZ e BHRETE 2,

exp [i27h - (r + nza + nyb + n.c)]
=exp (i2rh - r)
x exp [i27 (hng + kny + In,)] (4.49)
=exp(i2rh-r). (4.50)

=D JEIBEEL f(r) 1%, 7—V BB TE, RO LH 1IN 5,

— Z Z Z Fpipexp [i27 (hx + ky + 12)]. (4.51)

h=—00 k=—o00 l=—00

443 ZRTT—VIHFBOBRE
2 RICDGE LRRRIZ, Fuy ZetBE 27200 L5 R 2ERT %,

1/2 1/2 1/2
r) exp(—i27h’ - r)
——1/2 Jy=—1/2 7—1/2
1/2 1/2 1/2
/ / / Z Z Z Frriexp[i2m (b’ —h) - 1] }d:pdydz. (4.52)
12 Jy=—1/2Ja=—1/2 —

Lo (B352) A3 W £ h ot 2DAIIRENT 270, BOoOELIERIZRS, h' =h Ot XX
Fu k3, ((F5x B §B2 [p.38] B, L7zd->T, 7—V ZEDBEE Flp ERD L5152 S
N3,
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4.3 (a) b DB, X (E10) [p.25] Too RO YIZ, (b)N/2 =0, (c)N/2 =1, (d)N/2 = 2,

(e)N/2 =5, (f)N/2 =10, (g)N/2 =20, (h)N/2 =100 OFRLEHETH > X —> a »&2TH
B o 7o/ X 3 At EAE

1/2 1/2 1/2
Frr = / / / f(r)exp [—i27 (hz + ky + 2)] dedyd=.
z=—1/2 Jy=—1/2 Jx

(4.53)
=—1/2

—XJC, 2 KIEDHZEBEREED, 7V e 52 2 ZOFEERDZ KTl exp[] D
HEDFTEDRHTH %,

4.5

—R7 — ) TRBEFAOBIETRIC & SR

AETIEIAZ T, 7—V OB EBUETEIC L > TRD, ZDOIEL X &~ 24 2
Zricd A,

451 —RTT—V)IHEBOBRHDOHE

H 5w 2 FEHAED X (M) [p.eH] 720 L (B00) [plE] o XSRS e REL 2L =12,
7 — ) TREHREE & CIERAEE, X (E530) [p.ey) icEoSWTE R S,

RBIERTIX 7 — UV TREEFEE ERRBD 5 X4 L7 M2 s O ERES, 21 [p.2y)
WKBWTAA 7 —DnREHWT, HEBFRD 7 — ) ifzEH Uz, BEBFRO 7 -V oK
F 77—V IREB X CEZEBED SBRPERTHZ 2205, BMATZD XS RFIEEEATL,

X (23) [p8) ZFFRMEL, 20K (B30) [pa 12k b, 77—V ZREB X CIEEREB DRI
PEHE L 7.
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M44 (a) b OB, R (EI0) [p.25] T oo DRDDIZ, (B)N/2 =0, (c)N/2 =1, (d)N/2 =2,
(e)N/2 =5, (f)N/2 =10, (g)N/2 =50, (h)N/2 = 200 DEREHETH > A — 2 ¥ %2475
Y)o 7= X 2EHEME

452 —R7—1)IHBOESG
521 FlZo 1

K I3 T, () D&S7% DEY%R) BEREERL Q07— ) TRBOGREEE, 7T590 ER
N/2 ZRELF 21200, IREDEAMH 72D, (a) DIBIRITGEDWTW L 22 25bh %,
(b)N =0 0%5E, (1/2)F,, KIDEBITZD, TR 2880 FETH 5, (1/2)F,,
DEDZ L ZERKITE WD 20D 5,

()N =1 DHE, HM 5 DR L EROBBOAIC L 25HEICR 2, KED (A)N/2=2, (e)N/2 =
5, (f)N/2 =10, (g)N/2 =20, (h)N/2 =100 & FROIEEKE L LTWZoh, BHOMES,
(a)[f(x)] WDV TW L,

(d), (c) DRBD T ¥ 2 Zh e, 2 [EEH, 5 EEHEETYE 5727 — ) ZHHE VS, [
Bz (), (g), ()13, 10, 20, 100 fS&EMECHE LAY — Y THMTH 2.

RKERMEOSAKEETOMELZZ kD, 77—V ZBEE, X DITOBE f(x) ITLDWTHW L
by b, WHEHOMEBME f(z) Z XD IEMICKDZ 2 THZ 20V DT, KELH
DEFER T ETHMTEZ e DPEE LV, 7— VIR E,,, F,, 223X KERMED h £ TH
T2 eHELRS,
a522 FlED?2

M Ea Tix, (a) DS REKEERL QD7 — V) THREOFRBMENE, THUDRE N/2 2K
LT3 oh, REOEASMANL KD, (a) IGESVWTOL 2 b3, (b) FERKITH %,
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0.15

@  f@

0.05

-15 -10 -5 0 5 10 15

0.15 T T
(c) Ni2=50

01l R 1 01 /\/\
005 1 1 1 1 1 i 005F 1 1 1
0

015
Test_FMax_020.dat using 1:4 —— “Test_FMax_050.dat using 1:4 ——

(b)  NR=20

-15 -10 5 0 5 10 15 15 -10 S 5 10 15

0.15

T T 0.15
‘Test_FMax_100.dat' using 1:4 ——

(d) N/2: 1 00 (e) N/2:200 'Test_FMax_200.dat’ using 1:4 ——
A ) )
0.05 - 2 N i G N 4 005} = . % R .
-15 -10 5 0 5 10 15 -15 -10 S 0 5 10 15
f(m) = feven(m) + fodd(m) (4.9)
1 NI2 N2 ,
= TFC" + ’; F,, cos (2mha*x) + ; F;, sin(2rha*z). (4.10)

MA45 (a) LB, R (EI0) [p2E T oo Dftb DIZ, (b)N/2 = 20, (c)N/2 = 50, (d)N/2 =
100, (d)N/2 =200 OHEMRAREFITY > X — a > 2475 U)o %I X 2 30

0.025
oty —
ﬂ’olarlzatlon 10 mm i Super Borrmann
o020n Polarization

0.015F (@) \‘ 624

FFR(1
P

Transmitted X-ray intensity

= F;R(Z)
628
[E(a)] [S(a)]
(a) (b)

4.6 18.245keV O X &MV (a) FEBry (b) FHHEIC X 2 EERG L FHHICX S (c) WZERIB
(7 =V = &HYg)

(c) & (d) KIKZL AL EDRD LNRVD, ZDZ 2idZ OBEDER, 2 EEREEIZLAYEAT
WipofeZ 8 2R L TWa, BB HENIT) fFodDEh, ZHEPRDELVWIS —XTH 5,
() DT —RDVTIERELERS>TWVWED, ZDILhHDBBICIE 35, 415, 5 EEFEEIHT
BRZEEATWEZErbrs, 7— ) TREORBZRD 2 Z I3 TREBEWN ) %
fToTWVW2B Z 2IZIEDR B,

a2 [p.B3] T, ME3 [pBa] DFr—2 &b, b OBEBUTIRL T D23,
a523 iR

X B3 [p.Ea], X e3a [p.B3) LSk b B e RT3 L, THUh LREE BF31coh, 20
EIAREDE DN TIT L T e HIRERR T & 72,
453 —RX7—V)IEBOHES (AEZ 5 ERS LEESR)

4 B3 [p.Ba] WA 5 oA TH D, ZATHLTT7—V DR Z 100 R TtHET 5 &
(272D + 0% KEE ) TROMBMEHBETE2 b otk, —H7—VI&HLIX, 7V
DEIHZ BB SRR L2 d D72 INT W5, 25728 32 L tOBEBD 1 EHD 720 OB
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(a) f(x) (b) N=100 (c) N=200

(d) N=500 (e) N=1000 (f) N=2000

f(x) = flza+yb)

N/2 N/2

Z Z {Fhk exp [i2m (ha + ky)] } (4.39)

h=—N/2 k=—N/2

4.7 (a) DD 2 KITEIEKL (2048 x 2048 ¥ 7 £ )L) @ 7 — V) IR 2 AR 2 i (—N/2 ~
N/2) TEtE 2T b Yo M X 25 EME. N OESKEL BB ICONTHREBENEL 2D,
(f)[N = 2000] TiZ, (a) LIt A LREHHHEPROREAELATVS

235 M OMEBICH o 7o DS, 77—V ZREUE 7 — ) 2 EHUSEO L K5 TRHT 51

M IR (a) DX SRR ZFo TATT7— Y Tzt E L TR0, KES (b), (c¢), (d),
(e) TH2, MEGIEDFIHYI Y EBRME N/2 1%, (b)N/2 = 20, (¢)N/2 = 50, (d)N/2 = 100,
(e)N/2 =200 TH %, N =100 DX B2 (e) [p.BH] ¥ K EF (d) ZLET 2 &, BEIFNEICRS
N WD RIREID B SN, TTOBKE O—BRIIEH > TEL Lo T3,

BRI DEDS —4 ~ 1 K BVOREBICH 2D 7 — ) 2 ZBORERZEDH L5 & L TEHRBE 5 512
JRF =D TH 20, BEIREINDG LA, HIHELIR>TLE o7,

ROHEBE [p.d T X # CT OFHEICOWTIIRT 223, HEROWHEEZBELSHRT2H

FICRER2XILT L — L OFIHERD D 2 L IRE L TREDOR LZXA 5 23 280%, £
CHEEEKTH 2 Z e 00 5%,

46 2RT7—") TRBBRAORIESFIC & SREE

4.6.1 2XT7—") TRBOFRE (YZEMER) OFHE

M IR (a) (X, 18.245kV D X #fZ MW7z (a) EERE (b) FHREIC X 2522 /MKr e, FHEICL S (c) #
ZEfg (7 — ) 2 EHYS) TH B, KED (a) & (b) O—FKE, HEitEOKEOEIZRLTWVWS, E
ZEEBIE, A X=Y 7T — MR SN X BRETRERY, $Z2EGIE, SRRtz
Z O EHTIRERIIRIC TR 5,



38 BAFE —RIT, ~KIT, =KD F, BRI 7 — V) T

462 T7—1) IHEDLERORE & BRIEE

X B2 (a) [pBd Xt D 2 XRICEAE (2048 x 2048 ¥ 7 kL) o7 — V) TR EER %

N2 e SN gy THBY S BB OREHETD 5, N Offii, (b) N =100, (c) N = 200,
(d) N =500, (e) N =1000, (e) N =2000, N OMEIK %= 722120 ItOBEIED 2%, E
DFTHYID HFAL N X W FREPSER DT, —RILDHE L FARIER T BICR>TLE S D%
7%, KB (f) N = 2000 [p&a] OBFEE, K2 (a) [p&a OTTD 2 KT f(x,y) LIZL ALK
DB N DDOHBEHNT NS

LI%@@tm,?tb%7—9i%ﬁ@:kf%%ﬁ,Em%té&<ﬁﬂmﬁk§m@®mki
TRD B ZEBENMRRED TEG) 2RDDB LIRS, MEmEERT OGS, = RTOMZEH
BrEIEBODO h, k, | ETRDZ LD, &7 %@ﬁ%%r»@%%koaﬁéo%hu,ﬂmz
[p.B3] & B3 [pBI] KBV TEDERD N IZOWTHREE L 22 2ick b, K B3 [pha), X o3 [pB3|
Kf?iﬁm,—mﬁmﬁﬁm%ﬁyv—fmﬁzf<5@&ﬂb@mm;5o

— V) THREUERIE, 2 KL% ZERERER Y h &k CHfRT 2 22 TH B, MK E R
%%H&ﬂmmmM@ﬁ( MRAE) ZH->TWB Z 20D 5,

X B2 (f) [p.BZ] [N = 2000] OE & B L CwiZef o mifEiE, X 2 (e) [p.87] [N = 1000] T
1/4, M7 (d) [p.Ba] [N = 500] T 1/16, K E7 (c) [pBa [N = 200] Ti& 1/100 LA/, HoE
SR ICEEIR L& D1, BHBEL /AR 7 8I1I2&->Th, REIELRONE DD T2k ) DIk
B PEETEZDIEXI S Vo HEICL 5,
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47 BRrEZF

471 — ) IZHGriT
BE71.1 8 7V IZBRGEHPRZI B IT
FMEZEBOBIZRZ WD, 77— T8GR

bRZ%51 £BoLeoTWVELLED,
R, FEEMBRE OKE X FFEETERVE
WHZETTh, 7—VIEWYRIIED X 5K
DTL & D D%
712 [B&F

7 — V) TEBBOEEE DG L ITE VL, —XK
T Tz H OEAID [mT] v S AR 2RI
ERINTART, RPBRPIICHBEST L
TEZEAD, THEHFET 2 L YEEOHFH
EboTZFET, 7=V IHBObobI VT
WIRTGIEFIE T, I X5 wcidiba g
T, BEBIIEYE, WHFOMEZ >~ TG
W3 27-DDEETT,

77—z

0o 0o 0o
= > 2 2
h=—oc0c k=—00l=—c0

x exp [i27 (ha + ky + lz)] (4.54)

where Fhkl / / /2

X exp [—i27 (hx + ky + lz dxdydz
(4.55)

p(r) XETHEE, MEXZ Mlridr=oxa+
yb +2¢c TY, x, y, 2 XEHEMNDOFEE, a, b, ¢
BEARUHERY SV TF, Fy O Z & TR
BREF e VWWE T, X fiSEmERET I3 AR %
HPADOEEE h, k, LITH LT Frpy &2, BB o

WKE>T |Fau|? = wm&%xﬁmﬁﬁpmﬁ%
ATk, HRZHEFHD h, k, [ IZHLTET
& p(r) ZEtHEL 7,

JRFRDI  IEBEFHENE K Z DGR T
BHdZermLET, BOWILERLIITEES
WKHHILZ-Z S DEF (GVWETFEE) 26LT
WBDTHImZMRT 20T DL £3,

ZDXIRLT7=VZEHG (77 v 7K
HHRE]/2) 272 SAKEDT7 — U T

T52ET, MBOUARHMENAZX T 20T
To V4 U7 -0—LYR-TT7v 7, X
RAG SO Z e 2 TH L WEMEE (new
microscope)] & KU E L7z,

7 — ) NI T — U IO JE B % SRR
KIZUZMRT 3, 7272 UEBIIIERR
PO TIEBIL £5,

e o =S b DERREM [-1/2 < = < 1/2,
—1/2<y<1/2, 2,y l3E ] CERINNE
N7 Mlr (r=za+yb) @ 2 XITDEIE f(r)
—00 < k < oo DFEHh, k
EFHOTRDELSITREINET,

X, —o00o < h < o0,

o0

f(r)= Z Z Fp exp [i27 (ha*za + kb"yb)]

h=—0c0 k=—00

= Y > Furexplizn (ha + ky))

h=—00 k=—00

(4.56)
1/2 1/2

where Fjy) = /
=—1/2 7—1/2

x exp [—i27 (hx + ky)] dady. (4.57)

Frp W& h ¥ k oBgc3s, X (Em) 2HWT
FTRETRDZZENTEES, 2Dy, DI
L% f(r) D h-k ZEZHETO 7 — 1) ZZHYF 2 v
£9,
X#CTOFMEFER LT 7Y a—<y
3B ETHOMRFETD DD F Lz, EA
Wit bLdda, b, ¢, HIEFXZ bl h B3,
(= ha* + kb* +1c*), HFMER T Fpy O &
%, BFEEREN (32) tRkOoNF T, Kb
Y OHEEMET ETFHEEL a-b M (z-y M) 125
MLt EOBETEEy TEHETZIEES
FTHUROWD ] WS DB D FF, EfE T
(BER2) TI=0REELLLEZDH I A= a
ZEME TV T, a-b H (z-y H) 1255
THEWVWS ZLiE, 2 AANOBESZEKRL 5
Dz FIANCHREN S 2 o7, 37805 1 # 0 DHIZ
57 %ﬁiptkibﬁﬁbfﬁxfbi9#6
T3, ZOFEMZIGH LA X # CT T,
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— T, I, SIICOMHE T, FHIBS Y 7 — U T

472 7—)IHFBUDOVT
E731 &M F., £ f., DBERICOVT

F., (cn BIRZF) 1 fo, (cp BIRAT) DL
BHE WS Z 8 TL & 5%

BE722 @ %

MEAABEL v 05 DI, B LB WS &
7R DT, BTVETH, HANITENE T,
7272 To—V o WO BENRDD, Hih
LERIHNTVE e EVThZwDTd, K
(ERUH) 23Z 5 T3 IWAF cp D ¢l Teos D ¢
T h 3B TS,

AETHARLEZE S, H5W23EMHREEX
77—V IRBUCEMTE 2 2RI NTE
D, BRI [f(—2) = f(x) THBE] X, B
% F, 357V TRERBTRZN, How
B [f(—x) = —f(x) THHBE] 37—V
TIERHTRINE Z e AL TVET,

»H oW 5 BEBUI BB L TR OMTRI N F
To A4 7—DRKDHIREL 2RI FDE D
T,

0, —if
cosf = %, (4.58a)
it _ =it
ing=———-— 4.58b
sin 5 ( )

COREBMFES RO XS RIEEICT VT
RANPEHINET,

flz) = i F}, exp (i2wha™z) ,

h=—o00

(4.59a)
where
1 a/2
Fy, = / f(x) exp(—irha™z)dx.
a J_q/2
(4.59b)

B723 B BOEEL - - ~ - THIEH
RERSHIAD — 5 ~ 5 ROTIT D
B4 B
K (@) [p.ed), R (E25) [p.28] %L FICHEE
LET,

flx) = Z Fyexp (—i2wh'a*z) ,
h!=—o0

(4.60a)

1 a/2
where Fj, = / [f(z)
a z=—a/2

x exp (i27h'a*z) |dz.
(4.60b)

CHHD0ATE, 23 [m] DT 4 XY arvz
FroTxh, X (IB0H) OREDIEdr b [m] D
TARYTavEFFoTwET, BRAIK, R
(EE0H) OEDHIHZ 0 <z < a &3 5LHhd
HHIFZOTTH, RETE, BEE» 77—V
RIGHET, FEEBD 7 — ) T IERBBR SN
2LWVI M TRA L TWa e, E#HipHE
5 <z <5 rLELL, ROBIETHRDH
z0<z<1t¥d, —5- << 4 LT
WHRHHBELTT,

R (BEB0) C o' ZEENTHSE L, zm] DR
DYIZ2alm] £ F2ABBAAETT, ZDHE,
R (EED) ERO XS cEEMmz ohET,

fzh) = Z Fyexp (—i2nh'a*z'a) ,

h!/=—o00

1/2
where Fj, = /
x'==1/2

(4.61a)

[£(a")

x exp (i2rh'a*z'a) |da’.
(4.61b)

EHllan* =1%2FEBLTEZHZILL

f(2') = Z Fyrexp (—i2nh/2') ,
h/=—oc0

(4.62a)

1/2
where Fj, = / [f(z")
z'=—1/2

x exp (i2rh'z’) |da’.
(4.62b)
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A (BB08) A LDOHEDDRICH 5 —— DEHMBK
(IBIH), (AG620) “C“bi?ﬁi(?iﬁofb\i?

A (EB0B) TH Z¥me Lt &, MHOM
2 alm]x f(z) 7D £34, KX (E6IH), (E620)
TN 2¥BRE L 2O OMED 1x f(z)
LD, L OEPRLREDTT, f(x), f(a)
DHALY F OHANIHT—BL TORIFIUIR
hEEA

2RILD 7 — ATz, y 2w o BEAD
HELTED,a, biZ[m|OTF 4 XY aryik
BTV, dbAAHAKNMERY b2 HE
2L Te, yiZ[m| DT 4 AT ayifiktd
THRLEESIE LN E T, X (@Z) pa7 %
IRicHEEsL£7,

1/2 1/2
Fpp =

=—1/2 7—1/2

—i27 (hx + ky)] dady

(4.63a)
1/2
:/ exp —i27ky)
y=

1/2
X / [Fhi exp (—i27ha) | daz}dy.
r=-—1/2
(4.63b)

X exp [

E72.5 B IkE 9 3IEN G KRB IOV T

RENT 2 BEHZTLES DTT D,

z HCIREI T 2 I3 C L > TIHATL
5, eHHFELED, BERINCED X S gk
MTEZDTL x5
L7726 B

X (=28) & X (2=28) [p.
9,

g 2L MICHEB L

1 a/2
Fp=—
a Jr=—a/2

f(x)exp (—i2mha*x) dz.

(4.64)

x exp [—i27(h — h)a*x]dz.  (4.65)

3 (@B3) 1t (E5) ZHMET 3 o cidEh

TVWE T, THDHHRICHR > TWVWB DX, RDOK
TREINE 77—V T T,
fl@)= > Fuexp(i2nh'a*z).  (4.66)
h!=—o0
R (EB0) #X (EB2) 1ITRA L0, K (E53)

T3, W'=h-heBEVT-1/2<2<1/2D
HPATHEDT 2 RD XD X9,

a/2
/ Fp,exp (i2rh" a*x) da (4.67)
r=—a/2

a/2
= / Fy, cos (2rh" a*z) dx
r=—a/2

+i/a/2 Fp, sin (2nh" a*z) dx.
e (4.68)
Lo (EBR) ofI A A0 DL T BITK
3L, R (), (220) [p.ed) 2
IR ZD L UEETY, X (22) pkR] B
FOR (@23), (E3) [p.bR] OB ESIE LT
72EW, EE (EBR) OFSIE L £ W DL X
WX aiZizh, h=n ot Z220 F,(= Fy)
HhoT TEERS ) OTT, 206
(E5d) DR T, F(= Fy) OEZFHETE 32
IZRDET,
BE72.7 B exp( ) DFEDFFICDLT
ZAT74RITRELLOREERBHIZIVT
L& 2%
728 @&
FRELELTHMDIRNDTT,
X (B351) [p.B3] &K (E3H3) [pBa] 32 20K
TY Yty T, hboidHod Tk L E T,

oo ) )
=2 > > Fw
h=—o00 k=—0o0 l=—0

x exp [i27 (hz + ky + 12)],

where

(4.69a)

1/2 1/2 1/2
Fhii =/ / / f(r)
z=—1/2Jy=-1/2 Jx=-1/2

x exp [—i27 (hx + ky + 12)] dedydz.
(4.69D)
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—XJT, —KTL,

=TT T, YIRS 7 — V) oK

R (5m) [p.m] ¥ 5 (I6E) [p.o] T, A =
—h K =—k ' =—1 @& &, R (E59E) [p.a]
¢ R (EB90) [p.a1] O exp| ] OHHDFF=
HVTNHPIEL 5, R (E0YE) [pad] 37—
Y oo, X (EEIR) X [paa] 77—V ok
BofBrRITd, 7—V i oR e 20
RO TiZ exp ] OFHDOFFZRFETRITN
372D 8 A

A729 BR FERFARY FILORAIRAICDOWVWT

a* ZAHILT 2 Z L IERAJRETL & 952 #
FRNIRD T2 DL LRIV LVWTT L1,
E72.10 IEI’K

2 KICD , b* I[Z2WTIEX BT [p.BO]

,:mn@%n@a,bt c* IZOWVWTIERF
AERITH LER7Z2 VWO T2, KE2 [pB2] 25
BLTLEEW, a, bt a*, b* OAEZRERZ, a,
b, c & a*, b*, ¢* OMAEREFRIXX €1 [p.BO],
X B2 [p.B2] DD TRVDTITA, FKZEMDE
AAHENR 7 PIUET 4 XY a vH [m], W22H
DHWIEFEARRT P ADT 4 XYY a¥d [m 1
LR ESTED, FEEMEHZERTORY ML
DRI TERNWI LICHFERELTLEX W,

ARSI RIT o 725 ¥ D= RITD S T A5
h = ha* 4+ kb* + Ic* &, WZRMNTERLITA
TVWET, TSFFIRVDOTTA, WL 2
T=REDY T MV TTEDOMFERSL L
MTEET, 2D bafigsr Bl L X 5 & An
ESr
E72.11 B BZERICDOWVWT

WZEE B HEANCHRTE ERA, 7V X
POEBREERTBo Lo TWLEEASDTT
B, EECHEEDLHZDTITH?
£72.12 E&

WZEE TRARR 72220 T A3, 2 ZICE%
WHdEEZTHOERA, ELELEZa Y
Va—&—0HITHEEL, EWrH212E, V7
FY 2T OMTERELY LET, FIZIETY AR

MLUZEBRIZSD A— FOHFITFELET
M, VI N7 BRITIUIAZ I3 TEEE
Ao TNEFLZETTY,

X MG RSN 2 RONAT 27277 v IR F

, BT ZHFE L~ —F Y- 5418, X
r’ﬁz'? CT(Computer Tomography) ZF¥L7=7 7
Vea—<vY, Ty RTV— - NTVXT 4 —
VRS, ERNRN D BF TR O BT
WAL, AV a—R—2flio TEBEANELEHT
52BN NT=BTT, 75 v 7RFDE
RiClE, avEa—X—3FEXHFELERATL
oo FRIET7 -V ZPBEARLZZDTT, H
O THEE) Zadid s dll, ZOFMOH
M2 HTECTIL W E B o TVE T,
E7213 B NFLILE—L, JOXZ—LIZD
WwT

RIVLAR—L, Z7OAX—LE EXHKIZR
ATT
7214 [

IV DRGSR ZFAR L 725 B & [p.a3]
R (BIO) [p.uo] O#fitgF M T L FER FITHE
%%/ % X (BD) [p.oE] tKAT 3L

(nga+nyb+n.c) - (K1 —Kj)

= (nya+nyb +n.c)
- (ha* + kb* + Ic*) (4.70a)
= no. (4.70D)
Lo (Cm) pEHENET, FrAX—L4 (K

72I8) 1X, nga-kb*, nga-lc* R T, R (703)
TLoEE TOHONEEZ 5 &, T3 &#H
J DEIBPIEEZT 272D L5 IKiFh
TWET, NEIZE DR (§612.2 [pbd) &
M), B DILDODTEA, 7uRXX =¥
b XSz a*, b, c* EEELTEBD, 7287
LR —Ahida-a*=1,b-b*=1,c-c*=112
25 EDICERLTWVWSHDT, (EmaE)=(E705)
DB DE, T b OGS HEEIE
WAL TEX 2D T,

¥ 7oK (£364) = (E366) [p.BI] &, X (E2368)
[p-BI] 2% nza + nyb (ng, n, FEEDOEL) O
W U CEDPZED SRV 26, 7 (230
[p.BI] 235, a, b, c ZAL § 2 AWK TH 2
ZEERLTOVET, 2XTOEHEBAEBETT,
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E72.15 8 7= TREBBOEBRICOVT

X (E8) [poa] IRE LR WIE L F, 27 TTL
ZDIFRETL I ? ERLERIL L R THAK
DILD KD BB L7z DTIH
E72.16 E%

cos (i2rha*x) & sin (i2wha*z) OREET, h =
0DE ZDfHEIX cos(0) =1, sin(0) =0 TT,
cos (0) IWEBZ»T 5 ZDEBDOBETL 72D
F 32, sin (0) WEHZ2 T THERIZLY2ZRD
FHA, EBOHEN 7 — V) ZREFBOHTICDH 2 D
BEZDDHTY,
BE72.17 B8R Iy, & F_;, DEMRICDOWT

7283 (23) [pey] 2263 (E=9) [p.2d] 2 &
FHINZ2DOTL xH2? % 5 —EFHHZ BEV
L72\WT3,
A72.18 E%&

I (EZ3) pER] ZUAMICHBL X9,

a/2
Fy, = S f(x)exp (—i2mha*x) dz.
a z=—a/2
(4.71)
XoAFHX (EZ) o h &2 —h KB IR

VC“_;—O

1
F_,= / f(x)exp (i2wha™z) dx.
a Jy=—qa/2
(4.72)

L 3EHTHD, flr) bFLEMTHLEL
T#Em L TVWET, X (o) X (I-@) T
exp () DHEDOFFEPHHLL TV BT,
XD [p] &= (I2) [po] 2B LEHS,
47 —DRAZF VLT ZZ W, exp(+ih)
¢ exp(—if) & 0 ﬁfg/uﬁ{l_f“@of?b W2
BEHKTT, bbb -4 <z<-L D
COETH-TH, X () tt( )oﬁ* )
DOHEIIRA 0 OS5 250HE U /- E R D BEfR
WZHY, HvRFH (EREFE) ETEREE
HLE LCERMMTY, 2ho X BoED %

T2 WCHEBEROBRICH D,
F_, =Fy. (4.73)

Lo (B273) DBFRAK D LODTT,

T7219 & 7—
HOFFICOVWT

HEPICHEBESLEBo Lo TWEDT, EH
T2OBBITHALVOTTA, X (210) [p.23]
¥ (B [pEE ¥ ZATh % —co~ —11C
LBERETAFABOLDTL EID?
7220 [E%

K (EI0) 2 FICEBLE T,

) TREBE C EZLRBOHF

1 o0
f(z) = 7F00 + Z F,, cos (2mha*x)
h=1

+ ZF sin (2mha*x) . (4.74)

73 () 2 FICEIBLE T,

1

5 —Fe, + Z F,, cos (2mha™x)

h=—00

+ Z F, sin (2rha™*x) .
h=—o00
N (@) X (EE) 3R TRIFAERD
FHA, X (@A) OF Y A—>aYTh=10D
HETZE2ERD XTI %5,

(4.75)

F,, cos (2ma*x) + F, sin (2ma*z)  (4.76)

—%, R (E@E) O A—>a>Th=-10D
HEZ TR BERD XS 3,

F. , cos(—2ma*x) + Fs_, sin (—2ma*z)
(4.77)

R (Cm) X () O 1HY S L d %
L cos( ) BHHDFENEZD > THHEIED L
BNDT, Fo, =F. , TY, —J7, H2HLD
LZzHigs 2 & sin( ) 3B ofF5310b % LfH
DR ENHNCIR B DT, Fs, = —F, o LD
&, ®TDF,, t Fy, (w00 <h <) iZ2WT
B DALDODT

=F,,, (4.78a)
(4.78b)
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—XJT, —KTL,

=TT T, YIRS 7 — V) oK

BE7221 B =R 7= IHFBUCDOWVWT
SEZRTCICHER L7=2H L DFFICE2L DV TW»
TERATL, OB RTHLIRAZWVWD

TI2, dLELA LTI REIOFTETD 5> —F
HLLHHALTWEEEWT T,
E72.22 BE%

—XIED 7 — V) TRENCONWTIEA Y X —F

FEZHLSABHLIBRINTVET, 20D
FEAEDHDZNVIEETH, 7—V ZRUREE IE
RBEEN LD, HERERDO 7 -V ik
BEEHLTOET, 2 %00, = RITADHLRE
75, BEEIEAP DT LB EREL,

— U TRIEREE IELRE D HFEIRIIE 7R < 72
DET, —RLO 77—V ZHFBOKRRT T—X0T
W) RERLT, 2k 200, =LAk
JEBRS 2 Fir E CHAZED T,

X fpfE SRR, X AR CT, BT HET (B
O&EME) ke, 7—V T, 7-—V Ly
EBIISHE TV 2Bl DFfEZ RD 2036,
EEEDTOELVEES>TVET,

B D 7 — ) 2o Z AT, [EH a,
b, ¢ ZFRO=TTD AR f (r) (r IZALEN
M) ERDOES BEE R o TwET, K
(E2R) [p.B3] %2, LNICHEL 7,

f(r+nza+n,b+n.c)= f(r). (4.79)

ZIT, ng, ny, n, MEBROEKTY, K (22M)
3 f(r) w5 BRI, BRI D & 5 A
W2 b a, b, ¢ &HAM L 3 2 M HENFR
HEFH->TVD, LW EFOEFETT,

f(r) 25 BEUE v + nga+ nyb + nye (ng,
Ny, N, MEEOEE) CRILHEZF>TW\Wd, &
WH ZeEFIEABLTVWEDAT, A6 DEMS
FEHIZF > TEE L TWE DI TIRRND T,

COhrFEmLEIOIELTWR I LI, BZS
 Z B, a/h, b/k, ¢/l (h, k, 1 13E8) ©
JEZ S OB BOMTREINDIZAI 0D, 20D
EffrLTEEELEI, EWVWHIETT,
BE72.23 B foad(z)s feven(z) EIF

Jodd(x), feven(x) ZMDEZIEL TNEZDT
Lxon?

E72.24 EI%

even number & & MEHU odd number & 13 &
B WO EKTT, even function ¥ 1% T{#HE
# odd function &1 T&arREEL & WS EK T,

§0270 [p.2H] BEHOGARZL NICHBL 7,
EEBED —0 < z < co DIEE DK
g(x) XL T geyen(z)=[g(z) + g(—2)]/2 &
Jodd(2)=[g(z) — g(—2)|/2 BEIETE LD, v =
— 20 EZINBITRATZ L, ROADBELNE
=R
geven(_rIO) — g(—$0)2+ g(.%'o)
_ g(xo) + g(—0)
2
= Geven(Z0), (4.80a)
Jodd(—x0) = g(—xo)z— 9(xo)
_ 9(z0) — g(=o)
2
= —godd(xo). (480b)

R ([ERME) 725 geven(z) FEEKTH D, X
(EROB) 7> 5 goqa(w) ZFEBTH 2 Z 2259 H
DEd, MELRELADED L g(x) ITRZDT,
RO, MK Ao TtREINS
ZeAbrbET, Thbb, FEOMIK g(z)
EABBEEL goven () & AR goaa(z) WCHFRT X,
9(%) = Geven(T) + goaa(x) TH 2, L7zpioTH
o OEEOBE f(x) 1%, 7—V RGNS
7 — ) TIEREE ORI TRD X S iIcRINE T,

f( ):feven( )+fodd( )

FCO + ZF cos (2mha™x)

(4.81)

+ Z F, sin (2mha™x) .
h=1

(4.82)

FovrRX—vaviz, 30, OHFETHE L 5
TWETH, S0 OHFTOMICE 2R
5IENTEET, ZORE,

cos(2mha*x),

cos(—2mha*z) =

sin(—2mha*x) = —sin(2rha*z)
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ZERT 5 X (BX2) LRI T3, 2ZTa*=1/aTF, D%
ap > %
f(z) = Fco + Z F,, cos (2mha*x) fla) = b} + ZCOS (2mha”x)
h=—o00 h=1
1 oo ) i}
+ Z F;, sin (2rha*x) . (4.83) + h; sin (2mha”z) . (4.85)

h=—oc0

— ) Zid A (1x52), K (ER3) OVWThoiE
T*%i%éhi*ﬁb),

F. , =F,, (4.84a)
F, ,=—F (4.84D)

h Sh*

Z OBfRIE, §EZR [p.
DFLIITHEET Lz,
a72.25 B exp DAV HEEEOICHZDD

AF74 FD 16 R=TRDTIT D sin & cos DIFH
DFLTOWRREDIETD>7=DTITD, exp Mk
BD 21THIDIRHD FH A, exp(i2rh) —1 =0
exp (i2th) — 1 = 0 TRIINEFZEDL VDT
2th =0 L2®HH ZR2VDTETHRhA07ZDT
TIEF->oTLEVE T,
E72.26 [B&F
Gam o HELS L b BEER @ﬂﬁf
exp (127Th) =174%DTY, exp(ip) D )
DIED, CALAKREZLZED, N < 72%)753
T, AV RAVH (EELVFE) O Lz 2r AT
bbb, 360° FATS 5 5ME2DTT, KD

ph] 5 & 0§50 [p.2y)]

T, exp (i) DIFfA ¢ 75, ---, —1080°, —720°,
—360°, 0°, 360°, 720°, 1080°, ---,

REZ7 A0 —F 272 TRL, KT [pOo o
FHFHOKZ B WH LT, exp (i) 25, ¢ Off

DEIZ LT3 5T 2 222 8R LT
ATLIZEN,
a72.27 B 7—) TR I3fEH

fifR 77—V TR 3B L b FEA
Tl SEN, SN () rokskhirs
LTWBDTL &9 D%
a72.28 [E%

—XIC TS % L JEH a D42 ToFHIBEE
JEER a/h DRILBIEL F., cos (2mha*x) & IETXEE
B Fy, sin(2mha*z) OMTRINZ L WVWS T

7=V THEDNZNOMERIEHIZTE Lo
72&DTT, 7272, ZhzidTikimd 5 & A
BB ORRIZIER IClfIc kD £3, ZhrkES
(), SRACHETE 2274 REXRBEO#EHRZ
TIHBEL IS tEVWET,

JHA a %R K U722 MBfR 2 7 — VU =& T
T £9F2HOWBHHEHNT7 -V ZEHTE
X212k ET, DD —XL, 2 KL, =X
TEDH SW BB LT 7 — ) T BRI ER
TE23DTY,

FEESHBE A, 5TEE (v Pa—%—)
EHES B TEZDT, 7V I EBEFE
ETITO 2N TEET, StEERTIOIRZ 2
TEFRBIE R OB 2 DT, FEBIKET7 -1
IZHY S5 ThH, HRPOMINCEHEEZITWV
£79,

7—) IRBOBRBEDOZ s 7 —1) =&
B rXXZedHh ET, Bz TX HREEX
MRNETFEED 7 — ) ZEW R WO BV
ZL7=bLET,

7 =) T, 7 -V B, BFoHT
ot bHHLVWETOLNEINH TS, Hk 10 [H

DHEROPFTHRTE, POELVWERELLND
X2 DHMNEETT, Hiko THWTETK
7EEW,
a72.29 B 7—) IEBOEKIZEH,

7 — V) ZRECTT CEITR T 2 BRI TL x
Il 77—V TMFBUTE, FRIREKRDSH 2 v
S5ZETL & DD
a72.30 [E%

BEROBHETRLTWVWS Z RO TI D,
Ef (EEEOBR) PRABVWEETH7—-1) T
TG R 3, LW — 2 EEHNIC I
Z0WDTY, 7—VIFH P, 0% 171
TG rwokh LET,
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— T, I, SIICOMHE T, FHIBS Y 7 — U T

m72.31 B 2 k5T, =RITT sin & cos FHOR
woh

7 — V) Tifde 2 Kot, =XOTITHRRT S BRI
I sin & cos EfEDRVEBo L2 o TWVWELL
B3, 2 RIC=RIT TIE AR & IEZARENT 77
BZEMTERVEWND ZERDTTh,
B7232 E%

ZH5TIEHDFEA, 2 KT, =RILDT —
ATH 7=V TRELFIL L IERRBNT 7T 5 2
EMTEET, L2LESITHE, ETOdR
CEMELRADPHTE T, ERBERDELEE,
FEEUEAI Z o T exp (i) exp (i8) exp (iy) =
expli(a+ B+~ effiRiCibTE2L 2%
(cosa +sina) (cos f +sin B) (cosy + sinvy) @
NI EZ THEMoER 2o Tiddd s 2k
FEARATRETIED D FH A, T T, a=_2ra*x,
f =2rb*y, v =2nc*y TF, LrLIARME
D7 SR RKIENTRETL 29, 2oV
L WO EMEREIEAIZ O Tl TE S L 5
o TLES, I, £47—DRADFEL
ETAHARDTY,

—RILD 7 — V) T THEBBERROFEF]

SEHEELIZS, 2 KT, =ZRITNDHLIK

&, FEBUERIDEZ 2 EREBERTE2HS O

DEMHT, DI bIEMRRUHE, IE

BRBUCRE S Z 23RV TL &9, 20D

e Ty, HERE A A T —DRADEF

XEEfREL7=5, cos, sin 2l a3 vF

71 LEL &S,

E7233 8f T X—23>) OEKEED

X#R CT FREOBMHDIE 9> X —>arv) &
WIOBEE I FHoTWHS L2 WELENZD
P A= a 3Tl xd, ARTALZDT
TH, X< brohkhroOTEMLET,
7234 [E%

P> X — a3 ¥ (summation) 1 TF1 TR LHE
EVWHEKTT, Y (¥7~) DiEEM#ES DT
T, VIEEECATIIHEICH T 20 TRIERZ
TLEEW,

H7 ZADFHERDO LYY — FiZ 1 ~ 100 DF

% 5050 72 L BERHICEI R L7 8 WO D03 B D 55
YrA—vavidtBeiioTtELL 10 =
101 x 50 = 5050 ¥4 D %75,
E7235 B EELGXZERL TV

7 — 1) RPN OV T DO 8 F [p.23] TH 2,
ARLD D ENDPEBELRAZDOR LS b2D
FHA, FHICHERAPHE LTWaRAZE Y
77y 7, b LIIEHAREHI DX SICLTWY
72720 % LR LT WT T,
7236 [

ZFDEIWTLELR
E7237 B F, cl3fATeh

F 7R (I02) [p.2a] TEFLLL F), IZDOWTT
T, THREDES BREZRTLFRDTL &
S0 F., RO Fs, 1%, BOOHTIX h LR
L7z cos & sin OHRIE, & W5 @RZDTT D3,
ZhoZRLELELILICEH>TTES [ &
W EBITOWT ZHIRFEV 2 WT T,
7238 B

F., BXUQF,, OMEICEL TEMEWD D
FHA. f(z) DEBCTHEHE, F.,, & Fs, d
FHTT, LHL F i3 (BT2) pea o k51
Fp, =F,, —iF;,, LERINTEHEBKTT,
7 — ) TREFE EERE»H A X — ML E
L7y, A4 7 —0RA %o THBRFRICE
XEZH5LLTVWADTY, ZLTZhIickD,
7 — V) THEBIIIER iR I E Rz o g
o ZIHAAT—DRKDFNE ZAHTT,
B7239 B f(za+yb) IZDWVWT

f(z) = f(za+yb) & T 2KLIELZMD TH
DTITH, ZHldar+by =0 FTBETH3 L
RLTIVWDOTLES2?
L7240 [E%

CHBELTEENE T, 2 X0t AED#H
ot ZATHTE%K (B35) [pBO) O Z i
ERVWE I, ZhENCHBLES,

fl(x +nz)a+ (y+ny)b] = f(za+ yb).
(4.86)
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ROZEHEEWBETICTEIZEL LMD LI
mh %9,

fl(z +nz)a+ (y+ny)b] (4.87a)
= f(za+ yb +nza+nyb) (4.87b)
= f(za+yb). (4.87¢)

f(za+yb) % f(r) EELL 2 ITT 5L
f(r+nza+nyb)=f(r) 2T, ng & ny
FEOEER T, K (BXD) X, 2 Koo
BEF-oTWBMHHEIE, ZOWEHYTT L, 20w
FOKTT, =KL THRKTT, at b
DELUED 1 THEEZTECTSH f(r) DEIZF
CTT &, W52 T9,

E72.41 &R exp (—i2nt/T) ##IFBZZ LIZD
nwt

RTHAZDTTN 7 — 1) AT 2RIC
exp (—i2nt/T) Z#F 2 A0 D7D TT
DT AVIEFERDOFERIZT TEZTVEDTL &
9 7
B72.42 @E%

EEZ T TR LRI FLEETT,

t LSRR T O 5 EBKMERT Z L2200
TBZHL, exp(—i2nt/T) #HF 3 Z & TR
Bz L Cn3 0 e RnET,

BREGFTRO 7 — V) T f(t) ® f(x) B
FRTHZIHENTT, 2L 77—V ol
DFEREBEBUC LI AP ERNCEIE B AT
DFRTRDBIITR D DTT, FROBBEERIE
RD 7 =Y TRBUCREFL TS F_), = F O
"3 5D T, WEDELHIEERCRD 3,

Fy, OOiHf (RfA)e X, FIGEEREKERD
HHET, F, = |Fplexp(ip) &35 Fyp =
|Fp|exp(—i¢) &7 b 5, F), DEL F_), O
ZRLAEDEDIERDESZRD X,

|F},| exp(ign ) exp (i2mha™)

+|F| exp(—ipy) exp (—i2wha™) (4.88a)
= 2|F},| cos (2mha*x + ¢p) (4.88Db)

= 2|Fy|[ cos (¢n) cos (2mha*z)
— sin (¢p) sin (2rha*z)].  (4.88c)

LOFETHTL % cos DBEE ¢ =0 THN
XBREET 2%, —RICIE ¢ £ 02D T, HEEEK
PO ¢ FF AL TWBDTT, |Fy| 512
TR THAHEA ¢ DBRBRoTVWEET7—Y T
W R L ZORBIERGESDHDITR
DE¥ET, £/, R (E220) 2053 (ERRA) NDETY
W =ZABRBOMEEEE2H W TW2 DT,
W CAED h &+ cos (2rha*x) & sin (2rha*x)
DIRMELLIE cos (¢p,):—sin (¢pp,) TH 5 Z & D357
DEJ,
E72.43 B TS OEED too THBZLICD
(AN

7=V IZMDIED T B B R ER R
+00 TITIDLDBARIZIZL - D T RVWEZA
BHDFT, FLLHALTWRLZITEEAD,
E72.44 @)%

—XILD 7 — V) TRENE—MRITRD &k 512X
NE7,

f(z) = Z Fy, exp (i2mhx) .

h=—oc0

(4.89)

BEICIE oo DY A—2arkebILIET
ERVOTHRRHFATZHLT f(z) kD F
T, Bl 2 XK B3 (a) [pBd] X B4 (a) [p.B3]
DO RD T NDIF TS, ME3 (h), MEa
(h) O XS WCHERLEFHTITBY > TH, TTOM
B BBINCRD 2 Z e N TEF T, EBRICHHE
O R E T 2350 b AR HEHIP Tt A 24T
BYIDET, oo DY U X =2 a5 DX

LS 2d DT3,
E72.45 BR X S REERERICT— ) IHRHK
ZFRAVWBZEDWVWT

X gt & 7 —V = 2O BEMEICOWT T
T FAME X RO Z 2 B2 XD EDRIETH]
DT TH37DVENEZDOREMEN DD RN
RT3, 7V SXRWOMMTHEAZIH
2bDTITN X HOWEHRL72DITHES DTT
Do TN E HIKOURME - I % 7= DI2fE S
DTL k9D MPVWE ZATTHEZITWE
FHUXD D BT nT T,



48 94

—RIT, —KTT, ZXTTDME T, YR 7 — U 2K

E72.46 B

X A S S AT T IR RN O E T o(r)
Z [EE Uz E LTl f->TwES, filx
XD Z Db DTHIUR

D =Dexpli2n(vt —K-r]. (4.90)

BREERLET, HZER 225D 5 0WIFEEH
2T 51, oo Loz, Rk 2
BIHY BN P KR IEHEEZE > TV
T FIC X 2 IREIEHZ AL TRRTH L
bHDFT, vIF—MICIREET Ha(~ VYY) T
RRTHIeDHD ETVEARNLREAIL [s71]
T3, v ORD D ITHEEE w(= 2mv) Tidid
T2HELHDET, OB [s] 2D T,
MEOHEINS ¥ \EAICRD £5, K IZEK
ARZ POV THANE [m™1] M@ b LA
[m] T, ZhsOfEX, PP £,
M) 2id, RS X 2IREZES IR #il L7
Wehidp2 b DI HFELTLIZZ WV, BETFEED
B p(r) bFFIE L THORD LS IT7—-VY =
WEERTE 5,

p(r) = Z Z Z Frriexp [i2m (he + ky + 12)] .
ok

(4.91)

DLRRZLVWOTTAY, MR ERTE M-
TR LTOXHoMHEZa Yy o —LT 52
B ET, HlxIE X BBHET Fo ity
7 RED X BT 3 2 i D JE TR D 7 % F
LT, XRORECIREZ 2> ba—§ 56%H8
FT3, BREED X % HERE PR G I &£
THIEHTEXT,

E72.47 B 77—V IH/B T S—BRAICO
(Ake

X @10 [ped] 756, 77—V fE L VS DI
fx) ZIABPLTRLEDBDEWVWS ZETL XD
e Flz, ozl 74 7 —EMIZEITY
2 Bo7DTETN, 747 —EHIZ7 -1
BO—OLOIRbDRDTLEI D, 7—VU T
W e 7 —V T DOBND K K D0 TR
D7 —V T 13X 10 [p.eE] oAEERL,

7=V LR f(z) ZELTHELTVC W
5Z2TL & DD
A72.48 [E%

2020/6/15 O 6 B OFHFET, 7—V K
DR Y =271 —1 ¥ EHDINRIZOWT DOIE
AEEITo7-0T, BilzEVWzordb
Ao TAZ—EM (v7u -V VEH) £ 77—V
BT L DB DTT,

TAZ—EH (x7u—1Y YERM) ITDO2\WT
35 B E [pra o (B2) [pa) iIZEd L7 K
212, FERREM I AIRER D 5 W % & & W 2 BIEH
S pana™ TRIND & LbDT, 2020/6/15
D 6 MR T, FHRERD A5 Tldi
Mmole, EWVWOEEELE L,

7 — V) THRENIE o D B &0 2 BB
JH a/h O =MBKOMTREINZ LD D
T,

E72.49 &R exp (i27h) = 1 OFEICOWVT

AF7A4AFRD 16 R=IHDTITH sin & cos B
I LTOIRREDIETN2TDTTH, exp
BED 21TH0RHD F¥ Ao

exp (i2wh) — 1 = 0. (4.92)

TRINUIEDLRVDTi2rh =0 L2H D 2R
WOTFHNh£0BDTTIEES>TLEVE T,
T72.50 E%

HWmroELLY W PTEEOEHT
exp (i2rh) = 1 ZDTTF, exp(ip) DEIE, ¢
DIED, CALAREL R DD, NELREp
T, AU RFH (EELFE) O B2 2 FAT
bbb, 360° AT 2 5H2DTT, BRD
T, exp (ip) DIFA ¢ A3, ---, —1080°, —720°,
—360°, 0°, 360°, 720°, 1080°, ---,

KXz 7 +m—9 2720 C%<, KNI [p.0O 0¥
FHEFHOKZEWH LT, exp (i¢) 23, ¢ OfE
DEIZ LT 5T B 22T 2 B LT
ATLIZEN,

E7251 B 71 7—BRAL 77— IH/RBUD
Ak e

KX (ET0) [p.e3] 2256, 7=V I WS DIk

fl@) BEBLTRLEDBDEVWS ZETLED
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e ERELOMEBRLTA 7RI TVS
EBoDTTH, 747 —EMIX7 —V K
D—FEDEIRDDIRDTL & I 7—V I
B 7=V BT OENB XL T2 TWRND
7 — V) ok e 13X (1) [p.ea] ofAETEL,
7=V I f(z) ZAELTEHEL TV W
S5Z&TL & D%

E7252 [E&

f(z) ZaaENCKkD IS5 LTVWBEDIE, £
K ZD#DTT,

2020/6/15 O 6 M O#HFET, 7— 1 K
DINHE <7 v —1 VEHDINHIZDOWT DA
FEEITo7-0T, RiLZHWZO2rDHNEHE
bo TAT—EBB (20 —) VER) t7—V
ZHBIIEL BB DTT,

~7u—V VERMI, FBE[pLl THA4 F—
DARRZE T2 HHNZ T I > TVWER T,

7=V ZfRED, REDEBRTT, A a
O JE AR E  EROIH, A o o =M%,
a/2 D=, M a/3 O=ABE, A a/4
DA, - M a/oco D=AEBOMTE
ZF5LLTWVW33HDTY,

550 DX I3 [p.Bd) K B2 [p.BA] 1,
DFHEEBIRLHEFH T B Y - 7285812, 151
DO LERE N/2 2 KELTHUET 21ZETOH
BIEDOWTWLBRFZRLTVWE S, EEar
Va—&—%foTHHMROMBE L WS DITKD
5ZLIITEY, EIhTEZITHY > TTO
BIEL f(z) ZEBINICR®D 2 Z gk b £5,

PIEEHRIC X, BAEK f(x) ZEBEBINIT X4
Th, f(z) OMZEREG F, ZKRE2MED h FTH
HTEZ220WS D2 L2HZDTT,

T7253 B 7—VIZBESI TS RAEHRICD
(Ake

RELDVLENE TN, 7V BB I D
THENZ I DZNWT 7T AEHX, RITH
7= B BENHZDTL & 5he RICHK
D% L7,

E7254 E%E

77— B ONWTIE, FAEREDHERT

HolZ d i, M¥TmRLE L, &R

HL LTHWEDIX, -o1X5 Web LOFHET
L7,

7T T ABHFICOVTIEHERTE > DT
A, BIA0EDHIDOZ LT, TobhEhTL
FWE L7z

7= MY 5 T 5 AL W R e g
CDOWREMIEZeDZeTTH, LOXSITHEMT
500, SOMFEIS DD EEA, D55
FRTBEET,

B72.55 B FILZBEMICDOWT

SROFETOEM I LINTLESI 2D
LNFHADPRICRE ZERD > 7D THMW
LET, RFHTHED EHICT7—) L%
EZBBRCTNEABERENHALTEZS VI B
DWHYH, 2o 7 =)L W7 —) 2k
PUCOWTEHET-> TWBIHHEIH D T L7,
L2L, 202200 FMENS £ 20D TV
VR D TRV 2= 720 e BnE Lz,
E72.56 E&

FAREBET 4 7 v 70T VB b XiE
L, BT OMEUCEB L 1933 12 —~ L)
B ERZE LR T4 5 v 7 (1902/8/8-
1984/10/20) 12 & o THA S - #& R 72 B £
T,

ERBOD 2 AT IHEEROMEEZFD 77—V
T (EABEBOE o % —co <a< oo & L
ToMfR) §2 & —o00 < h < oo OHEIPFATER 1)
LR ZBBTT, kB, 7V BT
FhI3BHTHD, BEREIREIEE 2D T3,
7— ) ZEMOMHR T hIZFER D, TAX
B R 7 — ) &Lz T1) OEHRBD too D
FRITRD T,

A, X RENS O BB EIC 7L X B O
REMHEEZTOETN, X, Hows A4t
Ao XRERETLZeTHY, ARA
AEEZROEEREO X HEH L IIMPDICEL S
FHEMESE O E T (KM ED [p.Bo] Z2R),.
BE72.57 BRI cossin ODFEAICDOWVWT

R (I23) [p.2B] OEEBIEAD 7 — 1V ZHRE
DFEDIEIZOWT, sin & cos D E D
2T THBHIWFEINOREZDTL x5, A



50 94

—XJT, —KTL,

=TT T, YIRS 7 — V) oK

OFTIF#AZRON (B2) [p.od] 12H % & 51
Hd h/a B BoTWEDT, AIFNRIERD
LNFERAD, THIRET 2 0TI,
L7258 [E%
FOE, XII|p.
BLFET,

ZOMNZE, FE1oMMIWTHD E T, [
Z1EATZEERR, 2nr THEZORETH, 0WE,
r=17%0D7T, ZOM%Z 360°, §4&bb 1T 5
YREXII2r ik 9,

fapsk [EE) Tld7/< [rad) TRITLE, 20
FE1OHDOEAERTRIRED VDD £7,

m 258 L4 s Fea

cos(0°) = cos(0[rad]) = (4.93a)
cos(90°) = cos(g[rad]) 0, (4.93b)
cos(180°) = cos(w[rad]) = —1, (4.93¢)
c0s(270°) = (Aéz[rad}) 0.  (4.93d)

— MR Z FED 7R VR D [rad] DFCE I3 ENE

L7,

7=V 2R RD LS LTV DN
X h/a TWE%L a/h T, Db, Rk
FHAYTT, AIIIEEBOMERDT, [m] OB
Mo TVRREND D 3, [s](F) DHAL
ZROZDHDET, lJa=a* LERLTE
DHEAE mY] BwLiE 7Y T3, R (Ea)
[p.2a] 720 LI (B2H) [p.ed] i<z =0 ZfKA
2% cos DHFHDEIZY R, v =a BIRATS
¥ cos DHFHDfEIZ 2nh T 360° x h 272D,
1 [p.0] DD L% exp(i2rha*z) DfEI%, <3
B hE, FEET 522272 E T, cos & sin
DIES h [\, RENITSHZLITRD £T,

IR =B R T 5 & 21d, FE2UM b 2Lz
To7D KD DRR I LWERE T 2HEDND
ZDTY,

a3 [m| DB ZHR > ZBIETH D, o* 1
[m~Y) OHN &R - 72ETT, cos, sin, exp D
HEAIENTH S L IR L TERTAD Y
ISWVO B ZFR o B P EF v 7 LTATLR
ISR

a72.59 B Fs, ICi B2 DRRAEETTH

#EmPoXtk (@) 2o R (O8) [p.ag
WKEEMZ GG, F,, Qi oEHERbR2D
FEA, TZETOENIHBIL D TT,
ZIZTHEHWTLZ 720 THZEZBEWNLEZW
T,

L7260 [E%

R (EI8) oFT $(1/2) 2¢ 5 (1/2) KRAT
LEoSLDRZERVETS, i% ) OFIKANT
ExWDHFELL,
B72.61 B 7—
HBDTIH

7=V e THoFDIZIEITRTORM
Bk EE R OREROAFI TR L& (7
Y THREUER) OBIEL WS IR CRIE R W T

) TH{RBERTET HRVEHN

LoD ERINDELWES, 7—V
WEMATEZZRVWE S REBIEHZ2DTL & 5D,
CHIRIEET2NT T,

7262 [E%

T—=VIHRT7 =) IR DT A T 7 FHKLT
e, NFrAY2TolEy F=AB%KOMT
RIND, LIHRLTUROBFAROKEFTED
ORI X ITE -2 E 5T,

7=V THEICERTE RV L S RERED
Z0HHNT, ROurDHHNT, FATH oD F
‘Ao, LL, 7—VZDEIDNELP-/Z L
&, YHEERRORESRE RAUIHS»TL x5, B
BEEFELEL &I,
T72.63 B fIENY FILICDWT

7 — 1) TIRED 2 TIT Kk C=RIT DA Y
TE7z [ha + ky(2 Xot)], [ha + ky +12(3 XT)]
WOWTROTTAH, T S kIRt r
BHB—RERTMERTZ PV WS RERTE-T
WBHDTL & 2 D%

E72.64 B
r=za+ybRWVWlLIEr=za+yb+z2c T, %
NeEN 2 XLE X P=RITOMEXRT PLTT,
h = ha* + kb* W LIE h = ha* + kb* + Ic*
&, 2 XEBLP=RITCOFHETF X7 bLTT,
h-r=hex+kyZWULIE=hx+ky+lz T, &
HMORIIED ET, hk & z,y, 2 DRETIX
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HHEEA
E72.65 B 7—') TH/RBOFRBDORHAICD
Wt

7 — ) DR RD B & ZIZONWTRD
TID, REERPEZTHDOTL & 5h. HTDOH
TS TREZRDTNG, WS X5 B
WROTWBEDTTH, K< bhrhEEA, HX
THHI} 2 LW T,

BE72.66 @&

X (zz3), K (E26) [p.29] & Z DR DR
EHATATLEZEI WV, 1 AT ETT 2L,
h—h =00t &AL, REILT (0Fh 7
Aol Y= AFRZHKR 57D LT)HATL
FI5DTT, HRBHEDTIIRL, exp| | DIRES
HPF WA THE2 A0 T3V TF.
B7267 B 7— V) IRBOFR#ERDZED
BoEEICDOWT

F727 =) EBOFHBEICOWTOERMTY,
—RILD & FIIMPEHED —a/2 ~ a/2 T, T
TR ADS a 725 6 2 OHHTE TG T
X5 METELDTTY, =L, =KL T
—1/2 ~ 1/2 2R ->TVARHEBEPDD D THA,
ZHRZENOBNTH S 5 [JAH /2] 1272 570 HEH
WEATL & 9D
7268 BI&

Y55 THRMARER DT, —KILTIE,
r ICH 2R TR L TV s Dic LT, =
RIt, =XILTIE, a, bRWwlida, b, cITH
MEREE T, y2Wwlide, v, 2z ZHEHMNE
Licitidz LTwEd, =L, — XL, =Xt
T, WIS ESHEME 1 EETT,

27269 B 7— U IRBIHESOIHTITH

7 — U TEHUINER R C e AR TR T
T, BEREEEERI LD, MOES %
LRI LD T 57-0DEE, vk
BEWRWTL & 972,

L7270 [E%

=ABIBATER BB E D N 2 2k, A A
7 —DOREDMD THRN DT, HEVRWE R

WET, WHES "R 7 — ) TREICEDOWTER L
7z, EFEHD FEA. L LMED,
7=V B HNTITS 22 b T ik5Z
iE, Zo@EbirEvnES, 7V hn7—
IRBOFEEFT-DIX, BREBICOWTHFEH
DEETLR: MADRHRT oD A
£9,

B72.7]1 B R ITIEBUIT—VIEHRTE
BULDTIE

(7 — )T E\TERVEBIID 2D W
SHEMEHRLE LD, —EDEMTRE->TL %
AR THRNT 2277 73 REATERVDOTIE
W, EEROTIN, ZOTEEH->TW»
5TL & 27D%

E72.72 [E&

fEP B Z X, o™ (n > 2) X, L TL
FV, 7V ZZEMEI—HATEXZ51THH EH
Ao 7=V I NEr ALY OB Z=AEKD
MR TE S, LFRLEEE, 2"(n > 2)
REBRNT 27012, 25V 50WAELED
HHHNEE A,

L2L, 2™ O DO—E %Y h - TJE AR
BrelEs i3t s, 2hdy—v ofiguc
BT NTERIET T, 7—V LMy
WS HDH T — ) O I & R KICHEER L
72D ERINTVWEILEEEBTHL 2™
D7 —) TEWBIFET 2T T,

HRETIE, ~/u—V YEM (74 7—EH)
NS R E M OMERFTE, KB [pIs], XE2
[p.0¥], X B3 [p.20] @ X 5 WCHKRRHEHTITS
YoT, FEHE T~ e —) VEBTZ2,
WHRRE L X T,

HERRAEL, oo DEFRBME VD DIF, TS
FET 2 e o k5T sy, chz
ZIIAND Z Lo TAHA 7 —DRRDFEAT
XRZeEEZDE, 2" D7 —) BB T,
+oo DERIBICFET 2 TLEVRET,

BeroMFcZ 2 g THEAD T2, 3T
HDEIICHE-TLB2DEKLET,
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51 KRNI MILDEE

511 NI MILOWIHEDER LFE

B I2I%, 3 UL TD 2 DDORZ bV A &t BOWRLTH 5, e, e, e, 1&, TOIEICEFR
ERITELZHRMART L TH B, 32DOXRT PO Ml (e,+e,+e, DFH) 226 7T, HFOHIHE,
ANZELEE, PO L5 1ERY P A DREMAKFEIEID O ¥ 2I2HFR, Thodor 23 EFRER
%o HAIRZ PVITIZEMDZL, EE 1 ORI ML TH B, A ¥ BOEX (HurHE) |A| & |B| &3

FHOEHED, RD XS ITRKRSN D,
|A| = /A2 + AZ + A2, (5.1a)

B| = /B2 + B2 + B2, (5.1b)

Ay, Ay, A, BEU By, By, B, 13, X7 M LD ey, ey, €, HADHITTH S, KBEDE, e,-ey e, E
RIEIEEETOMBEZRTMERY PV TH S, MEXRY PLVORIE [m] OHAL (T4 AP ay)
BRORN G —BTHD, LOLRYZ PVOHA (T4 AP ay) [ m| TH3EERLZRWV, HE
THUE s~ TH2 L, MEETHIUL [ms~2], HTHIUL[N](=2— P>, kgms 2)) TH 5,
%72, ROETRIIME (RXZ PAHE) D XS5 HEIZ X o THABKD 2 DOXRY ML OFEIZR 55
BoH B, WREETRZ MVEERTHILdDHD, ZOHBAOHAE [m™!] L2, AHTF—L R

51 3XTRZ MLV A B
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M ODPIEDEE, AHT—DENERB XY MUBENARY MLV THZEHR, AH T —BEXILT
HHRZ MADHNEROBE, 2AH T — X7 VA OWT PR EHFOGALD 5, HERMSEDT 4
XY a VIEFRUTRFIUIRR S0,
512 RV MILORFE (RHF7—H)
ET2.1 NY MLORBEDOESR & 3HER

N7 VA ERZ ML B ONEIERD XS ICERS N5,

A -B = |A||B|cosH. (5.2)

L&, WHIDRZ P TH25RIINEERTHBEL S TH 2, LELEHN RS 7 —TH 25513
B pfE£RT, vk KBED [pB3] WHRTRLEEIK, At BORTATHZ, AH7— |A| &
|B| DREICIESHIERID L D S D727 ML DOWREIZ D RD & 5 R EERNDEL D 37D,

A-B=B-A. (5.3)

122 NFED S ESER

B2 (a) IZIX, e,-ey e, EZFEIFER, e, Ml FATRNRT PV A, ep-e, FHITTFATIERZ L B
B, WO TH2, chze, BEUe, HADSREDD, KED (b) BEY (c) TH5, B BHINY
FMLOFI Bi+By TH2 L%, B, & By BT LD e,-e, FHEICHZ2 DI TRV, ME2 (b)
BT L, X7 MLOAREIZIE, RITRTDEERDS—RITE D LD Z e 3T X 5,

= |A|[By| cos 71 + |A|Bs| cos 7 (5.4b)

E12.3 BAANY MLORE
WHEDERN (B2) 225 cos0 =1, cos 5 =0 ZFRELTHMNARY Fle,, ey, e; DAREFHET 2
ERD KT B,

e, e, =1, (5.5a)
e, e, =1, (5.5b)
e, e, =1. (5.5¢)
e, e, =¢e, e, =0, (5.6a)
e,-e,=e, e, =0, (5.6b)
e,-e, —e;-e, =0. (5.6¢)

E12.4 RREDEHER
X (B3) TrREhaEER e R (63), X (68) %R 65X BT [p.B3] X7 L A, B ONiEE
BTz

A-B=(A,e, +Aye,+ Ae.)  (Bye, + Bye, + B.e,) (5.7a)
=A,B, +A,B, +A.B.. (5.7b)
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ez ey . ey
AXB A [B,| sin y, A
B cos ¥ B
AXB, B i
b
\ ‘ B, 2 g
9 £ 2
A B, = B =
€ e
(¢ B R4 Z " 3 €
’ B, oY A -z
X , Byl sin 74
A X B2 [B,| cos 1 [B,| cos »
(a) (b) (©)

5.2 At BWBYAME, BEUSEEAL (b) & (¢) BZAZH, (a) % e, & e, OHH SR

LR (B2) INEOFTEIC—EICHWs 2R TH 2,

€, €y, €, DEXTLHHM~RZ FrThb, K (63), X (6D) OMBRIEBEAETS 2, Otk
WREOFIENRIE, X ETE) O XS RIEFICS Y Ik b, NEEZHETIRICZ0 AR -0kt R
ERORIULAX—LEN 1 v 272D TH 20, TOFEIYHEZIBOTLIELIZESE T 2HE
FETH %,

AR EERET 27D0 ZOFEIX, HOE [pL3), HBE [po3) T TEERT LAV
TV, W TFHEHARY MLE, EEEONT L OWNBEZHET2ET L LA —2001, 7uX
R—LHBEB LD EIITERT 5. WETFIE, XD, BLU7 -V oz iliRs 280
HRLDOFE L LTIERICEETH 5,

5.1.3 RI MILOAE (N7 ML)

E13.1 ABDER
651 [pB3] OXRZ bL A & B OAME (N7 bLEE) RO XS CERI NS,

A x B =|A||B|sinvy e,.

R (BER) HAD e, ¥, IED ITHEBRTRLTHD, At BOWTHIZHEET, A, B, e, DJHIC
GFREBRTHARI VL TH S, N2 2B T 2L, A x B OfftrHElE, JRA O, X7 bl A,
A+B, B OREEBI T OEBTH 2 Z 905, A ¥ BHIZH5 L e, DHAIDKEER
T30, N7 FARIEREGEANIBOI LRV, ThbE

AxB=-BxA. (5.9)

B13.2 AFEDSEER

B (a) C, AxB, AxB,, AxByld, At B, A¥ B, At B, #2072 FATUIK
WHEET, ZRAOOHEBOKEIEBFHEORY PV TH S, 3 DOFATULARIE, —cE—FmE izl
AQTAN

B2 (c) 1%, e, HADOREZNTH S, ReBOEMA=MAEE e, MNHET 2 X 5 1HWTH 22,
THBIEMED (2) ® B, By, By 28T 2 =M% epe, FHICHELEbOTHS, hbk
90° MR X B R FO=ABEMOTH 22, e, x B; & e, x By i, By, By D ey-e, HADH
HERILRIWCR S, Ko TREBOEA=ARIZ, ThZNERITHS2, ZOZLh6, e, xBy &

LTRSS LAR—L) VS HGEERNTIERVA, a3a=r—var V-1t LTHATH % -0 R#ERRTIIERL
TZOHFEZHW2,
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e; X By D e, 7E, AICKRESTHREZTHS, %7, e, WTOMIE, =AFOERID |B|siny
THBZEeDThd, TR |A| Z0TF2ZLI2ED AXxBERDLENZDT, X7 FMLOAEIZIE
KRR T BLiERID — RIS S %,

AxB=AxB;+AxB, (5.10a)

E13.3 BN MLONE
NEDERN (BR) [pbd] 225 sin0 =0, sinf =1 2EE L THANRT ML ey, ey, e, DIEEF
HIT2RD LSk 5,

er X ey =0, (5.11a)
e, xe, =0, (5.11b)
e.xe. = 0. (5.11c)
e, X e, =e,, (5.12a)
e, X e, = e, (5.12b)
€. X €, = ey, (5.12¢)
e, X e, = —e,, (5.12d)
e. X e, = —e,, (5.12¢)
e, X e, =—e,. (5.12f)

513.4 AEDFHER
R (EI0) cREhESEEN Y, R (600), R (E12) OBfE» S, MED [ph3] O FLA,
B oW EZRERE TS L

AxB=(A,e; +Aye, + Ae,) x (Bye, + Bye, + B.e,) (5.13a)
=(AyB, - A.By)e, + (A.B, — A;B.)e, + (A, By, — A B;) e, (5.13Db)

e, €, e,
=| A, A, A, (5.13c¢)

B. B, B.

Lo (63) 3O BEIC—KNCHWsh 2K TH 5, X (B130) @ | | 1 $THRDFLET
B3, THUTOWTIIK IR [pRI] &R (W) [p&I| 25,

AR & i3stie, R (BO3H) OAMEDFHETIE AT LA R —AZERICRD, 7aRR—LET%
AHET 2k B,
514 RAZ—=BBOHVEH

27— =ERIIE D E p3), B E [pH3 OFRT, 3 KITOFEFEARY MLEERT BB
WETH 5,
141 AAS—=BBDESE

SEH IR WARZ LA, B, C (RIEZZR) WHLT, AA7—=FHf%Z A - BxC) D&L5K
EFET D, N ML A ERZ ML (BxC) ONETD %,
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B+C

K53 A, B, CORII—=BRINSDODRT bLEHEL T 3FT 6 BEIEDIKETDH 3

ET42 2H5—=FROEAAEHH

M 63 13 ey-e e, EZERD ep-e, H EIZAZ ML B, CABD, X7 L AZZOEMICIEE
WELTERIL TS 3,

AEDEHEN (BR) [pba] KL ->TBxCRitHET 5L

B x C = |B||C|sina e,. (5.14)

CZTalERBIWCRT IS, RZM B CORTATH?, FHOr, XZ7MLB, B+C,
C OMMZETER . T2 HTAROEADO R XX |C|, @&H |B|sina ROT, ZHODMHE [m?] DX
XXRFEL, AAde, DRZMABBXxC THEIeRThb, —H, NZILAte, Ok
AR BEIITRT LI o THDL X, |Alcosd DENTHINFAT 6 HIADEXITR D Z D53 h 5,
L7 TA (BxC)X, A, B, C 28232376 HEADKETS 3.
ZDFAT 6 HAZ ML, e,-e, FH EICRZ ML A ¥ B2, X7 ML C Y AWBFET S
£ T, FARREENTEZDTRORIED LD,

A-BxC)=C-(AxB)=B (CxA). (5.15)

A+B+C Offaihr o Rz =, 81, #H2, H3OXRY bMLOKAEHEEEHE D ICES L TW»
2%, ZOHICGEFREZRLTWVWS,

A-(BxC), C-(AxB), B-(CxA) BWFhdIORFEEMAELTED, 207 —=EHZ
EDfEE 25, 81, B2, 53 DOXZ POREADSREEIDICEI LTS e XEFRERD, XA
S —=@ERITADMY 25,
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A-(BxC) ZRORTHETE 2,
e, e, e,
A-BxC)=A-| B, B, B.
c, C, C.
A, A, A,
~| B, B, B.
c, C, C.
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52 BRrEE

52.1 FRFEERNI FMLOERICOWVWT
711 B AER B [pOE 0L SICEET B
DhH

HRED §EI [pHE] T L DR NEE
PN FE LA, @ Uoicst (82) [p.oE) 2 &k %%
BTFHEART bV a*, b* c* DERDIDDFL
Too 78, DD XSITERT 2D, ERDEK
WKOWTEHA TNV 3 L ENWTT,

B2 1.2 B

a*, b*, ¢ OEXF, WwFEKOX (87) [p.o7]
TIToTW2D T, 2, X (BR) [p.g) &
R (RY) [p.O6] A D LD kST 2D TT,

INBHDADMILT 5 &k 5129 51243, X (BD)
[p.BA] D LS ITEHKET 5 LR VDTT,

#FEEoRX (BI) [pod » 5 (RI3) [p.a7]
DA, X (BI2) [p.ad] O, ITEN 7 v R X —
LEFET, RIVLAR—LDERICR D L1
T30 TT,

R (BI3) [p.oa] 138 & 2 BT A8, il
X a -b* RENRELRTRWEEZRD X (BI)
[p07] DWEDFEIZEINC R SRR D ET,
Ffkica-a*=1,b-b*=1,c-c* =1 OFH
MOHALBZEIFFFENEYA, Z2O5RD2ETY
TORFFMETH 2K (BIA) [p.oa] ofA»EE
BTohidhiZ oy, 20 REPHhTLE
I DT,

HRROE R E [pH3] TIE, EEMICOI DR
TWIT Iy O EEIRL, —RIh i3
WRAB IV TORNFEEDF2, 77 v 7Dk
e FEffi/z w5 T BIRL, 7V TORFEE
oIV DRGSR REET 5, S FIE
EHATOET,

IV N DRGSR 7T v 7 ORGSR E
fficdh 2 Z 2IicoVWTI, #&RRD 832 [p.a7|
EHATATL IZEW,

522 BR2ABFRLEFRICOVT
6221 B AFROEHKE I

HRE [pH3] RZ FMLOHBICTHTRAET

ROBHEDBH N E LD, GFRBEERL, £

FRPAZRT IO LD, 2hth
MY DRDPBELDNPYEEATLR, IEEA
DA ED LS BMEDLD 5 DB ATV
EEWTT,

67702 @&

xX,y,zH5WEa, b, c DFAEHETFOH
6, NELE, HHEOLICERT 20D
HFR, EFORUE, NAELE, TR0 L5
WERTL2DNEFRTT, MHESPHET
&, FEAEDHE, BEDOL D TIFATF
RICLET, HloEWhET2L, xty+z
DHFM»PLRT, x, y, z KEHEI DI/
Z5DHEFHRTT,

HGF e EFIE, WIS L 72 & 5 2BE%RIC
HY, WEREL BEMECERL LD TEX
A, LFOWENRT, GFRODTRODPE
FRODFIHROIZHRT 2B LIELIEDD
£9,

GEFERDEFRPOMEIX, ¥ V7 4 — (chi-
rality) £ W\, ¥ 4 FRTF 4 T TN 205
DFEIZF Y & vl T [F) Z2EKT % (cheir) 27
BHETHB, tHHFEL,

2001 fEi2, BHKRIRTEAED ) — Ut EE %
ZELDTTH, ZEMNRITKR o LMHEIE TH
BRI DBFE WS BDT U, [REM »
X, ¥7V74=DBD20F (F7LVE5F)D
56, RARTZLEART 2METHD, K
D) —NVEZZE LT K 512D THEER
DT,

LINVEIVEEE WS EEEHWZ DS
CROETY, RoFR) OFAKDT TS, L7
NERI VB FIROBRICDH 20FH, D 7
RIVEERDTITD, TR HEWLH D FH
Ao BUNRTERBRLTWS T I VB, 7
VT4 =RV Y PAMITRTL 73/
T,

BAFan, O TEOE ) Fwa REESR
) eV HHEL, THY F<A FJ X
K SIRNZHEREZOTTAH, MERIEX LTER
BORFZVT 4 —BRHlOZ T2 T, HBo
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BIRIC D 2 5 FIXBEIRSE D) = 372 WIEh D 2,
THRR OZEDIRA T % L FRIBICHESHAET 3
EWVWSEMT Lz,

PETHIETDH, F7V 74 —OMBEIELIE
LIRS 72D 5
523 2 RTOFEEFEERT FILOERICD

(Ake
6731 B BAERZ 37HIC |a| TE->TH
whaoh

X (E32) [pBO] ¢ ZEFET 2K [b| THI-
TWE L7, HARHIZ 272971345 |a| T
HoTHMEUMBBRICRZ VWS ZETLEIHD?
E232 @&

ZODEHTY, |a| THIoTHMOELEA, [m]
DT 4 AT arvetiolt ’TADANZ—TH
UL TEI> THMDR VDTS, |a] RV LI
Ib| CULIEZE LAFAuE a- (b x ¢) OfEA [m?]
DTF 4R avFFoTLESIZLIIREDET,
bot b ZDEIDEZ LR THK E33 [p.BY
ThbxcB&Ucxad [ m3]DdF4xvPay
ERHOZLICRLD, a* b DT 4 XYV 1
Vi mT ekh, BEEECERA.

AH T —=—HHETH5 a- (b xc) HURILE
BOEKREIC: 2 Z L IEFIEZE U T [b| THID
HI2L 0O UME/HL % L7,

524 ZRNF—=FRICTOVT
Eo41 B XAHhS—=FRBRBFELZRDZ 7D
OV

AH T —ZHEEOHBMHAZ WD THE, ZhHE
RS 2AFER- L HETEXE L, 22T, R
H 7 —ZHEEIHEERD 720D b D WS R
RTH->TVWBEDTLEID?
r24.2 [B%

ZNTHEEVD D T HA,

5243 8/ R 87 [p. o5 DUERFEERY L
DEZTHEMNE SRICHKZ DD
a-b*=b-c*=c-a*=0¢&LkWVWEtDIZ
a*, b*, c* ZERL-MNIEMRETE/-ZDTT
D, Z9725Z L TEIRHEDNEITZRZDH KL
DY FEFBATLE, ZOERIY ZCEME %
FELTVWBEDTLLIDN?

6744 E%
% B &E [p.a3] §83 [p.dd] T, T ULk DKH
Gl T 2BORXZ L NICEA L £ 55

(nza + nyb + TZZC) . (Kl — Ko)

= (nga+nyb +n.c) - (ha* + kb* +Ic*)
(5.17)

=ngh + nyk +n.l. (5.18)

R (BL2) 1FHZER DX 2 b v (ha* + kb* + Ic*)
LR DT RV (nga+ nyb + n.c) ONE
TY, FEEMDORZ NIRRT LR T ERERE
TONRY bV (BB O Al 72 s F) £ %
BRETONZ ML) THD, tWHEHINHD
5, ZORDEEOEBOM n,, ny, n, i3
LT, ¥HF~2Z ML (ha* 4+ kb* +Ic*) ¥ DA
BB TH 2, LWVWI DRI O REEM
T9, 2D a-b* RED 0 TRVWERDEE
oY (nga)- (kb*) OZ 02X —AHHEK B n,
WHLTAIANSOEBIEE 2D, K (BI8) ©
SMEDERTERLSR D FE T, FAfkiCa - a* kY
PWHLLTH 126XV TWIUE, T TILX—
LbFET, BIED n, LTI ANTDFERIC
720, A (BEIR)=[BEH] &\ 5 KD RRRREC
mhET,

W7 — U ZifE Gl 3 5 BRIC H HE
T3, flziEa, b, c ZAMAEL T2 =RILOMH
%L, X (609), X (620) TREh 2B
exp [i2rh - r] OMTRINRITNUIRD R A,
Z 2T, h= ha* +kb* +lc* (h, k, [ 1Z¥H) T
F, expli2rh-r] 2¥a, b, ¢ ZJEAL 3 2 EH
BIETH 2120, ROEME I RFIUIRD
A

exp [i27h - (r + ngza+nyb + n.c)]
=exp (i27h - r)

x exp [i27 (hng + kny + In;)]
(5.19)

(5.20)

=exp (i2rh-r).
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FEOER n,, ny, n, OHITH LT (B19)
= (B220) DD LORBEN DD £ H,
exp [i2m (hng + kny +In,)] DEIC 1 TH
57-0121%, aa* =1, bb*=1,cc* =1
&Y, ab* R¥XO/7uRARX—LFEET

BRI D FEA,

525 HWRICDOWT
b75.1 B ARz L 35Kk

HARZ L% e,,e,,e, TRLZTH, Hik
K[FERBRETHARZ PV RDIHENEZ L 5T
WEHDERET, NEZ L 2EKEIIMTL &
2 M
E7H.2 @&

ey-e e, DEIRHEIERDEE(ALDZEMT,

BIZIEX [m] DT 4 X T arzfiolRT bilr
BHD, r=uze, +ye, +ze, LRINZLT S
¥, r=r-e, y=r-e, z=r-e, CalATE
¥9, M OF 4 XY ariEREolRY ML
h T h = hye, + hyey + h.e, THoHA,
he=h-e,, hy=h-e,, h.=h-e TIHET
RS

B pbh3] 22T 2L, A, = A e,
Aj=A-e, A,=A-e, T, A, A, A, »
SETEET, Adle,, e, €, ERTHE ¢,
by, ¢, £T DL, A-e, =|Alleg|cosg, &
D, les| FEHEMNTRID 1 OXRZ MLEDT,
A-e;, =|Alcosg, = A, ERDET, A, A,
WZOWTHFEBRTS,
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The next page is the beginning of Chapter &
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SR TSt DR

6.1 BRFHEHCHROSHERFEDORER

60 1%, 5000A(500 nm) OYTxd % ZEEEO I [(a) 200 mm, (b) 100 mm, (c) 50 mm] ¥,
IHEEET -V IERT 3 ic kAN, B K B EHAICHT 2 HOMEES [(d), (e),
(£)] OBIRERL TWS, ML ¥ R0 LIERSEHIC AR 35, Kikd & O M EFBAIR/ N O FAT
JERRE, TR I HE  SFHIE TR K, EREOMOC K> THEATIDWRSATED, H1EPF
HETIERWV, MED (a), (b), (c) &, Zhztsilis X jm. BITZoa Y /AT, 200 mm,
100 mm, 50 mm OGO A%EE S 2 E0BEBE (i) 2R L TWa, HOWEL A ¥ LTEE
BONH EE2EIET 2 OB b K(K = |K|=1/)\) &35, RUEETHERXZ bV K
+ Ak ORI ERE A AIEED S Ak /| K OfEZFTNTVDS Z8IZk 5, BB s K I
TN R 23 EAREARZ 2 D70, Ak i3 K LIZIFEETH 2720, ZEFEREKE Xi3h
%, RED (a), (b), (c) 27—V ZH3 2 1%, B %@ L% 22 ERE Ak O OFIT
KT IRBZpEMET 2 Z 2 IEDR SRV, KED (d), (), (f) &, KED (a), (b), (c) Z7—
VIZHAL Ak ) K %8 [arcsec] DB TRy FL72dDTH S, KED (d), (e), (f) EBELT
DHBEBD, HEET AN E R 2IFY, KRERMHED Ak | K Z2HokEraEnhd L
2D, EEEODREETEL R B, WITE ZIE, BOARAEERTE 2 IITEERD L ¥ 0 LIRS

g L

L

150.0

£ Intensity
£ Intensity
E‘ Intensity

=0 : 0.0 =50 50 Pt 5o
Ag, |arcsce Ag, [arcsec Ag, [arcsec Ag, [arcsec] > Ag, [arcsec]

(d) (e) 0]

6.1 FEREOML > X () OI4% [(a) 200 mm, (b) 100 mm, (c¢) 50 mm] & YD [EHF
f (il 5D R L) OBk, FOWMER 500nm TH 2 LRELTW3, (d), (), (f)1F, Zzh
zh (a), (b), (c) 2@HT—VZEHWMTZIICEDBLATNS, LY XW LXK HES
FHERCRIEDBEEIES D, (d), (), (f) ZZDBEORTICHYT S

0o . iﬂ
Ag, |arcsec]
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Ag 900

90’

nd
(0,| 0) (Alx, 0) (/,,0)

6.2 (0,0) & (Az, 0) DRBICIAL 20D RF KT 7 ¥ 7 F RSN 2 BRTFWBE, Ho7
Y7 HE Az HENCABICH B LT3

FHOMOZKELTIREDND D, HADTIX2HEER (I1E 84 m) R 7 XV AD Ny TI)VFH Eix
#(HFE 24 m) PRELZHOZFODIZZDLDHTDH 5,

X 61 [p.63] (iR 5000A (500 nm) OHITH L CEHEEI ATV S, Thk D ERISRVERK (8
F) I LT, HEROHRZIMOZRKELTEIICEDFRIUDHENIEONS, BRTHIHTD
BHNCHE L2 EE, —BRICBE Y F X = Mo T X — b THh 20, B2 3HEES £ F X —
P DOBEREBER T 2BE, 5 em =5000Ax10° TH 2720, 7<F 27 KXKDOMTHEHLIT
W3 100 mm OAROLREFE Y M UHREEESF LS5 2 $ 58, 100 mm x 10° = 10 km 25, H 10
km ODERZARTRI 7Y TFPRBEIIKR D, THERTOEKRT ¥ 7 FOBEFIIHEFE LAAEETH 5,

—75, BIIFAENE L L TIREIBADV N X W 25, BEEIIC X 2HIHAARETH 2, ~—F
¥ 740 (1918/9/27-1984/10/14) 1%, 5 2 KHFKHEH L — X — OBIFICH D FHA TV 223, 1946
FERBETHHEHCI-F OGRS L, EIREEG O RAEE R X8 2 Z gL
Too B Z DR L TIE, 1974 £ —OVYH2EE N5 2 Sz,

6.2 BRFTHTDRE

6.2.1 BELEVDEOOERREOROSKZEICK 2 HMREDFRE

X E21%, (0,0) & (Az,0) DMIEIC 2 DUiNTzRTKRT 7V FF 8 (FBRIED D BRODED) K
TEFBEICE IR U= RIE D 5 O PO BERZ R L TWS, FEDREDEREZ TR T 2 X 5 1Ek
B 4V Z—THALEITS, FHDT7 YT HE Az HENZAEIR 2 ->TED, 220077+ TR
ELAEBKOM (BIROHBEE) 2 & 2 X5 IS TwE, BROBE, HICHRNTHERESRV
DRABBPMRN 2D, 2007 T FTZIELLBREBTLICERL, BETFRETZOMEL 22D
TE2, bRAI, O RAHIERIER L kN2 L @EPICHEESE VAR BWTIE, &b
TN ZHIEE QR O TIERICNEETH 5, Ax HHD T4 1 TEIR) » Xidh 3, X2
DHEMUCTEENIF W RVHED T 4 > L BIRDIEETAORTAZ A0, T 5, A, =0D L%, %
DRETHIN 2T & FARDTFATTH 2729, Ax #Z(LXETHIEOMHBEEIEZ—E & 72 D 2w,
Ab, #00r %, MBI (a) DL CEKOTHHMEE, Az OZMIBLTELTZZLIck
%, UNDFAT, BERTHBHNCIDMILEI N2 EROTHBEICOVWTHMT 5, KIEA LD (0,0)

*L ik d 588, BIEFKSCEORIM T, HMIGESICE D EHIBVWERDI VI, 37 IV EOBERIAVSATY 2,
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6.3 (a) (0,0 DfEIR) BEXNLT VT FE (Ax,0) DAEIICH DIC Ax BAIED T ¥ T FT

R X 2B THH L 2 FHHRE, (b) BEIN/T VT FMRZELLBHOMEE m/2 S
iz 2T HmE

OMBIEE L7 YT FIRHLT, $5—2D7 Y 7F5 (Ax,0) DNEICH 2 L &, HiEEDE

¥ AzsinAf, TH 2, (0,0) OMBIEESINLT VT F TR ELLEROIRIELZ D L Lt %,
(Az,0) DNEICHEHS5—DD7 VT FTRIEINIE

2728, MEDOME L >7THEEIXRD LSk,

Azsin AG,\ |2
‘D + Dexp <—127Tm)

B DIRIEIE D exp (—i2rAzsin Ad,/)\) &7

A
Axsin Ad, Axsin Af,
= [D + Dexp <i27r;1051>1\10)] [D* + D* exp <+127T3381)I\10)] (6.1a)
~ DD* + DD* + DD" exp (+i2n Ak, Ax) + DD* exp (—i2n Ak, Ax) (6.1b
= 27 + 27 cos (2w Ak, Azx) . 6.1c)

R (613) » 57 (6I0) OEHIZ, A6, 2VNIWHT sinAf, ~ Af, TH3ZLICEIVWTWS, ¥

7z, K =1/, Ak, = KA#, TH 3, X (EI0) 2»5R (61d) 0EAIZ, T = |D|* = DD* icHEow

TED, TIIEHOEETH S, LOX (61d) 1Z Ax DM 1/Ak, (= N\/A0,) TIREIT 2 BE L &«

2, MBE2HRD M) 3EMEL XidN 2, I, BREVIECIREIO A N/ sin Af, 25K E 724

H, 37
bB/NSRIED A0, BPBRIFTREL 72, Z D70, BHTBHOAESRIEZETESASVIZEE

I2B, BERNRLTBEARATI RS 7Y 57 F L RACAENRIEREL A TES, ZOZL
0, ZOFEPEOEGHZEL JIENEUTH 5,
X 63 (a) DIRBIED 5 AG, OHFTHERHZ Z L B TE 3, ¥ AR (6I9) 13, A), % —A0,

WEEHITHELICKRZ D, FEEHZ I ENTERY, ZOMERBRTNLEBRINTZDH,
RD §622A Tt 2 MVHYID B ZIETH 5,

6.2.2 (IBYID B ZEICLBERTHEREDAE
KE2 %, (0,0) OMBEIREE SN > FHICEDZESNLEBRE N4 TR D 823 i,

ZEEWL W e TRERL, ZRIREXDEDMMEE 1/2 ZTELE S ZeHTES, Tht (Az,0)
DONEIZHZ7 VT F THREINLEBEE THIE20PMMEY D EZETHZ, Zhick-T, [
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T = T >
0, 0) 0, Ay) ©,1,)

6.4 (0,0) & (0, Ay) DEEICIHAT 2 0015 £ 7 > 7 FCHIRS N2 BT, 07
Y7 FE Ay HICABITH B LT B

ESIN7 7T HE DI NAEIREZ, RE D Tldk< Dexp(—in/2) = —iD &% 5%, Zht
(Az,0) DNEIICH 27 > 7 F TR SNLERZ THSERBEERD LS GRS S,

2

Az sin Ab,
‘—iD + Dexp <—i27rxSl;\1>

Axsin Ad, Axsin Ad,
= [—iD + Dexp (—i27rxSl)I\10>] [+1D* + D* exp <+127TQCSI;\19)] (6.2a)
~ DD* + DD* —iDD" exp (+i2nAkyAx) + iDD" exp (—i2wr Ak, Ax) (6.2b)
= 27 + 2T sin (2w Ak, Azx) . (6.2c)

X (623) 25X (B2H) 0EHIE, Af, DN WET sin A, =~ Af, TH3IrEIVTWVW3S, K
(628) 27y b L7z0H, KE3 (b) [pBI] TH2, ZHTED A, DFERTFATHZZ e
EST2DTH 5,
6.2.3 XIEHSD Ay AEDX LA A, DRIE

B2 2B W TEBIFESRIEMIIZ (EBRICIEH DBRVDEDR) #HiLTwd &35, RKERPSD
MEDZL A, &, AIBIROARTRT 7 v 7 5% Ay FIACIHEREIXE 5 Zickh, A, LFIT
JFHTRHEST 2 2B TE S, Af, 2T 2550 (E10) B X0 (6220) Y3 5%, A,
WZOWT, UMD XS ISR TE 3,

2

Aysin A0
‘D + Dexp (-izwysmy> — 9T + 27 cos (21 Ak, Ay) | (6.3a)
Aysin Af,\ |2
—iD + Dexp (—1277y81§\1y> = 27 + 2T sin (27 Ak, Ay) . (6.3b)

X (638), (E30) 277 7ic7ay bLAEOPKESA (a), (b) TH2, MEI tKED 2 KT 3 L,
[|A6,] > |AGy|], [|Aky| > |Aky|] T [AO, >0, Ak, >0] BXU [AG, <0, Ak, <0] TH3CZ
LD 5,
6.2.4 EREAW [(Az, Ay) DERK

X (609) £ (620) TRINZBRTHRBREDS S, TOMEIEX1EBEDRTIRI T VYT FTHFHIE
FTIHEE NS EERETH 2720, Zhd 21523 (6149) [p6d] &R (62d) »HELGIK Zeick
D, ZNZNORBBA7Z T EMHT 22 TES, Zh2hD 0.5 5% % FEEH L EEER RO
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sinAf,
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6.5 (a) (0,0) DRBEIEESIET > TFE (0,Ay) DRBEICH D Ay AIZD 7 > 7 F THIAK
EhrBETHINC X2 THHRE, (b) BEINLT VT FIZELLBROMEL /2 BbE T
& X DT HEE

BI(Az,0) 13, RO ESKESHD,

I(Ax,0) = Zcos (2nAk,Az) 4+ iZsin (2r Ak, Ax) (6.4a)
= Texp (i2rAk,Ax) . (6.4Db)

MRk LT, R (633) OIRENK 7 % FEERe, X (E238) OIRBIN D % BEFIC RSB 1(0, Ay) 13,
KD Eks51cEKENS,

1(0, Ay) = Z cos (2r Ak, Ay) + iZsin (2r Ak, Ay) (6.5a)
= Texp (i2rAkyAy) . (6.5b)

Az 77E Ay FTTEANOIRBEINZ 52 5 Aky, Ak, 3EHHISHTW20OT, I(Az,Ay) 1&, RO X
IIREINBIITTH 5%,

I(Az, Ay) = Texp (i2n Ak, Az) exp (12r Ak, Ay) (6.6a)
= Texp [i2m (Ak, Az + Ak, Ay)]. (6.6b)

6.25 NTRITUTTONEMDSDX LI &K B REREMIE

RIKDS <5 ES 7 > 7 F DN F1c b 2 BB MM S L2 BIRIRES T, 752 £ ) ETD [p.53]
(@,@x(ﬂmﬁjism,7y%%@@§ﬁ%«&mmwammmm,AkQ:JA@+A@)@
RIS s f(AK) E72 D, EEUCTWEFCRILS A2 TR, T = sf(AK) Ty, Ok 512, Jelilid o
Nz ZATHRTTEILITR5,

§62R [p.BY] T, KIGEKTHEI DT RI 7 FFDESED, 80 cm EWHI/NIRHY A XTHDBZ
LICERT B2, AU RICER TSI OB L 25 KKy i LT, KBoRERESIERICK
XWHTH D,

HECBR L2V Ty THD, T =sf(Ak) Ly, 238 (BBH) ICRAT 2 2 210k D RORE
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0, 6, 0) (Ax, Aly, Az)

6.6 RIEZEBREHTDAIRS 7T F

5%,

I(Az, Ay) = Lprgsf(Ak) exp [i2m (Aky Az + AkyAy)] . (6.7)

6.2.6 BELIAELHDDDHZKEDOER

AT §620 [p.6a]-§623 [p.5d] DFLkH 5, IO ERIES S DFATHERE, 20D K57~
THTRELTHHEERZE 212X, BROME L,y & Ak,, Ak, ZRIETE S I 0ho
7zo LA L, Kk o OBERENE I Ak, Ak, OBIETH D, T,.0(Aky, Aky) ZHBZ 2
DEBEOBRHN TS 2, ABRDATRT 7T F% Az-Ay HAK 2 LA F v > LTHRLAST
WA T(Az, Ay) 1&, Torg(Aky, Aky)sf(Ak) DEBITE > T, RO LS IHEKZN B,

I(Az,Ay) = / / Torg(Aky, Aky)sf(Ak) exp [i2m (Aky Az + Ak, Ay)] dAk,dAk,. (6.8)
Aky J Ak,
L7ehioT
Torg(Aky, Aky)sf(Ak) = / / I(Az, Ay) exp [-i27 (Ak, Az + AkyAy)| dAzdAy.  (6.9)
Ay J Az

A (B9) &, [(Az,Ay) 27—V BT 52212k D, KiKD S OBWIRE NG T,y (Aky, Aky) %
FIRETE2 2 2RLTWS, NTRT 7 VT FONlD &K E SN TZ, sf(Ak) DED/NX
S7zD, BRIRE»ANE 5,
6.2.7 TERTFHHCLZIXKEEEREL TOEHA

§621 [p.B4]-§628 Tldikamx HAlc T 2729, REPKEMIICEFELTWS 2 LTaRlBL %
2, FEBRICEEBRTEHOARI RS 707 F 0 HTBET 20 TId R, RIKOHEEEIC X > T
Az-Ay 2% % Y[R URZE2, RIEQIORT 7IUERFEOLS, HE7Tm & 12 m D 66 5D
RIRG TV TFNERZ, 2HDRIRT 7V T FTRELLEBERETHBIEIDLITHEH, 20
HABRDEIX 66 x 65/2 =214558D B 5,

X BB 12X (0,0,0) & (Az, Ay, Az) ONEICDH 2, 2EDT7 VT FHHNTDH 5, e,,e, X, KKk
WIRDMNWBARZ ML THD, RIKOHI» SR 2 & Ave, + Aye, 13, HEEENZ X 5T, Az-Ay
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R6.7 7A~YLEHOMEGTI (HARSARM R — A= kD)

ZEENCIIERH 221X b, RTRT 7T FONMEE, TEZZIRMELRL Az-Ay ZEH%E A F v v
THEOCEHBELTRHEZATVS

MEBD2HEDRIRI 7Y TFTREINZBHICE, RITRLEZXSIT Az BT OKKAE
Bhbd, THROBEDT VT FTRIESNZERKIZ, MHD 2rMod(Az,\)/A ZFELTWS
Mod(Az,\) 1%, Az 2 A TEIDELZRRTH 3, 2rMod(Az,\)/\ ZIFHitHrEN 2 2 & &i,
21 [1 — Mod(Az, \) /N ZINHEPED Z e L FEMTH 2, EORTIRT 7 VT FTRFLLBRONM
% 2 [1 — Mod(Az, /N ZFESETHED 7 T FTRELLEBRE THEE, 52 1/2E5
BTMHEYIDBEZE21TS5, 2oZrickb, (0,0,0) DMECHZLEDT T F 5 (0,0, Az) DLEIC
B %D Flizz T ETS 2B TELZDTH 5,

6.2.8 EEOEKRFSHE

EROBRETHBIHE, BEPOLBTEDRTRI 7 T FTHERINTWS, §621 [p.6d]-§628
[p.6R] TR EWEMICT 2720, KEPKIEKCH > THIRVHDOL LTEHR LA, Zhiid hig
2V, EEORMIIHEES) T 5, 21l Lzk 511, TNZFAMALT, Ar-Ay AFx v iR
BT20THb, IHIWRTRT T VT FIMHERTEIE % 30 THEZER (Ax-Ay ZE/) 2R < 2
FrUTETRIZRINTOVEIEELH S,

M B21%, FKFVDTRAHBEICERIN 7 L@ HOBNTHHTcH 2, HEEET IR
REBRT 27D, THEHOTRT 7 7%, YA, HMALMAPAHRE Lo TWwd, KE2
[p.6d] BXUED [pEE O &5 KHIKEZHEVWTWSHIFTERZL, KEB D XSO Ex R ET
255 LCRIEEBRET %,

BRTFWEHCHWE TR 7 VT FOEREI—RITERA — P h SR RA— L TH S, Li LA
And b, REFEEAINCH 2 KIGEHIHOEBR TS0 I KT 7 v 7 FDERI, b?#smt/
FA—PLTH5, MER [plM O X512, Thz 84 BEEL, 5~10 [arcsec] DIFREZF TV 2
Lo L ZHOMEAX 2020 FFDOEEZ D o THT Lz, %rﬁ&¥ﬁﬁ®ﬁﬂﬁ%tt6%wzwrb
T, KEGOHERIIZEDDTRKEV, NEBRARIRIT 7y 7FO8E, MED (f) [pB3 0 L512, £
RICKERRTIDPEL 2, Tb0B, BERT sf(Ak) 23, Jllp» oM TdREL RS, ZhEFH
LT, ZEMIREOALEBRDOAELRND ZRKEL L, HBEZETTVWEDTH 5,



70 6T EETWEORE

6.8 E LT H BB O KGER TG, OFE80 kY FA—FLDRIKRIT VT 84
HTHER I T3 (Wikipedia £ D)

6.3 RMDERTFHET

6.3.1 TILIEEHE

FKRF VICEF I N7~ EEEE, OB X2 16 km OEREEFICHY T 2 BIKTHET,
66 D FKRST7 VT FIZIDMEEINTED, Ny Z7AVFHEEFTD 10 FOMRRELHE > T\ 5,
7272 L 2 OfEEIE, 1.3 mm OFEEZHWEGEEOHRBETH D, BRTHEICOBENCEL 2HEE
THEIEEYFRA=PADLET A= P LOREDERICH LTI, KRELIMBBRENEDL IR
5o RKIEH» S DERIE, HKEH 40 m ML L7 e RO BHEEICKFH XN TLEY, 3 cm DURE & 2R
R OIKZETUTINE AT L X 5,

X 672 [p.BY) 37 A~ EEBEDMEFEETH 505, BAF VD7 ZHHBFEICERIA TS, 2
AR 5000 m DERTH %, I VIKIIKIERIC X 2IUINDE LWz, EEDE T2 LA
AHINTE XN T,

§60 [p.B3] T L7z &k 512, 5 ecm ORI L TUE, 7 F 2 7 KXEHME S O 100~200 mm
DEHEFEEDIRBE L DRV T D, 7277 U EES 3B SR AR 2> T, REED
BFR2TTZOERZIHET 5 Z L IETERW,

6.3.2 BREKEHRTHEH (VLBI)

BOE DEN K SCEDER T 2 BREAMER T (VLBI) &, HASIESZHENS 2 & 5 IChE X1
T2 ABDRTRS T T I oMREN BT TH 5,

BT ORE L, HRE (7 R7 7y 7RO 2ELT23Em L2508, BEPE
(R BIEEMRL T % TG L FRE, MHRES T E2ERT 2NETIER L, RIS K - THRIN
REFERZDITHY, ZOMEHWITREINATIRETD %,

FRFMER TIEN (VLBI) 0%, HARAOHE ZbICERINIRTIRI 7V T F2RE, HiR
£ 9000 km I2d BIRERERFEED EiFz, ARV - KFA4 XY - FLRa—7 (EHT) TH
5, FEBIE, ~NUA, XFTa, TRUB - TUIYFMN, ARL Y - I AANXNR, FV - T X
B (7 VRS, MICER I N TR T T FEERLTEEHCE D, MST SR o
HINSFEEST 2 77 v 78—V BN, 20194 4 AT Lz 75 v 7 R—NVDIFEE, 74
Y a XA YO—BENEECE D TRl h, ZACESWEFEKS I 2L - a vy fTbhiTw
oo BIETTHIZATORZEBY DOV Y ZIRDERIE SN Z 26, BHIKROEEEE WV,
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BIANCIZPR 1.3 mm OERPHAV SNz, BRTWE OMGEIERREIES R ZI1ZY, ZLTHK
EOEL 82188 k5, LhL, BRENRAR21IY, KEIFEL L2 ILERETFHIES
LA HEAMREE R LS, COREEERRLTCZDO 0y =7 b ORIIPBEBR L 72,

6.3.3 2020 F£D ./ —RJLYBFEICDOWT

2020 FED /) —~NYHEEE W, HEMB I OCBEINICX 2 77 v 7K=L ORI L TE x5 hiz,
SEHEZ, AFXFVR, AvI7RAT7r—FR¥OuI ¥y — - Rou—X, FAY, v IR -T2V
THIDITA VL oYz, 7XVH, AVITANV=TRKREDT7 Y RLT « XX TH o7z, 2020
ED ) —~VERY - BYE, ) —VIERE, ) LB OZER I8 TH o7, ¥Rk
B 3HDBLNETHD, FIACBI2ZMEOREOKREXD, HODTRMEINDE L kol

Rya—=F, 74T a kA O—HBAENEER» S 7T v 7R ILORFEZ BRI THIL,
1965 SRS ZNERER L7z, ERMTOYHEEL LTHIONI AT 4 =T R —=F 7%, T7I73v7
A= L OB ISR E L FG LT\, 2018 FFICHEE L T\, J —~VEZEIZR S 7%
ol

TA YT 2R PR ERR L DX 1915 ETH o120, 74V akf4 Y AFIET
5 v 7 R— VDI D W TIIERNE 572 Ry B—XFEFETHH D, 2BEONECEmER
Ba v —X - X401 2L, ERHRTHRVERES (B 212 LG 2 2 ¢ 2HRmNCT
L Tz, HERGEAE 1984 FICEBRICHA S h, EREOX =21 - >z b b= T, 2011 F/ —
NULEEDNGZ 5T 5,

oz SR, ROJNBRFOHFLICHZ DTATHE A (WTEA 2&Z—)) Z28HIL, Zadk
D 400 HGDERZ S DT I v 7 KR—INTHD I Z2RXILDT,

TV 2 S APHGEICH WK RERIMRETH o720, oY i, 73 ) IFERSCEFEDOEMN
KTHHD, ANV - ARFIA XY - FL2a—7 (EHT) Ik 2B ZARREELZ 5 X TW5,
2019 £ 4 AW EHT 12 & o T S e MBT SR OHNCIFIET 2 77 v 7 Rk — LV DHEREIE, KGD
65 5D H2LHEXNTVS, BNMRATHH 22 00bbT, BLOFED MST BREMNR YL L
TEINT-DIZ, ZOERERICES, ZHHDOBHNCED, IXTORMPOFILIIZT F v 7 KR—L
PEETE2HDEZLNTWVWS,

2022 5 A, RDOJIBRFDOHFLMCHZ TWTHEA*(WTHEARX=)] DT T v 7R—NAPA XY
F e RIARXY - FLRa—F 12k, BHIZNTz, MSTERFICHEETZLEZLNTVWE T I v
R—E, FRO XS ICRKONEHOBEZ 1,600 f5bH 2, NWTHEA(WTEARX—)] 07Ty
7R —APEEI LIS I NTzDIX, MST SR < (1947 ) 2o KMo BRIETH D, 1 XY
FeARITARY - TLRA=F ORNERTBANRE LT, BHOSDTHokkdiZBbhs,

6.4 F&

1946, ~—F ¥ + T4 M Ko TERINBRTFHBEZ, 70 FUU L2 BER BELZ Rl
THYH, THHEORELRAEEERIBITH L VR 5,

KIEHFET 2 BIKDIREDNAD, Ak,-Ak, FEMOBBTHL I 2EZ DL, Av-Ay DEZEMT
DHERRE 7 — 1) TAEUC X D WZEFNRE LR A3 e TE, 200 £ EFIc7 -V
WX TERINL 7 =) 2 E BB, SHERBEMEHRZ DL TOVAIFHITH S L WA 5,

ARY P KRIAXy TV Ra—7 (EHT) 12L& % M87T HiAI D7 7 v 7 5k — )L O BN LTI,
2020 4, ZANL b - T4 YT aRA Y - AXAREZLNTED, ZhdbEl/ —~LEDOHIE
flizZeEZLNTVS,
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HERENC PRI N BIG7200 LIdiADs, FERBICERZR W LIREII & 1 2 OB ~100 E L Eo
FEHZESTZZ2@EBLOL I TRV, 70 LB OESICZNZTOARZ2ET 205
THb, ZDHZRW LB, 77—V & w5 200 FLL ERNCER S NEEED, DT
HHEREEZH S TWS Z 2 IIFEVORMIZ RV,
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73

6.5 BRrEZE

6.5.1 Az-Ay AF¥ v >ORREIZDOWT
b5l B BB XF vy F3ITXRICONT

e DBFRCHER L 72D T3 2 §621 [p.6Y]
DEFRDOERTVET OFHECHZ M 2 R &R < R
Xy YIBLRPBEINTVEGEND L LFHE N
THDOETH, HICAF Y VHARBELRLS AT
RUIAURIEICBATEZ R VW B oD TTH W
MDIZDTL & D D%

E51.2 E%E

0%, Ko (), (d), (e) [pB7 LR Mz
NHEHDG) ZHEZeNTEET, £HITHED
B, §23 [p.M] Witk Lz & 51, BHEL/z4hnm
7T L OARGEREETESZ b, KBTS
HENDD £7,

F9, HEMrWEEoBERIcoOVWT, FAEE
WHEREADEC TVE T, KEPHSPREDOKREK
BEY XA ETH, TS IFEZEM 0GR
DEIIKEZET, ZLT, RAROFUIIFET
% BECEMN, RoJIRA D 6 < B 7z 81 o
HED L AP TET, 2o 2ERTHEICHRE
ATEESTHELET, ZhoDERED, F2EM
DEEPE S DI DONTIE, BEEPED £5, KBK
D IR D 0z 2 e o M EZEB OG5 %
, MEBOBIE WIS LE T, BilLLRH
53, RIKEEIHZEMOGZ e LT, INERE
HBLFET,

621  [pBa[-§6273  [pB3] T &,
Torg(Dky, Aky) ZRD B DI, T KF
TYTFE Av-Ay Ax v U3 bikame LTVWE
To Az-Ay ZEREMHS PICEHEMTHZ Z e h
5, BRERL AF v VI REBRDITEZERMTH 3
ELET, RIKOAMZERWE Az DEIZOWT
¥, M BT [pBY] IXRT XD ICEKDEET A
ThHbh, FBIE2BEREOMAEHENE, §622
[p.BR] ICFR L= BDTH, Rikh s Rk
WHET 27V TFDIBERD 2 O%EY, 2
NS EHERNY ML Az-Ay HIBRD HIEIC X -
T, Zlbd 20w L £3, Az-Ay =z Y
NZTAN=FE20ICELTX, 7T FO»

ZNEZVEEEMCED £, TS
B 66 FHDDNTKRT T VT FTHREINSD
%, ZOHEBIELDET,

7 VT FOBMBY IR CERTEE OGS, T
THIHERB ORI 5 22tk D, Ax-
Ay ZERICRESTEREEIK, ThEf> 2
MTELHDEEZOLNET,

6.5.2 HERREOEFRFHHIOVWT
E521 B BEOEICE A ZERTHTISE
BTEXTh.

RO RI 7V TF YV VI XEZI N
TEZLWVWI XS5BT, ZOHEEN
ELWwWed2r, fIZZHALAXVR, 77
VA, XF¥2aRCOBROENCE 050, A
THEHIRD X 5 EL BN TR T VT
FEILEV XY, HATEZ2IETEZD
TL & 22
5.2 E%E

§632 [p.I@] WCELIR L7z A RV P+ R T A X
7L ZAa—7 (EHT) &, ¥ X CHERSIBL O+
EIRAR AV = 0

NLERE TR LB 2 alsk LT Ficik
L, FBIE2L VI 747713 1970 F4H
LIFEEL, BfELRBZOREESBRE T
£9,

6.5.3 AKBERFHHICOWVT
6531 B KBOEMZ&HATZDH

KIGOBHNCIZH 2 THEEE Ry X8, #HIT%
JRTF2E 05005 N LN, RALKRSZEN
DROVDIEZOD2DTTH, R 387 oiFEME
DPORABYZES I BVWET, T, KED
fAZBHIT2DTL & 5%

532 %

9301 O KIG BT IBENE, 1969 425 & Bl
ZHIIAL, 2020 4, EHEZEIEL E Lk, BE@
MM B &k 2Bl T 3,

FALE 2000 4ELH, BRAILZ#HRL TV S DT,
NIRRT DEPWPNIVWEHFZILLTESZ 0D
FIHICKDICIR L E Lz BX— Aot

A= M NVEDRTRIDPEROH, HWEIL D
RREETNEERTHHEZE e BVBNMLE L, K
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(DM R Z 2 D0E, FRRRPLHD FH A, X BMEDVNZ N E W ZEB OB ORIFIIKE &

BT — ) BB WE TS aka— R D¥ET, MED [pE3 EXITEH T, FEZE
TRHENNBDTEH, FEMBE 7 -V LW BTN RIOPFEMTEIREI LI LW,
LCHiZEfBz2R X5 3256, EEMOE  TFURPEHREN 7 — ) TZMORHMT T,
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BTE
1THDERE G

7.1 1T5DOR&E

T90E, AH 7 —%ITEINCURTZH DT, N7 Fvd B WIEEED 1 RELOF D, B — X5
ROGR, EEEMAE (EEE/EAEX7 FLVEE) Oftil, DIFE 3 DOH®ENDH %,
7.2 1THfEeESER

H 17 K o135 A ¥ K 17 L 50175 B OiCidtE, H 17 L 51D1745] AB=D »EHKT X
5, M WCRT LD, ENENDKTZ ank, br, dn [h € {1,2,--- ,H}, k € {1,2,--- K},
le{1,2,--- L}]. 52k, dy EX D ORETH > 7TXRZ by, FIRT FLOERENRS b LD
NETREI NS, TRhDE

dhl AB hl Zahkbkl (71)

LU, ATANDO 0 FATIF— IS SHIERNI B D S 72700, ZAUITRIC §IC33 [p.BO) ISRtk 35 & B D
TH 2,

FEABANE—CI T 5, LT M FI01T5 C D ILfTH m (m e {1,2,--- ,M}) FIHOEEZ ¢y,
a1 @12 v Gk v K biu bz --- [bu] - b
a1 Q2 -+ G2k ccc (2K bar  bap - |bu| - b2p
(@i anz - anx -+ ank) ber bk cor |bw| o0 ke
ag1 agz -+ Qg 0 OHK b1 br2 - b_m‘ - bk

din diz -+ duy -+ dip

doy dyp -+ dy - dop
: S : ; he{l,2, H},
S| F O F e iy e ke{l2,-- K},
dp1 df-Lz oo dp| -0 dar ’ le }1’2’.“ ,L}}.

dg1 dg2 -+ am - dHL

7.1 fTHO»TE
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3% (AB)C @ hiTH m fTHOESR [(AB)C],,, 3XD &5 IEIHTE %,

—75, BC @ k {7 m 5IH D% [BC|,,, 3RO &5 CFHETE 2.

L
[BCl,.,,, = Z briCim.- (7.3)
=1

L7Ai5>T A(BC) @ h{7H m {THOHE [A(BC)],, 13KD & 5 1FHHTE 3.

K L
[A(BC)],,,,, = Zahk (Z bklclm> : (7.4)
k=1 =1

X (@) LR (@) 3, kLT EF Y A= 2 Y OIEFE ANEL LRI ROTRAETH S, L
T2 o TROFEEIEIAHL D V70,

(AB)C = A (BC). (7.5)

7.3 17HlIC & B 1 kEHoEEid
7.3.1 ZRuOEERRE
TRTTAEEREDFTINCEE L Cld, 55 0% §I28 [p.a] Tl L7z & 5 ICHEBLCEE (4 Y 2 FH) &
ZOWEZHOWTER T2 dTE S,
TRICZEM DRI N LI T BV (z0,y0)T % 0 MR X BT (2f, yh) T WKEHT 2175 R(0) 1<
X0 (@, yh)" = R6) (z0,10)T DESIcEKINB, ThDD

xy \ _ [ cosf —sinf xo
( Yo > - < sinf  cosf ) < Yo > (7.6)

(z0,y0)T DHEBD T 1%, 1TRZ "AEHINZ MIVICEZ BB M ERTEETH S, LOR
BERD &SI RENS,

xy = (cos f)xg — (sin 6)yo, (7.7a)
Yo = (sin@)zo + (cos ) yo.

X (@) BLUOKX () 13, N2 2SR UTHHATL2ZenTES, M2 T (20,y0) TREND R
%0 B AR ERT (x), yh) WS 2 REZTDBRTIUION, e, & e, FETNZN o 8, y BT TFAT
THWIERTZHMART ML TH D, €, e, lde, e, &, TNLN O LTI EI BN
FLVTH B, (x),y)) ld e, & ey TRDEIITEKENS,

= (cosf)e, + (sinf)e,, (7.8a)

e/
y = —(sinf)e, + (cosf)e,. (7.8b)

e



7.3 ATANC & % 1 RZEH O (4
y
A
e, S
" 6 e
Yo 7‘ ;
ex
Yo
0
7 > X
X0 Xo
7.2 FEREOD[EEL
(xo,90) & 0 72T AR & 72 PEAR (20, y,) W ERD K5 DEIRETE 5,
Toes + Yoy = To€, + Yoe, (7.9a)
= ¢ [(cos f)e, + (sinf)e,]
+ yo [(—sinf)e, + (cos)e,] (7.9b)
= [(cos 0)xo — (sinB)yo €,
+ [(sin B)xo + (cos O)yo] ey. (7.9¢)
+o (CE) 3 =(9d) &b,
xzy \ _ [ cosf —sinb g
( Yo >< sinf  cosf ) ( Yo > (7.10)

Lot () i&, X (@) LALTH 5.

X (M) DI DROYIT -0 LEL ZITED (20,90)T % —0 MR X ¥ 2 KDF75] R(—0) 155

Nz,

- cos@ sin ¢
~\ —sinf cosf )°

R (CIE) HEO 1 13#50%, R (CI0) HEO T 3R RT, &

NEZATHITH 5,
AT E L35 RORO) " = R(O)"'R(O) = E $%bb

cosf) —sind cosf sinf
sinf cosf —sinf@ cos6

< cos? 0 + sin? 6 cos@sinf — cosfsinf

el

cos@sin@ — cosfsin b sin” 0 + cos2 6

(7.11a)
(7.11b)

(7.11c)

EITH 23T 2 A% A

(7.12a)

> (7.12b)

(7.12¢)
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E
1 _ cosf  sinf cosf) —sinf
R(0)"R(0) = ( —sinf cos@ > ( sinf  cosf (7.13a)
_ cos? 6 4 sin? 6 —cosfsinf + cosfsinf (7.13b)
~ \ —cosfsinf + cosfsinf sin? § 4 cos? 6 '

= ( é (1) > (7.13c)

SEETHIASHTHIC B 3 A TAIR B AATH L\ 5,
732 TRTEHITHIOITHIR L5

a; %, i1TH j FIHOER L T 57751 A OFFFIR (determinant) % |A| 1% detA ¥ idds
b,

detA = |A|
— | oo (7.14a)
a21  a22 ’
= a11022 — A12a21. (714b)

AR A R TRVE &, A OFITH A~ BEET 2, 20 A R EAITHIE WS,
A7, 7o kU EDFELRD XSRS N5,

— 1 a2 —a21
A= —— 7.15
|A| < —aj2  an (7.152)
1 _
- ( 422 —az ) . (7.15b)
a110a22 — 12021 —aiz2 ai

Lot (TI8) 13, MTRD kS ICHRTE 5,

AA-L = < ailp  ai2 ) 1 < a2 —a12 > (7.16&)

az1  G22 a11G22 — A12021 —a1 ail

1 ( a11Q22 — Q12021 —a11G12 + G12011 > (7.16D)

a11a92 — 120921 a21G22 — Q22021 —G21G12 + (22011

- < oY > (7.16¢)

A LA = 1 ( Q22  —a12 ) ( ail a2 > (7.17a)

a11G22 — (12021 —a21 aii a1 Q22
_ 1 11022 — Q12021 —a11012 + A12011 (7.17b)
a11a22 — 12021 Q21022 — Q22021 —a21012 + G22011

= ( (1) (1) ) (7.17c)
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733 MEEIEL 2 BEAOARDIA
SRR o BEX B I EIES ¥ 2575 R(a) £ R(B) O»FEERHET 2 & R(a + §) 713
5H% DT,

_( cosp —sinf cosa —sina

R(B)R(a) = < sin3 cospf ) < sina  cosa ) (7.18a)
[ cosacosfS —sinasinfS —sinacos 3 — cosasin 3 7 18b
~ \ cosasinf+sinacosfB  cosacos 3 — sinasin 3 (7.18b)
[ cos(a+pB) —sin(a+pf)
N ( sin(a+ ) cos(a+p) > (7.18¢)
=R(a+ ). (7.18d)

X (CIRB) X (CI=0) O 11T 1 HHOERLZWLIZ 21724 HOEROLLE, BXX 11725 HD
BEERZWLIZ 21T 1 HIHOEZ DI 5 XORPEH XS,

cos (o + ) = cosaccos B — sinasin 3, (7.19a)

sin (o + ) = sina cos  + cos asin . (7.19Db)
¥7, X (M9E) 8L (CIUB) T, %2 —[FIKEZRZ 2 ROXDBH{ELNS,

cos (v — ) = cos accos B + sin asin 3, (7.20a)
sin (v — ) = sina cos f — cos asin . (7.20b)

N (9E), (C198), (20d), (C200) &, =ABROIMEEMICIZNZ 58w, INEEHIX, §T21
[pB ICRR L2k D, A4 7—DRARe Y R EHOUEEFIHL T BEHT 222 TE 3,
%7, X (OW\@) T, B2 alCEEXHRIZ L RORMBESNS,

cos 2a = cos® a — sin® a (7.21a)
=1-2sin’« (7.21b)
=2cos’a — 1. (7.21c)

251z, A (CUH) T, % o TEZMWZ 2L ROXMMEHND,

sin 2a = 2sina cos . (7.22)

R (2m), X (E2) 1, =ABEKD 2 EADOARIIE»I ROV, 2 EAD0ARKIE, §TC22 [p.a] 125
ARL7zk518, A4 7—DRXe AV AFHOMEEZFHLT EHET 22 b TE S,
7.3.4 ZRTTORHERE

ROATHI M(2,1) 1%, (20,y0)T % x HINC 2 55| I TATHITH 3,

M(2,1) = ( - ) (7.23)
M(2,1) QT M(2,1)! &
M(2,1)" ! = ( g (1) > (7.24)

M(2,1)7" £ M(2,1)" e M(2,1) 1&, EIZFFITIRRN,
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7.3.5 fTHIOMIEICIZRR D T4 WRHER

BRI —RIT D L7272 2 8 2R Ti2id, D 0l O e D THREIX LW,
Frazhbr 33 EABOEAOEE (1, )T, (-1,D)7T, (-1,-D)Y, ,-)T TthsrE, h
LDHIRZ MRS R(r/4) (R s 45° [Al#E X 8 247581) 25207 % 2 IEAEE (0,v2)7,
(—v2,00T, (0,—v2)T, (vV2,0)T ZEA L F2EAKE RS, ZHUT M(2,1) ZErShF5 L, IE
T EHEEBEDERM 1 : 2 DERICR S, —T7, BRAIDIEHTEIZ M(2,1) ZEro03 5 L, it
DHEN1:20EAHICK S, AU R(r/4) Epo»riTs L, 45° HOEARE R 2, XoT, 17
FD 23 F BATIE— ISR RNRE R D S 72700 Rt E 2 5 2 2 TN I3 SHIERID R D 37053,
ZHUIRIR 2 BIT D B,

7.3.6 =RTTOEEREE

LHFEREER e-epe, BDHo/ %, e, e, e, DADICINLDOHD + FAD & B TR
(D0, 6,, 0, 773 EEEXE 38MER0,), RO,), R@,) &, ZhAZHRDO LSRN,

1 0 0
R@#.) =] 0 cosf, —sinb, |, (7.25a)
0 sinf, cosf,

sinf, 0 cosf,

R(6,) = 0 1 0 , (7.25b)
cosfl, 0 —sind,
cosf, —sinf, O

R(0.)=| sinf, cosh, 0 |. (7.25¢)
0 0 1

7.4 1THIC & BEI—RAGENDEDD & A

7.41 3EII—XAEBERDITHICK B350

2 BN —RAERDFHEICOVTIEFHZORETEBELTED, XD TR T 2 H0E XV THA S,
3 CEN. RGN, BRADEBIICGGERTZ2RAKDODIICHN 3 TH 37280, T Ihobildbzihd
%o 4 e Loy —XxpERicon T, (8% D §02 [p.0a1) 1Zidik s %,

3 TCEN, — RGN, 3 x 3IEFITHEFHIRT bAZHWCTRICRD XS IZitdhEh s,

ail; aiz2 ais T dq
a1 Gz a23 Ty | = | d2 |. (7.26)
az; a3z dass z3 ds

Lo (28) crahd 3 EN—RITERIIHEAEER (ai1, a2, ai3) / /a3 + a2 + a?y TR
R o OUEBED d; / /a2 + a2y +aZy O 3ROFHOHEXTHE, 22 Tie{1,2,3} TH
%, HAL—RXAGERDOMRE, 3SMOFHDORRTH S, N KT (N > 4) O#—XGERDS
&, N ZOrEVFHORZRERD S Z itz 5,

742 HOZRDBEZEICES 3 EIL—RAERADREH
7221 BIEDOHKA

A ADHEEFICHT L BEIZ R WA, ZOHORABRDHRIC LU FfRIcOVWTHN S DT, i
D70, bLITLIDHESHFELORMARMNITEanH oz X, T2 ANE L TRARTICE a b
BWE ST 2, LIRS ITHIORARTIIZE a2 NDT, ZOEEH Y ADEEERIRD S T
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tTa3ay,as,

12,8335

Ta;;aa33

7.3 3 x 31THDITAIROFE, ELELSAETANOPIE (F) 377X, HGLErSETADD
I () 3~ A FRTH S

25 5,
X (CZm) Da;; & dj TROXIREEZGZ 5,

—2 1 4 T 12
1 3 -3 z | =1 -2 |. (7.27)
5 1 —1 T3 4

Z2.2 175X DR

%3, AL e Tt (ERIfTHITH 2) 2 e 2D D %,
aij (i,j € {1,2,3}) #EKL T2 3 x 3175 A Of7FHIX |A| &, KD &S 52603 (K3
ZMH),

|A| = ai1a22a33 + ai2a23a31 + a13021a32

— 11023032 — 12021033 — A13A22431 - (7'28)

N7 bv (aﬂ,aiz,aig), [Z € {1,2,3}] X, qzﬁo)ﬁdiffﬁ%fgi%ﬁ‘, quﬁtﬁ(ﬁﬁﬁﬁ‘%%j%é\,
FHIRIEE e 272 D) — RIS,

24723 FiEEE

ADEMETIE, RO XS5 IATHIORAMKS & £ RZ T a ThRWEE D 3 x 3 {751% Eh
ST TOL, FEHED BRI, FAoTFlEAaRT e X i LicZHEEZ RS L=
TINCER T2 TH D, D 3 x 3FTHNDEIHLDHINZ MV EMAT 3 x 4 1750% 1
%, ZOTHRIERFEEITIE VS,

A 3 X 3ITANRENL ST TTL, $F, 11THD 1/2 8% 247HICMZ, 11THD 5/2 %% 2
fTHIICMZ %,

1 00 2 1 4 12 —2 1 4 12
1/2 1 0 1 3 -3 -2 |=( 0 772 -1 4 |. (7.29)
5/2 0 1 5 1 -1 4 0 7/2 9 34
RIZ2THD -1 5% 31THICIA 5, THbDH
1 0 0 —2 1 4 12 —2 1 4 12
0 1 0 0o 7/2 -1 4 |= o0 72 -1 4 |. (7.30)
0 -1 1 0 7/2 9 34 0 0 10 30
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22.4 BROZFREE
AU ZADHEEIETIE, MIENEETo2be, ROFTRTHERAZITS 22k EoR
(30) FA LMD 3 x 31THIZBAITHNCT 2R EF %2175, LaL, X (E30) UL/
3x3MTHID E=AITHITHE e 2 ERT DL, I —OBMRIAEDD %,

KENDFNRZ bV (21, 19, 23)T AL 1R (C30) HHEEERTERDLS IR S,

-2 1 4 1 12
(0 _ )()(4) a1
0 0 10 T3 30

FoRZ, x5, 2, z1 DIEIZ, HHIEITIZDTHZ, T74bDDL

x5 = 30/10 = 3, (7.32a)
(7/2)zo — x5 = 4, (7.32b)
(7/2)zy —3 =4, (7.32¢)
2o =T7x (2/7) =2, (7.32d)
—21’1 —+ x9 + 4.’,12‘3 = 12, (7326)
—2x1 +2+12=12, (7.32f)
xy = 1. (7.32g)
A (323), X (32A4), X (E328) £
Tr1 = 1,£U2 = 2,1’3 = 3. (733)

X (C30) EADTHNE E=ATHITH 555, R [p.&d] @ X512, BTN R=MAITHITH 3
Y EE, Y1, v, y3 DIEICAEZRDZ Z B TE 2, OHIC §CAA [p.BH| Tiih % LU 2fRIC & 5 fig
EDRaV 2 — Rk 3HBETI VLN DIE, REITRLZE S CE=ZATIBLOR=
AATE R L1718 b 3 2N — X AR, R (E32), X () p&a], BXUR (Ia2) [p.&d)
D &S RFIETHEIRD SN0 5TH %,
425 HERKA

DUF#BRAIC O W TERT 5, R (30) Hicxf LT, 117H% —1/2 1%, 317TH% 1/10 53 %,
ERAS/9)5)

~1/2 0 0 —2 1 4 12 1 —1/2 -2 -6
0 1 0 0 7/2 -1 4 |=|0 772 -1 4 |. (7.34)
0 0 1/10 0 0 10 30 o 0 1 3
3TTHD 2 5% 147HICMZ, 31THZ 217HICINA %, §72D5
10 2 1 —1/2 -2 —6 1 —1/2 0 0
01 1 0 72 -1 4 |=(o0 72 0 7]. (7.35)
00 1 o 0 1 3 0 0 1 3

21THZ 2/7155 %, bH

0
2). (7.36)
3
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REREIEE

1 =1,29 = 2,23 = 3. (7.38)

21THD 1/2 5% 1 {THIIA %, $72b5

1 1/2 0 1 —1/2 0
0 1 0 0 1 0
0 0 1 0o 0 1

Tiabb, XD XS IHEPFLNT,

0 1 0 0
2 0 1 0
3 0 0 1

743 LUDRICE S 3EI—RABERDEES

R () [pEI) LD 3 x 3174 &K (230) [p&I) LD 3 x 3175IE VT hd AT HTNT
1 O R=MTHITH 5,

3x 3ITHNCIR ST N x N ATHNC LU 0 FEST 5 & %, ZhzHuwTHE—XAEXZ2HE D
Db ot bEETHRINTVWEAETH S, X (C2) p&I 2XDES5CRT LT 3,

Ax =b. (7.39)

3% (C29) [p&I] /50 3 x 3 1751% Ly, 3% (30) [p&I 80 3 x 3 /741% Ly L &< &3t (T29)
[p.BI] &3 (=30) [p.BI] TIT-> TWAHEIHEEEIE, XD X5 1cFH T 5,

L2L1AX = L2L1b. (740)

LoLiA 3R (£30) p&l 488 X U0RX () AU RT3 E=AGHTHS, %
U( =LoL,A) v e R (D) 1, RO &5 1c#IT 3,

Ux = LQle. (741)
M L [: (LQLI)—I} %, EhohPIEERDESICK S,

LUx = b. (7.42)

) (7.43a)
) . (7.43b)

9 Lol 25lE T2

~
QU =
I
N DN
o = O
=]

1 0 0 1 0 01 00 1 0 0 1 0 0
-1/2 1 0 /2 1 00 1 0 }J=0 1 0 —-1/2 1 0 (7.44)
-2 0 1 2 -1 1 0 0 1 0o -1 1 -2 01
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£oT
1 0 0
L= -1/2 1 0 |]. (7.46)
—5/2 1 1
Ux=y. (7.47)

LEWT, R (2 [p&3] AT B
Ly = b. (7.48)

L i<t (720) [p&a) %, b ot (C21) [p&1) HlERAT 5 &

1 00 n 12
(1/210>(y2)(2). .19
—5/2 1 1 Ys 4

Lo (TZ9) O, y HSIEERICRD 5N, Thbb

y1 = 12, (7.50a)

—6+yp = —2, (7.50D)

Y2 =4, (7.50¢)

30+ 4d+ys =4, (7.50d)
y3 = 30. (7.50e)

OV a—&R—IZ X BRIEREE, —IchIREeE D Bl s 325, R (29) 380175
AR TRT 1 THS772H, A (B0) T, »IE, EIOEZ 2ELH1T-o TV, —fRic
K7D N x N O R=AT5ITH 258, THORARIHTRT 1 THS L, MERDZICH
h N BEOREEITORL THED, 20k, EHICHEERDZ N TE S,

R (cz2) H:02, R (o), (o), (o) 2RAT 2 ¢, R (C30) [p&2 L RALRORIES

h%o
—2 1 4 1 12
0 7/2 -1 z | =| 4 |. (7.51)
0 0 10 3 30

J:@ft&i, I3, T2, I1 0)“@:9(@4:50:@@6760 Thbb

x3 = 3, (7.52a)
(7/2)xe — 3 = 4, (7.52D)
o =2, (7.52¢)
23y + 2412 =12, (7.52d)
21 =1, (7.52¢)
Lo,
1 =1,10 = 2,23 = 3. (7.53)

D KD IEHRD 5Nz,
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1791% LU 73 L CHESL —RGRBER 2 <R D713, bot dEducziioFrRe LT, KM
R — XX R BRICY, kBRI TV,

BN LR DT & D b AEAROMRINATINE LU S 2% 70 —F 53, O IMSL

(International Mathematical Subroutine Library) %, ¥ — X7 7 A AR TR I ATV S
LAPACK (Linear Algebla Subroutine Package) ICHEINTWVWADT, ZNbZHWVWS L KXW,
LAPACK D34, ?GeTrf (7€ { S, D, C, Z }) T LU %17\, ?GeTrs TEZER®D 3 D2 —fRINT
BB, ERDBEREELY, SREFEE, BREERE, HREERIOSEIC, 2h2h S, D, C, Z %
ST %0 [Ge) F—BATHNDOLZE T V203, THIORAEIISTC T, ZOMAEEZLILITED
SOICEEREEZITA S Lo ICa—FEATWw3, THl2—HLU 2L TH< &, K (=20) [p.&]
DELDHNIRYZ AT IDET 2551, EFCERICHEEFZ N TE S,
WITHIE RO THL &, —RAENcHERD LN X5ICBA 2P, ZOFHEE N2 H (N iX
TFANDRITTE) O THREEITS. TAUI LU 7 X D RERDE S & R I AW, fIBAED
BIEAEZEFM e L TWBIIEETIE, #7512 RD 22D T TatEE21TS Ll IEhTL %5,
744 HUZADHEEZEICEZETIORDTA

REITIE, 3 x 3{THIDHTHIDORDTT 2GRS 5235, 4 x 4 T EDOFATHIDRDITITOWTIE,
#k B §03 [p.023] 125k %,

9, E¥an A, G950 E D 317 6 FIOIKRREATINRE S,

AU ADHEERE, WTHIRFEICDHVSNS, 3 x 3 DIERITTH A W75 A~ 24D 2
DHEFEEZHVTRDZ Z B TE S,

E % 3 x 3 DHA{THE T 5L

AA!'=E. (7.54)
FoRX (C32) oI LT, 25 3 x 3 DRLITEIEP T T X
EA™'=A"1 (7.55)

DIKIET 22 L # BEICERLTO L, A, R (C20) TRWEFIEMES 2 2 1cd 5,

-2 1 4 Tr1 T2 I3 1 0 O
1 3 -3 i oy ys | =0 1 0 |. (7.56)
5 1 -1 Z1 Z9 z3 0 0 1

RN 247515 R (C29) [p&1) 225 (230) [p&I) NOEFBICHWZDDEELDDE V5,
raviw: BTIp:HEEN
59, X (M) [pBI LKk, 11THD 1/2 5% 247HICMA, 11THD 5/2 %% 21THICHIZ %,

1 00 —2 1 4 2 1 4 1 0 0
1/2 1 0 1 3 -3 = 0o 7/2 -1 1/2 1 0 |. (757
5/2 0 1 5 1 -1 0 7/2 9 5/2 0 1

Kz, R (730) [pEI) LAk, 247 HD —1f5%, 3fFRICMA %, Thbb

-2 1 4 1 00 -2 1 4 1
( ) ( 0 7/2 -1 1/2 1 0 ) = ( 0 7/2 -1 1/2

0 7/2 9 5/2 0 1 o 0 10 2 -

O O =
O = O
_— o O

0
1
-1

O O =
= o O
— O
p—

= o O

(7.58)
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2322 F1T5DFRAR
X (IB8) GLOLEMD 3 x 3TN E=ATHTH 2 Z e ZFMHAL T, §ra24 p.&24] DX
(C32) [pB2) kFAkICHETHIO 34TH, 217H, 1ITHOIEICEXR, RERD BN TE S, {7
HD LU g7k 5 T0iuR, @5 oFHE b mhic EMNTED,
243 #iRXA

R (33) [pRY) LAk, 117HE —1/21%, 3478% 1/1045% 5%, Thbb

~1/2 0 0 -2 1 4 1 0 0 1 -1/2 -2 —1/2 0 0
0 1 0 0o 7/2 -1 12 1 0 |=(0 772 -1 1/2 1 o |.
0o 0 10 2 -1 1 o o0 1 1/5 -1/10 1/10
(7.59)

4= >

(Rpene

N (33) [pB2] elAkkIC, 31THD 2 5% 14THICMZ, 31THZ 217HICMZ %, T72bb
2 1 -1/2 -2 -1/2 0 0 1 —-1/2 0 —-1/10 -1/5 1/5
1 o 7/2 -1 1/2 1 o |=(o0o 772 o 7/10 9/10 1/10 |.
1

1 1/5 —1/10 1/10 0 0 1 1/5 —1/10 1/10
X (T30) [p&2] LB, 247H% 2/7T 55 %, Thbb

(7.60)
1 0 0 1 —-1/2 0 -1/10 -1/5 1/5 1 —-1/2 0 —-1/10 -1/5 1/5
(0 2/7 0) (0 7/2 0 7/10  9/10 1/10)(0 1 0 1/5 18/70 2/70).
0 0 1 o 0 1 1/5 —1/10 1/10 o o0 1 1/5 —1/10 1/10
(7.61)

O O
O = O

X (32) [p.&3] L ARG, 2 TH®D 1/2 8% 1IFEICMNZ 3, ThbDB

1 1/2 0 1 -1/2 0 -1/10 -1/5 1/5 100 0 -—1/14 3/14
(0 1 0) (0 1 0 1/5 18/70 2/70)(0 10 1/5 9/35 1/35).
0 0 1 o o0 1 1/5 —1/10 1/10 00 1 1/5 —1/10 1/10

(7.62)

Shbk, X (5H), R (50) [pEE IKBF3 A~ IERD kS5 1k i,

Tr1 X9 I3 0 —1/14 3/14
A=y oy oy | = 15 9/35 1/35 |. (7.63)
Z1 Z9 zZ3 1/5 —1/10 1/10

7.5 THOBEBMBCEBANY ML

751 EEEMNE (BEE/BEARY MLEE) 0OBREHNE R

B ERE (EAE/EEX7 bLEE) 35H, ERBFEOTLNEEO OO TH S, ZOME
PETDTEL LDIF 18 HALET, A4 7 —3 ZHIIDHATLZEND—ANTH 5,

EH RN Teigenvalue] W5 KA VEETIMIN S0, ZORBERIICHVWIZDIEFA Y
DEFZEL NV FTI04EFED I THoTee 7V TIE, ANV MDOEZZRITTVWS, TNL -
S LD X MEEHRAER L0, 2] 1931 E0 e TH 3, HRIIciedlizE51, v
T2, HEFGoMEmLSEAEME TR NS 2\ S DR 5 Tz,



7.5 fTADEEE L EG~XZ b v 87

752 2 OEEERE (BBE/BEENRY MLREE)
2 x 2T D EEERMEIFXD X S iIciih X b,

ai; a2 T -\ x1 (764)
as1 Qg2 T2 zz ) '

BARNCBIEZ AL TREI L TA L S,

2 2 I . T

(1 3)<)_A(> (7.65)
(z1,22)T = (0,0)T FHHLDRMETH 275, TNEEHNZ FLEEELRV, FOREFRD LS 12D
T3,

A—2 -2
A=2)(A=3)—-2=0, (7.67b)
A — 5N +4=0, (7.67¢)
A—4)(A—1)=0. (7.67d)
RN (CBZd) DRI,
A=1,4. (7.68)

A=1%2RAT5L

(2 2)(2)=(0) (9

.%'1/%'2 = —2. (769b)

A=4Z2RATBL

(2 7)()-(4)

ri/re = 1. (7.70b)

A (o), R (CB9), R (Cm) ¥, R (C65) OEEME/EERZ M AMEORETSH %,

753 BRTOEEERE (AEE/EENRY ~LEE)

N x N 1750 EHAEMEZ 2 x 2 75O EEERE X D&MD, BT R<ks, L
2L IMSL %° LAPACK ¥ D54 75V —2i%, EHEMHELEENZ bLEGFET 272003 71—
FUPHEINTVWS, N x N TFoEGEREE, ZhszHWTHIERLZRD 2 ZeNTE D,
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7.5.4 X EEHEMNEINIEROESERRE

FERZVLUIETZRIGEWHERETTO X oK 0 rilil 3 28 5m e LTI, 1917 £ N0 M
Ko TEMMNEGZ 6N B], 1931 FE 57V TIZ Ko THRMEI N 2] oL h-F v THEEDS, FRHERGR &
LTHWHRTWS, 1917 FEQ T UL R DOFXICD 1931 FEDO T 7V T OFMXICH, T o DA EH
HRIETH 2 2 WS S —E7 0, 1968 4, T UL k0 80 o ItA H e & L THIl I 1z, 1%E
HIZX 2T 0L b-F T ZHERD 3 — ANOILRZ R L 72# 23D % @], T Teigenvaluel
EWVWIEEIIHT I R,

X SREEM R ER DS, (THIOEEMEME Y LRl X5 2 & ofefik, EHEOHBMRD, 1965
D Saccocio & Zajac IZ X 2FXA A, 6], R TH 2, THUHL DL LTI, 1967 FIZHIZH
EFRD LR e fRIFIC & o THIRX Lz 3%, 41, 6 K7 — ROV Tk L7ziwXX23H % [d], Joko
&, ZOMXOHRENZERICERTEL Ko BRI hTw3, ZOFRDIRITFIUE, X#RE
BEFICBE$ 20781, BUREIEE > T02d DI > TWiz e Bbh 3,

X ME I FHROMBIIRAEIC S, SRMEK, MR, SAERR, HHIES, BT6ARE, ©»
TFEREMSZ S WD, o OHBELHICD TEAEME/EERY Fr) WS FEIEES LRV, i
FANCHAE R & JA K Bt E LTV 2 B2 T EER O BRHE1E, 2001 FICHiIRENLT7 7 v 2D 4 —
T 4TI K BEFEELLEONSED, R 500 R—=I U LD ZOKREICD TEEME/EHEXZ L) 20D
FEDTR V. BT — ZADMRNTEMHAANCRTH D0, 2T —ADHEEDO—FITL>TZD
BEENPHEEINTVED, FJVIRI NV MILoTHRFEE IR TV XS, PR 2K —R
O X REHTEERO MR TIE, ZLAYEALND Z DR 72D TH S,

EE AR, Mo AERERL RO BEET 2 2, MERAKOR I —RINcGE#RshTtw
%o TN F JITEAME (FAR- M vosroR) (O, 00, 10, 12, 13] D770, ZoZrd, X RERY
B2 DR T RINCEH SN B ITEE > TWhRY, BEYEY ) O#BRye LTABEZERLTY
275, P BrEOMFUIBINCHER DK, TONHEFARI L ODBEREIZXD TEL %,

ARG (FAR- b Yot oR) PREREINZDES 2 S ERT, 1962 FFDO 2 TH B, [9)
IOV AT THEGRHERINT2DN 1931 2o/ 2EERBT 5, Z2hr s 30 FU EEETOD
ZE&THb,

TV b-Z v MG AR, 7 — ) 22T I N A EMARRERICH B, ZHUTDOWVTIE,
5% 0 o §0a B,
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76 BRErEE

761 HIRDHBEERZEICDOWT
611 B BEIHLELIHES DD

AR E D BRI N — KRR TH D
KDL TRELLEE WS DDA -> TV E
L7 ML THD EF), ZHIES5HE - =0
HEHERPHRBRACUTVS LR L /20T,
FLHDEDTL & DD,

7612 B

Web THRR7ZDTTH, AU RADEEEIR
XHLIEEFEICLTH S, it LzidEHEDIZE A
YTl MERFACEEEZTUIEERLX X
e EWE T,

772, —HBORLHFICHEITE - TED, M
LiEICIE, HUA-PalXryOEEEL 7R
DHEEELR DD, MEZEZZDDOE VI L
BHHEL,

HO AP a LR REX, LiZh L &RIIDITH)
ZHRNATINCER L, RiEHEE e BRBRAZRIC
B %2 EDTIAToTHEDRVWE ST, HV
ZDMEIECE L T, BANCAEAOITHI LD
FIR7 SR =A1TH% 00 % Z &2 & D i
HEZITV. BEIOITHE NS & 20 B72
R TRV ZFO LI LT (FiEH
K)o 20D, E=ATHRMIH T THRIE
WELOITE % BAATINC T 5 Z 2ic & » Tk
KDE T,

CO#EFERRD a4 [pR2) 1T, WiIENEE
1Tol=dbr, DTN EZAITHNCH > TWn
5ZEFHALT, BrBERRKDTOL HIEKL
DOWTRR L TVWET, ZOFEKRIIOVWTHY
AL VDIBH Y F8 A, LU D%
WAFRIH L TH Y RH [GAEHER) O
TREROWDPEWVWIZIDPLET, 'K T5) v
5 DIFDVWIIR R EF & TTAH, 200 FHROFK A
12 LU I X D g% KD 2 DI —FNRINT D
5, WS ZEERLEDTIERWVWTL & 95,
EESH, Bl 212 §aa [p.BE] @ & 5 RFiE T
TH1% KD, ZNEHLOBEHIDFR Y Fizh
F5, tworRhHFarva—x—-oruerss

LERTICY 2o T, BLHRINTVER A,
N TLOITHIcREN B N H— KGR % L
WH=D, WITHIDR D> TN TH ZhEHUD
FIRZ ST TIREZRF 212 N2 Blop T HE
BREY 72D, LU SR Xk 2 55X D b IEN%R
W2 BDTT, ZHTHHTH%RD 2 FEITH
LTiE, ZHAucd LU Dz v 2 FiEs R X
NTVWET,

NFFERAERRICRER O a7 5 3 v 70
HBREER LD D 3, WTHIDER
BEICLEN-T, ThEHELUERSES 70
T LEEDIR L E Lz, DIEMTH 7212
HEDLOLTHMIDSZETHATLRE, ZOMH
DEATIZIR > TE IR T2 D E L7,

613 8 RETITFOERZRLTHLL
()}

LAR—-F2ELERETIE, THOBOET
Fi L, MEHLIED X3 WCRHITITAIO LR %
RLTREVODOTL x5
r60.4 E%

BoEEA,

REHBLIE (I ADHEERE) Zitidd 365,
Web EOFHET, ERGEATHNEHER D 5
T35, 2WwHidE LTw2d itz
AEDD EEA,

ZHE T OPFRCEATHLS %
BERLT, A TED T %2 250dic L
¥ L7ze AV RDOEERFFHEIIEFICETT,
772, 20 PRI WHEATLES b EHiLE
(T RADHEKRE) OBBEZEATLE S LW,
WERBFEBATH O N K2 BT % 72D DIEFHT
FIRBA CRlib L& L7z, REHLIETIE, To
AL — XTI E S 175 % 200 % 4
ERELTVEDRE, 2W0WH IR EhRnTL R
W,

7.6.2 SHREOMEAICOVT
62.1 5 1757 DfaEEIC DOV T

RFEWCEZEGZRDO D 2 EMTIZ RO TT 2,
TR L S HETETVWERA, 22T, A
IR R ED D AUIBA TV ETWT T,
gD S Lo D A THERY 2 LT &
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BT AT OEE L ICH]

WODTL & 9 D%
75622 E%

MEHE» 7525 EEa P a—&—
TiToTHH, ZABERTVWET, A, 5
5RIE Web DFLETIT> TWBDTYTD, Uk »
35 INEROBEL T HNERA,

Web FICIERBUCIFET 250 HE, FEFICHED
EWEOICEZFT, HOENHEMEFICIH L L
3, FACIZE X FRA

M EAERRE D 2IFhTn /0T, #ERE
KR L THEERIGS D2 Db HNERA, L
PULBIE, 41 Y& =%y POZEMZILRHHE
RPLIMET 2 Z i, FACE o THRLUWERIC
BRoTWVWET,

763 HFECWIRICOVWT
763.1 B SKREHICOWVWT

MEARBEER) IZEDL5RDBDRDOTL XS
Do Fiz, ZOBEE X BRETYHEZE LA O 2
HoHFRclk, ARLRERTHI VWS 2 TE
ALWVDTL & 5 2%

7632 E%&

oV b-Zy iR AR, X AREHT
PIE DR CIZIER ICEELRHERT Y, M
WEMTH2Z e ZRLZDIFRATT, (803 %
I, hznHEAERE L Mo R Tl
HZHHTY, §C5a [pES| & §14 [pem] %
S L TLIZEW,

B&Z 30 F4i, BAEBDOMHET—<L LT
BAZOD, X Oy b o —i e RXEt
Hl, zht X MOLEEHFMET L, 2OV
Ny, REDREFD & 5 ZEBRT L7z, FA,
2003 FELUE, @AM E 2 — RATHRL, 2
NxEfgEljzdnrsunrsss%ka—- KL, EBTE
DIELEZFLE L7, KED [p.aa| (a) & (b)
X, ThEnEER e MR OMR TS, FAFE
RTZ2ETEZHOBARERIDD FHATL

T X ottt fmta >y br—1Th,
I VDDNIZHE 1 AEICHR>TWELR, L
D URR7 Z 2z, FADSBHIA L 72580 & 13 5%
BEPOERLRD, VORI E DTk - T
LEVWE L/, AT O THRAHIZES N

X M, X RREHTYIEE DR EL, & 20
FEORIZO Db LR, MBREDOVE DIZ
BoTLEWVWE L,

EEBIFEDE 1 NEOWHATEIE, <IEoirwv
MR NS ZIZR2DTL &9, HLwn
BWiEd b 92, RO2HBRNWILETT, %D
DONAE, ZHEEF oML FE T 077 4% KRR
WKLT, Wb ZAFETWEITY, MATD
MR TEMNE LA, BERERTICIIS
MERF, THROBEFEED 7 — ) ZRB O
SHEIXHE T & 2 Dz, MAEMAEEETE RV,
WS BN H D HEE & JidnTuE s,
K Fofbmicxt LT MR- 2 $H5E Lk
LA, "Ny S e -2, 1985
) —~WEFEDPEZONTVET, KD
IR & O X7 BRGEIC L TR, R EL
72o RMNEZ TN DIERITHRD D ANETRTEZEPZ
HIEEZTVET, RURTBEEMINRE T
WFFEE ED S I L B SN TV E T2
63.3 Ef YR BEORERHICOVT

VI BRI DR D DB D DD L ET
A, TUTHHEF#HI L TWARVWZI WS D
&, 20 &SR DANCHZSFEEL TV
DTEDTL & 5D
763.4 E%

JESIZH 2R T K O R EICIE, AT
WEWEFEOBEREASED EIFTLESIZED
Wi eFo T KDV E T, 1924 FICEFIHFOD
BOIDFBIEEIED LT Tent oL Rz
Ot b TF, WAHED B 7EEmE 5% FvwT
AR TE 20T, ZoBITHIIFE Xidhd k5
WKhEDELRE, LaL, ZOMEmEIED LiF7eY
RO ICIIATAI O HFR A2 <, 1TF 2 W S R
HHATHED EFTLE->7=DTT,

A2 2B TH BT L TH, BESL
DD TIEY 7= DATO L S WEBEhTnw5s Z
Lk, YHEYEDPERL TR/ T, #
BB ENTLE> TWAIFETTHIEI SADH S
EVWET,

BIZIRFTEREEE WO 2 HRH D 3, 1970
FRLBVET, ZOFFHIEIRAT, 71 —F
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VIAT 7V —DRfEH AT DT L, X2 D
K, H2ERETOWERERDE L, av
¥a—X—0RENE CPU OFE, XEY—K&,
N—FF 4 A7BEBIZBWT, BXZ 5 EIC—HN
DR—=ATHELTWET,
EEEMEE VWO EED, FAZY I -5 5
A7) =D a7 EHLIEIZXoTHID
F L7z, FADYEER S 5 20 UL E4E E e NGE IS
EoT, AYV¥a—X—TZDRE/I VI Z
i, 252 HMEIT ORI -7TL XD, A
2 o T, BN TRTT, BNEIES
NRVHEERE WS DX, HERTH 2B R0 -
e ES5DTT,
INLVERTITIEWVSREANTE ST, 2
V2R =PE5HDO XS ICFRIHZ2HDT
3L, ZHZHFETOHORVHDTL,
SHTZ%, avta—X—0DFITNL—FF
475V —oHZEREMEZEL 72D —F
YBHY, EEMELEANRZ VISR

WWRODOLNET, Zv TR VL MY TEGER
ETHEZeEREE L RELF-oT0E
T, RICEGEEBETH 2 2 ZFBMLTVT
b, FOMER/ONRPoT-DOTE RV, EED
NEF, Aparva——xy V-2 %H
3201, HREZTORTFIELZY
V=BT, SORRELS ZZFICAS
bOEMNIRTIEICKD, ENEDHERZFHE
WEBZ 2N TERGERHZDTT, KA
DR ZR2 Z e iiflo T LTH, av
Yo — X =D EIRIFES 2 H7E, BUERNCET
U, EWVWSEZHTHLOWHEGREES 2
DTELHDTT,
ZhUE, ZEEOBEIADEZTOLZD
BAHEL VI RRICBOTHNWZIE Y
T3, T DilFESR T o 7 FHHIEA %2
%, HAE [pmmy X ## CT(Computed
Tomography) &, 2> a1 —-&X—2H3%
RRTRVWEERI Lo 72L, HOE
[p.] xvrr77 4 =&k, L—H—-0D
FHIC L > T, HPEDHT R —AHEXL
RO THEMT LI IZRDE L,
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The next page is the begininng of Chapter B
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E8E
ERFEERYT 25N

T 2R T 21X Do C, TREWRTFZERT 200 LW ZehREL DGE, RVDEE
KRB, R (ED) H2VIER (BD) LS HRIRTVT T v FOEHERE VS 0B D, Robdr
SR Ttg T S NHZEHE) 2 b DZMATERLZLSTY, MR TFEBD 2 DICHMERNES S,
WS T EUIFEDZ DA,

UL, A2 2 o o KEHEDERICETEG 238 %, MED O X5 RIEMIZ
CAERAREIC R > TLE S, (MR KICRHA Lz X512 3 U LEDOZH 7 — ZOWMFEANODE L KA
BIrolzDiE, REIAPEFICOLIRTVICH2bE T, Zy— 2 LT, ZOEREIEL
W7o iERT2d0 e bz, £/, BEAEMEEMRITICBLTY, ZHOMEE, =2
=R 14, 15]) £ LTEREMINTW2d00, ZhEERLLMIANE, 1ZIFED,

L — AWML, RED 83 ICRIRT 5, WHET L T UL b ORGP OEEHEITTL B,
TR EDEL ETOMAZER L BREN RV 2, ZOEREOYNEELEFERD &L S
WEZ %, LoL, BERERERLZRY ML OEEEZHEEST 2222k D, WS FIdMiIcHEEcs
%, WX, HATICEHAR L, =T, ZXRed 7 — ) OIS HDETH 5,

KEIX, 75 v FORPEME, 79 TORMEED, 00 b DRSS GERTF AT L FEROD
KREWCDZ L) LFETHE I HRTILICED, HETFLVIDDOPOPICEHHEINTERSINT
W2 0EEil 3 5,

FEmIIEZ DORFMEICIE U7 IHIRRID B 2 23, #imk B3 5 729, HAMROFICTEET 27 FH
OEeOT, HEA VWb LTHERT 2

8.1 TIvIDREIEMt
KBTI, 77 v FORGPEMHERTRTH 2. ZORE, BROVIOHUREC HBRENTED,
XAREHT 20 5 B2 BRSBTS 2 0ICHL TV 5, 75y Z70&MHE, UFoRTiddans,

2dsinfp = nA. (8.1)

X% B4 2 HFOM OB B o7 & (WET BARONHBIH LT, 7L —0RONIIZ, |abl+
Ibe|= 2dsinfp ZFEL, ZAMEEDEMIETHIUL, HVICEDES THICED 75 v 7 RS
2, LV LOTHE, d =d/nDE>12, MTEMBEERLELT, XOLS51CTRT 208 —
BT B3,

2d' sinfp = \. (8.2)
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ZIT, BN LT 1 OBMZRITLTITAIS, AGTALREMIE, 5L TELVDES I D,
BFHEPHED LS ICEB L6, HEDEZ?, ZRTIRRE, HFICK 2 REIAGA & oA
CRRDIED D He M FEDNRT 72 TH, RAZOMNCEZ6NRPo7D T 2,

8.2 SUIDRYIEML

7 TORFFEMHE, 1912 4, F v (Max Theodor Felix von Laue; 1879/10/9-1960/4/24) %3
XHREHT & WS BIRZFRA L 722 E12, ThZEBHT 572DV &MAT, B2 2S5/ LTRD
KTl h s,

RoB — ARy
= ‘RORl‘ cos 3 — ‘RORl‘ cos o (8.3a)
= ROR1 81 — RORl *Sg — no)\. (83b)

so & s1 1, AHXERE KB XEROEBHRIOHEN T L THS, Ry & Ry B, FizET (BT
M) ThoBHe, BoXike 7L —oXozx, X E3) ALk 512kD, ZOrnEROEEELE
THBLE, fRy & Ry KEELXNZKEHRDE S TIBET 2221k 3,

¥ 25T, MRy & Ry MBI TATH 70, RoR; WCE RO & 5 BIHEED B 3,

fTRi =nza+n,b+n.c. (8.4)

ZZT, ng, ny, n 1%, EEOE, a, b, c ZEAMERY "V THS, ThbDL, 7VIORHE
fTix, EEOBE, ny, ny, n, KHLT, X (BR) FLDOMED, BEOBEHMEGICHR SR TIRLR
Vo M Ro & Ry EMRMETFHTHS 205 2L 1E, &R (B3) BB50 5 ny, ny, n. OHITHL
TRDVRTNIR SRV e 2 EKT 5, X (B) LLDMEIZHEAR, RoRy-s1> RoRy -sp D& &
DT, RoR, -s1< RoRy -8 D ZADMTH 5, MED 13, BERMELTHERLTH 2,

%7: RoR, -s1= RoR, -0 Y8251, Ry, Ry #Y 3L ATEBIIFTHSB, = OEETI,
RoR; - s1= RoRy -so £ 5 &5, Ro, Ry Z#EELTHHAT 5. vi2i#W, [AR,| = |RoB|
DHEFEEZ %, Ry, Ri BEURY 7L —DHEIREICH 5 & X, Ry, Ry & & OHENCEE 2 FH
MH2ETT, COFHLEOYXOMNETHIELINTD, XEREFATTHS, 2O LiE, KPHFETK
W3 oex, AFAEREANECICKRI2EHTDH S,

77y FORFZMFTIE, 5, ZOFHLEOY I THELEN THIRBOREIDVF LD 77 v ZH%E
ERT D, ERSINZT 7 v ZHIIH L TANA L KA CTHIUIHBEENLFE L THS, W0

\ m\ m
() 1 A A
a} O
A N NIy N N
o/ v/ \b/ \ W \

8.1 77 v DRGSR
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X 82 T vIDRESM

2 XD &5 27, R (D) [po3] BV LER (B2) [pH3] I2& D 3XTHOEN 25220
M7y TORRFEZNTHZ, IRz 2K (BD) [pa3], X (B2) [p.H3] oF#KICIE, 1 WO
Wt U TASTA & KETAREF LW EE X 2 &, EBAETEY, tvS 1 20tH & 2 ZotH ofif
FUEDPBATNEZDTH 5,

T, ROHANDMEHDI=D, UFDZ e 2FELTHEL, X (B3) Oz XFROBERE N TH D H
LT, ROR%E{Z LD TE S,

PTR; . (le - SXO) = ng. (8.5)

ro (&3) Faic, X (BD) [p.oa) ZRAL, ASHK e REEDOBEBRZ Pd, Ko=so/A BEK
Klzsl/)\ VGZ@E) Z t%%%j—% Z, ﬁ@ﬁ?ﬁ%—%%ﬁéo

(nga+nyb+n.c)- (Ki —Kp) = no. (8.6)

8.3 INIFDOREEE

8.3.1 INII FDEREDERR

X B3 [p.a6] &, WS TES O L W8T Hyp A5, T VL FERBEICHEK > TWBIRMZRL T
%, PlX, BERZ PV Ky & Ky OHBEOIHMT, T30 MROHFILTH B,

IV + DRI RE, WHETHEHANRT bl a*, b*, c* ZERD LI WCERT DL THDH
LR

b Xxc
o~ 8.7
a a-(bxc)’ (87a)
cxa
b = —— 8.7b
a-(bxc) (8.7D)
o+ _axb (8.7¢)
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8.3 I L FER

X (B2) O%fta (bxc)[=b- (cxa)=c (axb)]iX, a b, cZHr 3276 HIKDKET
H% (Mb3 [pbad Z2R), LOEHRRD2S, HLPIKRDIEDBNVR 2,

a-a* =1, (8.8a)
b-b* =1, (8.8b)
c-c'=1 (8.8¢)

6 bxcld, b, c 2T HTINIEOHEBMORE X 2S5 b & c T L TEERNY bl
LTEHRINTWVDS, cxa, axbIZDOWTHFAKLRDT, XROZ L bHALLTH 5,

a-b*=a-c" =0, (8.9a)
b-c*=b-a" =0, (8.9b)
c-a*=c-b"=0. (8.9¢)

Fxbb (88) [poo), X (89) AT 5 & 512, 2k (87) [poh] Ta*, b*, ¢* 2EFRLEDT

b5,
h k1S (hkl3BE) 25220 TRZ Hyy 2328, OHpp 3—RICROATEI NS,

—
OHp = ha™ + kb* + Ic*. (810)

22T, O RHBTEATH 2, KA OHBD, hbd P, AHEOREAZ kLK 25 Ky = PO
CRBERBINILNRTH B, fmEOHEXE 20, AFXBOHFMEZEZELZIEZ0 L TNl MER
% O B POICEES®, 2 ORMSIHT A Hyy B0 o728 %, Ky = Oy ORFEHEL, R
(m) & KORAH D 30,

—
K; — Ky = OHpw
= ha* + kb* +Ic*. (8.11)
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I (BD) [p.oa] o/4% 2 Hick (B1D) 2fRA L, X (BR) [pom], X (B9) 2EEL T, X (BD)
[p.Oa] EHZFHRELTAL S,
(nga+nyb+n.c)- (K; —Kp)
= (nya+nyb+n.c) - (ha” + kb™ + Ic*) (8.12)
= ngh +nyk +n.l (8.13)

nah + nyk + n &, PHLPTRETHD, TV b OREEN GEEF AT UL M ERORENICD
52k) Mil-andrE, K (83) [pod], X (B3F) [p.ag], A (BW) [p.HE] TEREND TV TDRHFSEK
tDsliileEN b, ThbbB I VUL MDREEM L 70 TORNEMFEFEMABDOTH %, TITRLIELD
W77y ZJORGFEEE DEMTH 205, TDI LIFRD 832 DFtik T, X DHL2ITR S,

77y ZOREEME, KED [pH] 25T 52T, MEICHRTE 3, 7V TORIENE,
75 v ZOREEME L D MRS h, KB [puE 2BHT 22T, REVEBTES, Thbe
SEfliZe, W W T LW b DEERT SMERIEZRAL L DRI L FTH B, Wik T L iz
B, MEmFEOMEEE X 5 LT, IEHICHEARY - e %, XED [p.oE] X B2 [p.ag] 2T
WTIEEMTERTERVWEETD, SEMMICHEE T2 T UL MERERIC 2 2 THlBUICHEFTE 2
b — 2D, RSB SFET 5. UL b (Paul Peter Ewald, 1888/1/23~1985/8/22) 1ZH{E
ZHRLELET, IR D XS5, WK T L oL MREERT 2 HHE2 ROICERT 2 RET
H3,
8.3.2 WRFARI MILETSvIRSEDEGR

EIAT, M TFRY M VRT Ty FRETEDERRZ bT, K (B2) pa3] & d DHEHOEZ %
FfoRZ ML TH B,

ZDZr%, UNOFARTAEAT %,

no = ngh +nyk +n.l £ (BI0) 2F@L T, (BI2)=(RI3) LB e TRORIMESLN5,

OHpp - (nga+ nyb +n.c) = ng. (8.14)
[inpANA 1/|OHhkl| DT T
H
M (npa+ nyb + n.c) = —2 . (8.15)
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— R FH O FREREIRD LS ckREN 3B,

[BAERRAR 7 BV - [LEANR T S V] = [JEAD & O FREE]. (8.16)
Lo T (BE) Tnpe{---,-2,-1,0,1,2,---} TH 3 Z i, MR bl nza+n,b+n.c

%%, HRINE d' (= 1/|OHug|) TER 275 v Z RSN FIcb 3 = EAiEhk bRV, TRDB KT
2 ML OHp &, KEEAL/d O, 75 v VEEGESY FATHS L bbb,

8.4 IS—DERIALIS—1EH

MEA X, 3748 h k177 JHOBGZRERTKIT, M FICOWTERARLZIZIETNTO
FRFICHERINL TV S, ZOERIEE, I 7 — (William Hallows Miller; 1801/4/6-1880/5/20) 12
FoTERINLDBDTH S, LHL, IF 19 MHHOMEEE (LW XD BFYFE) THDH, X
BXMEHTE WO BRDBHEAINZ T o LRNCHEE LA THZ 2 i, BEEET S, I 7—1EK%
WIS 2 X BA [paa] 72T, FERICK 2 XROEHTZHEL X 5 &3 5751F, 2<LEd sk,

X &A [p.ag 1IRTH A, B, ClZ, a, b, clli bicd b, KO »oDHHE a/h, b/k, ¢/l DT
Hbo h, k, | BVNIRERITKR D a, b, cliliE, HOWBIYNITHLTERTES, LWVIDHI F—
DFHATH 5,

h=00t %, AR FER>POEREICHD, FH ABC I, afilic FTTHd, DI kid, A
Bt boif, iCtcDcNLTHRKTHZ, 72, h=0,k=00Dr %, [ A, BOHEREC
HYH, ¥ ABC X, afliy b T TH2, 2O, k=0,l=0DZDbilix cHli, BX
Fl=0,h=00rZD cliit afiflict L THFKTD 5,

h, k, 1%, WHETFOEBIIENROZVD, ZOZlX, I7—DHEALSMATEDDH IR T,
bhrolzZ e THb, Vil ABCIX, 75 v ZHIVATT, K O 2o il 75 v ZHEN d 12
FLL KD, TOZ DRI D EHETH 2205, URICERT %,

R EA 5, AB=—a/h+b/k Thb, AB-OHpy &, KDL >ICHETE 3,

AB - OHpy = (—a/h + a/k) - (ha* + kb* + Ic*)
— 141
— 0. (8.17)

L755C, Efft AB 25 OHpy = ha* + kb* + lc* BETH 3 2 L 2lph, M, B
BC 5 & UE# CA M LCHEETHS = L2 b, Tl ABCIE, HHETF~2 FL (BEAZ F L)
OHpp = ha* + kb* + lc* DG TH B 2 L 2bn 3,

%7, COZ kb, EAO 550N ABC 2 TOBEMIZAZ ML OA, OB 2713 0C & PHEoH
FIIERRRZ PLONFEIZ L D koD &1,

— —— —— a —
OA . OHhkl/|OHhkl’ = E(ha* + kb* 4 lC*)/|OHhkl’
—
= 1/|OHp|

=d. (8.18)

Fieo k512, I 7 —DERIEDOERICIZ, 27 D BRGNP ETH D, EREA PR D N#ET H
%, KB DEXKEZRS EHL, BEMNICEETH S0, ZL OHARTFWEHINATHNEH,
kO 75y FREZHEL XS5 WO T, EL#D sk,
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8.5 HBERrEZE

8.5.1 WRFEANRYI MILOERERICOWVWT
B51.1 HR a*, b*, ¢* ZHER (E233) [p.BO] D
EIICEERTBHDH

ARET, TV ORFEHZTNE L7,
U DICHEFHEANRY bL a*, b*, ¢* DEFRD
HHE L, BE, DOLICERTL2DD, iE
ROBEKRICOWTHZ TWET 2 ENTT,
B51.2 [E%

a*, b*, ¢* OEFIF, X (B7) [pHd] TIT-T
WBOTEA, Zhug, R (BR) [paE R (R9)
[p.HB] DS D DX DT 2720 TT,

ZheDRDPKILT 2 & 52T 5121, R (BD)
[p.HE] DX SITERT D LHLRVDTT,

X (812) [p.od) 253 (RI3) [p.a7] DZETHIZ,
N (B2) pl] OPFEN I/ B RAX—LZHi
T, NIV R— LB X DT 5729
T,

K (RIR) [p.aa] 1381 & h BT 28, Bz
X a -b* RE¥PELRTRWMEEZRD X (BI)
[p.o7) OO EIIBEIC SRR £T,
FfEica-a* =1,b-b*=1,c-c* =1 OFKH
MHRALBZEIFFTFEINERA, £O57RDE TV
TORFFZETH 2K (BIA) [p.oa] of A%
Borirhidzsizwn, WO EREPHNTLE
5DTY,

ARETIE, BERICOLLDIRTWVWT T v 7DEK
HrEInL, —RZhe3iciIs7 70D
RERMS £z, 77 v ZTO5MLE ML WS
ZexEmRL, JVIZORMNEHIPSLI NV DR
&R ERT 2, 2V FIEEBATHET,

IV N DRI 7T v 7 DR GAHE
fficd s LIZOVWTIE, §83A [pal ZFHAT
ATLTEN,

8.5.2 REMEEZEMOAEDBERICOVT
B52.1 B AFACREANELLLLES
DEHMNZDH

X B3 [p.ag]) TiE, M ACEZELHTL OPH

Do THRSE, 2 HPA ¥ 2 OPA X5 L
WESICRZETH, O 20RFELWI L

T, TV MOSEHEZLT, 77 v 7D
Zi/z3 22k, ZOMEOMRIFEZEMT
BRI TH 270, AGHALKAAIELLE W
5 ORMBBEDTL £ 5D

B52.2 E%

LoMETHEWDD F¥A, L HPA L L
OPA BFHELWVWOB D TERILTHD 7,

WS T OHERITE L <, BR2BRPEZTIERV
DTITH, ThEERET LT, MaFoHR
WFIEFICH IR TE 2 X 51Tk D £5,

EEOHEMRTY, 77 v 7 OREEE, J
Y TR, oL b DRSS DEMTDH
5ZeZ#HATELANEZ, HDEDVRVDTT,

HREERT 203 r7%08 L < AB,CD I,
IV MERD TR Z2#i 2T, FHANCA
2% [7720M) 236 L RE 570N
RRETT,

AR 2 b OtEs TPy ik, FmH ABCD @
FH2E5EKILID8 DT, HE~NY
FL PO &P ABCD 72 3 figHE & R~ 2 b
L PHyy & Fiii ABCD 0% 3, & bics
v 7T,

fhem %z X B3 [p.ag] @ OHhkl JE D[R X
L5ZEMTELRDOTIN, 2535, HlOHtgT
M Hppy % TV FERORENCHFIET 5 & 51
TE%E9, Hypy R 252277 v ZHIEN
2 YV OHpypy, % TR 2 %595 2 P A'B'C'D'
X ABCD 2 3Hlich b, 77 v 7 KEHa S i
WCHEED FT,

BEL~Z P L (SR B ) Oty % EE
2T AHMEMBT 7y JHEFATITRE2DTT
A3, R (ET) [pE3] % (82) [pH3] LAAIS BN
Y, ZDEIRRRILVWTr —ARHRTZD
Z, LA E->TLREVET,

WHCE 2R, WS TOMEE Lo W RS 3
&, TOXIRT—R BIEr—RAH50IIEWH
r—R) otRTcOE bBbIkhES, UeD
BB EWLEVLE, FFORERD T,
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853 EEMLEEHMTOAEICIOWVT
B53.1 B #ZTMTOHEDRFRENEEZMTD
MDII>Dh
ZLTZOHAID LIEL WL LGS, W%
B CTOMEDORBBRIEEBTHRDIODD, L
HPA ¥ 2 OPA 3% LW I 3TN0 + D K5
SR TRBCH 2D, EEMTBIT S
NGB Y oL, WZEf o~ HPA ¥ £ OPA
CADBEED D B DR Y, Z L BN D D £5,

B53.2 @&

B3 [p.HG] iIZ2W T, FOMEETHEND
DERA, 7272, T oL FERIE, AL A AS X
TROWELAR T IV DG P T, K Wis 7 F
O T9,

WIZE[ © SEZERTTIE, AEOBRIEFE LI D
Er

Ttk s X & 2 & Wig 7220 b [FREIC [
TEHI IR BZDOTTH, KRR [p.aa) Hyy D
T RBI L FERD Fic#iolzb &, Tov 7
REDPBEET, TOL EORGHEBAS h k1T
Hb, LOWIBVHELETD,

K gt H%Ef o~ HPA ¥ 2 OPA @23 b
TERILTHD 5,

HITFR7 M 77y 7R OBFRIZOW
T, §832 [p.oa] Otz SR L T 23w,
8.5.4 ZFEMBRMHGHBEVCDOHHZIDD
B54.1 B AENICEAHIDELE>TVWSDOH

KUK ST2ZeBHDZDTTH, MEEFETIET
T TORFEMETIEERLENDDD L
FOREEHEERAOCHIERTEZ DB L
MHoTDTTH, E5LTEDLI LRI LITR
5DTLEI2H. EHLHRMEFEEZDHLDTD
DTH 5D, REMAIIPDBEZ >TVWDEDT
L & 9 2%

8542 E%&

IV DRI TIE, 3, W8 TFEANR
JILEVIHDEERLE T, ha*+kb*+lic*
TRIN DU F R (UAEF 7 — F) 1, W2
MICEER L WA TWE T, h, k, L IZBEETT,

Bl Z AR ORGSR DS E, T2 M O BRI HE

N7 MUEH A aveo k5 RarAwRe, JF
FANEL QA TWE T, a, b, ¢ DEARIHEN
7 PNVEFICEZXTHhOERLLTVWET, 42
0%, a+b+c OhMANIPLEZE 6 HFICA
ZFET, ZhicfE->Ta*, b*, ¢t d, AL XD
iZa*+b*+c* DAMIPLRZ Y 6 AGICAX
£9,

WS T F S O 28T 6 MWk 1m0, Flx
EIE 6 IEICIRNE, 22T -1ED LERDBD D
5, EBRZORPT AL NRTH B L x, A4
X iz & 6 DO FERHTHE 6 7 — A A
EHLET,

ETAW, 77y TDOREENR T Y DGt
ZT, ZORMELEDLSICHARLEZS LWT
Lxod, bDFTILEMCAEDET, Wi X
D IR FIERATRET T

T TDRMN, Ty D&M, L DS
HFIE2L FMiBdDTT, 77 v 7 OEMFIEER
DEFEFICHK > T2 X B [p.od] S L Cfi
HICHMTEE T, FVvTOLMD, 77970
G X D R HHH T I3, B2 [p.oG] 22 L
TRALDHEFETEET, £ ZAD, TNLED
&5 (K B3 [p.aa 1)) 252 h b & FffiT
HB, LWVWHRBIDHED —RTIEARL, K
HETH T Y TDERMRI L P DM ZFEL
TVWARANEHED VRVDTT,

VIENCIZ 2 FMTh 2 ICbBbLT, i
PRAANCERBET 2 212, 2ESREZHWS
eI BV ET, ZhIYHOREE VWS X
D, WRPEDPIRAIBIAORETL & 5,

75 v ZOFMRFIFE ORI DRIV, &2
A0, 6 WHREDZTr — AT 2D, M
DTHEEICR > TLE S, T UL b DOSRMFITHSRE
HEELWINE S, ZW2HEET 2 iR FOE
M MR R R 2 O IER Il IC kR B, Z5
WS ERIIET S,
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PIFRHRRIX, O DD RAEITTHRIMEA
BREFZTAZ I e B 2 HHED
H2ZTx%d, Z2ZPREEZDTT, Hlx

FIREN IR 2 Gl § 5 & X, sin &
cos WHNIETHICEBZIFT, & ZAHD,
FAT7—=—DRARITED exp -7 EZTT
232k, BLEIRAPRZATEET,

BT/, 1924 ~ 1926 FEIC5ER LTIz ED
NTVET, 1924 FIINA BRIV BETIT
IR FERL, 1926 FFi2iE, 2L T4 ¥ —
AL INE L, ¥l Wr e, &
BPID LS ICHRZET, 3 o0MEmIEMT
HBEZLIX, a2l T A AT 4Ty IDVE
FTERDOE, o OFEMMIEI LD B ICEEE
SNFE L,

R EE 3R U 7= ffdiac [ WebClass IZE W
TH 3 okitsu2020a) T, X FREHTOEGRTH
%, ToNLR-Z T O SRR FfiT
HBHZeELABLTVET, MENFHTH 51
SEDST, o OHEERNZIK T — RITHRR X
N30i%, 30 BIEEDRHENDD T, 2L T
RO T EADNMCE LTI, @AM
WG D 5,

2020/5/18 DFHEF T o 72T — KA ¥ M,
X KA A AT & X M CT IR ® 3,
SOIKEETHIoOEED AL eFEL, kil
LTWET, MHE WS DX, Z 505 M5
T3,

855 FFUTFT4—IZoVWT (BFRLEFRIC
2LTIZDWVT)
Bn5.1 B AFHK, EFROMELIF

HOE [pM N7 M OEHBEICTHEEFRET
ROBEEDBDH Y E LD, GFERVPEEZRL, £
FRPEZRT IO DFELRED, Zhzth
MHDRDLBELDIrD EFHATLR, EA
DAz D LS BHEDND 2D EHZA TV
7PEVWTT,

BhH.2 @&

x,y,zH5Wda, b, c DFMELHFOH
fa, NZLIE, HHEoX5ERT 200
HFR, EFORUE, NZELE, TR0 L5
WERT DDPETFRTY, VESHLFET
&, FEAEDHE, BEDOL DI AF
RICLET, HOEWHZ2T 5L, xty+z
DOHA» B RT, x,y, z BREEIEID IR
AZBDHEFHRTT,

GFEFIZ, BWVICHICH L2 & 5 2BfRIC
HY, WEREL BEMECTERL LD TEXE
A, L¥DOWENRT, GFRODTRODPE
FRODFIHROIZHRT 2B LIELIEDD
£9,

EFRDPEFROMEX, ¥V 7 4 — (chi-
rality) £V, 74 FRF 4 T THENZ LIS
DFEZF Y > v T [F) Z2EKT % (cheir) 23
BRETHB, tHHFEL

2001 fFi, BKRIARAED ) — b EE %
ZEL7OTET, IIEMBEDRRAE LoD
DZENRE T o TR BRT L, RA A
Y, ¥5VT4—DDHEDTF (FIABDTF) D
56, RARTZLEERT 2METHD, B
FED ) —NNVERZE L LD, M TEHEE
DT,

LINVEIVEEE WS BEEHWZ DD S
CRVWETY, TROFE) ODEARN TS, LIV
2 I VL HEBROBRICDH 2557, D &3
YEERDTTA, THIEELSEWEH D TH A,

RURTEEERLTWE T I B, 7V
VEBRWTIRTL 7I/BTT, (Vi
FICHLLCHRUME ISR D, LK, DRDXF
BHHEEA),

AR, O TEOE ) Fwa FIEESR
12053500 HDE L VU F<4 K&
K IRN ZHEIRIE7Z O TF A, MEIRIEE U THW
BORFZVT 4 =Rl D T2 T, HBo
BATRIC D 2 77 FIIHEIREE D) X 3720035 D s,
TR DL LIRS 2 L IRIICTESHAET 2
EWVWSFEMT L
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PR T HILETDH, F7 VT 4 —OREIZ LI
LIRS 72D %5
8.5.6 HHRICED XIBDOREEMEICDODWVWT
B56.1 B/ n,, ny, ns, h, k, | BEEEREOD

HBREROFERBEICT I VTORFEZMEDOBT
B Ny, Ny, Ny &IV S DORFSRMICET S h,
ky I P RTEHRER>TVWETH, TNTOHZ
YERILLIE TIXRTOEB v 223005HR
THHeEVE L, e, B WS LMK
5DTL & 9D
B56.2 E%

X (BA) [p-E] D ng, ny, n, BEERX (BR) D
hyk,lOZ e Bngss, £9, a, b, cl,
(RZEM D) HAMERY FLTT, £2LT, a*,
b*, ¢* &, WG FHEART LTI,

ZLT, ng, ny, ns, h, k, 11%, FETEZL
BBTT, HREpO T, A4 7—DR%E
fifi o THEBEBERPILR S 256 ICE R LTV
DT, BEE WS BIILEICR 2 00, #icAR
RICEZ D0 HNEE Ao

BEERI 72 BT 2 BB e, R R BT H 5 5
B HICHEBE e BRI e R OERE, HENC
JGUTHEWZ T RTIUIRD 8 A,

2dsinf = n\ DR T, d, 6, N IZEHTTH,
nAFEBETRITIE, 7T v TREISRGETIE R L
B0 ET, BTOEF D S DEELE DY
BREOBHLS, v W0WS00875 v 7%&HTT,

(759 7058 1992054 ToUL b
DEM EFEMBZOTTH, 177 v 7% &
WO FETHR—LET,

H/DAL ARG, DSR2 0 S FEEEET -

TW3ESOTTY, HDLILAETFOHRE, 1
DOHEAfADOFNT 4 8, KROITETFO%E, 1
DOHAfEOHNC 2 l, FFAEEALTVET,

HAUENZ bl a, b, c DEXIZ, HAfo
fit, M, mXTHD, AHBTOHE, HWICE
RIZECEXDORY MV TY, HOLHETD
B, BAROFNCERFAFESE S, HAf
D8 ODHMDAMEIZ, 13D, 6 ODHEHDH
M 1S D, RFEPFEELE T,

B D TER O E DR TIE, 8 DDHAINT,

HEXNTWBDT, 1 DDHMH-D VD,
HDDOMEBEDFETIX, 2 00HMETHEXNT
W5DT 6/2 =3ADETFH, O DoDHMED
HIZEENTVWET, Gat55L, 1 DDHfHE
DOHIZ, 4HDJEFHA>TVET,

WO TR T O%E, BAldoHz 1E, B
o 8 DOTHFOAE, 1T OHETFHHD
FIH, FAEND, SODBEMBETHEEINT
W3DT, 1 20OHMEOHICIE, THADFRE I
1Td, Fuiic 1E, THAZ 1T, HAMd1
D70 2HDOIRFH 5 Z LIZED 7,

AREGHOH 2 B [p.a) 12, THBAL v
IBEDHINTVETY, BROETHUVED
DHAflICEEFRTWAZ X, EEES L, H
BHIWCER R EEE5ZET,

FNEREMRLCEHRT 2, 205 DFAYIIE

BRDTETD, DA TEIWVWIRLEREZIT-> TV
£,

H/ AT OSSO DB E S HDH &
HODNIEIZ D 2 7T 2 i LT, HAOTHEA
DB TR FBFETS2dD e LTach LT
W,

2595, HFOMME LD T DOE Z K
SNRT P, ngatn,b+n.c EREN, ng, ny,
n, DB THLZ e h 5 B0ET,

M E2[p.a3] D Rp & Ry DAEICHINTH 5 H
FUFFHFDDOH D TF, XD AS UFFITBEL
SNFET,

JRFICEEL S N DR TERICE A S &
X7y IRFPEID £F, EIHIS ) &
WS DI, JEEENREDBEGICR WS Z
¢T3, X (B3) [pHd OGN no\ £ ->T
WETH, C0ny L SERE, R (E5), (K5)
[p.8] DHEITHEL L £T,

RoRy O~ b A%, FFLRTFEFERAY b
NMIZBRELTWS 72D, ng, ny, n, 1ZBEBTR
ARV DTY, ZLT (550 28HED
ISR LT DIz RiFhud i siivo, K
(88) [p.m] T

R (BD) [p.HE] &, 77 v 7 rehmild L &,
() [pa7 Ok 512D .
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Z LTk FHARY b L%

. b xc
vy (N (8.19a)

cXxa
b= ——— — .19b
a-(bxc)’ (8-19b)

. axb
c A bxo) (8.19¢)

DEOSRXERT DL

a-a* =1, (8.20a)
b-b* =1, (8.20D)
c-c'=1, (8.20c¢)

a-b*=a-c* =0, (8.21a)
b-c*=b-a*=0, (8.21b)
c-a*=c-b"=0. (8.21c)

Lo (520), (52

)D& 512k B0, R (BI2)
pHd ORI EDZO AR — 11D, K

(BI3) [pd @ & 5 1ok, Zhudy
REBEHNCI2 5D T,

ZzLTtzhZ, R (EH), X (8D) [poE HLo
£S5 ng EWVIEKTT,

F72, h, k| BT,

no BEHTRINIRORVE WS DIX,
WD T, h, k, | DEETRTIE, 4R,
no (FEBTRLKRY, Tng 3B = T2 TOH
T S RELIE O YR DR ORBUE ) w55k
HERWNTLES Z2ITRDET,
MBAD2O00HMZ T tadihLE L7
2, THET 2 wo SHEIX, XE0#EKRT, THL
MEN DA M) NEHRRT 2 Z 82D £5,
NRF) EWVWO e EDE5RbDEES 1 dRII
FHAD, KEIOHETIE, TEFE 0 MEFE
Bl rwsbone, lET) OMSE2IRT %
ZEiZRhET,

Lo, MOPHODDOMBE IR FLFEEL
WV, ERELTITWE L7edy, FEBIIFETS
ZHRODRHIDDNEIZH 2R F 2 HELE N 5 X
MR e BT OTER ORI X % 8L X #2375
HLAES THE T2 XBOKEBHEKRLTL
F52eHBDTT, ZOKRAID, HIERIZD
TED, ZZETHEAD LBRVWTBIZISEST
WX,

B56.3 B TN FROPOLREP &Ik ?

I b DREISHFTD, T80 FEROADE
PREDESWCERINDLDTI D,
B5A.4 E%

A X ROBEAZ L PO 1E, Basd P&
BHA 0, BEMN /AN E XBOKE) oR2Z b
LTI,
FTWEFIHEA O ZHRANCERTSHDT
FH, oL MEROHLD P X, WitE IR A
075 1)\ OO L =312, ZLT PO
DAS X OB Y bLe s k512
Eh¥EF, HHiE, FERZ PLOKERT

BTER O LIZUDICERL, BHRT b
LD THOTAL FEROFUILE P 25
ETERTZ0OTY, PO LTL/A
AR Y T AERB I NERTT,

B50.5 B TN FOERETHRSZEESTE
R FS

TNV N DOREISREDFHT TS % [OliE X 1
5] EBoLeoTWELRED, BERICYo X
SIICHEFREE 2 DTThe Wk TR A & WkgF
YIHATL & 9. EROMLTT, BB KL DH
5WTT,

B56.6 BEI&

WEERD IO E B ¥ FHZEHTORANHENR S
Fla, b, eBRED 9, a*, b*, ¢* &, a, b,
c FHWTHA (B9) [pM3] O LS5 CERINT
WET, xR XE 5L a, b, c AR 5
DT, a*, b*, ¢* b ZIUHEB L TFFEFEA O
ZHLE LTHEZLE T, h k| DIEBEF - 72
WS TR ha* + kb* +1c* BEKRFIC O ZFRbe L
THERT 2 Z 222 DT, WkgT2EMERD,
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fEfmOREEE e[RRI O ZHUL e LCHEET 5 2
LTk E9,

B56.7 Bl 77 v I DREEHFIFRE
DhH

7T v T ORGFEMHEE, TETERVWHRIE
EBoLeoTWELRED, 77v 7D
BRADBED R o72DTL &5 D%

BhA.8 @&

75 v VDORGIEMEDTE TR VDTS,
MBENPELCRTVEVWS Zr e, ToULNDEX
BT 22, G THEmT IR
HBEWVWS LTS, 77 v 7 DRFEME

EETIEHW

2dsinfp = nA. (8.22)

CWOIEEICY I TREINET, Th
T, AROVEOARF ZHIERINATVET,
RO BB OHELH D, ZDHED R T
Fikam AUV, RSOV EDIE, BTON
D777 TT, ZORFIEREINFI VIO
REZMED &S ICEMER Z e BB X B TOWVA
e, U 20 KEBELIENrDOR—-L VR -
77y JHERIZ TREFEIEASA L KA DE
CRDEAS | WA e DD o77255 8
WET, BREHEO L THELS N TAGHA
Y REHABE LD ZRHBEEN RN 25T
T, ERILTEZATATL I, FAlE, HoO
At REHfaRE LW e R, Y2 DETOHEE
ELTHIDTVE T, 2 IADBZLDANIE, 20
PHOFTHOMBETHZ 2D LA, HEL
LAREZZiEHhh 5,

br, 77 v IREEZHEORALIE, B2
HTEM O Z&Tr 6 DMK T AT L FER
FREFETZHEDDHDETH, TIWVIKRMK
(6T —R) 277y 7DEMIZFTRHAT 2D
X, I RERAEER DT, WZEMICFEET M)A
e FRA O Z&HT 6, 8, 12 Mo wits 1
FPFET WS 75— (B —R) &, filz
W1 2OR=—ADH 3 LT, HEEMOMD I
OxZALEIBETFEEZ S Z 2K D fHICH
fecxEd, ZURSKMDTRIITHIEF L UL
FEROMFRIIMNEE RY, 7T v T ORIMEHT

8.5 T IODREENE

RS 2 DIFEE R DT,
Bn6.9 B 5V IDRNEKEDOEK

70 LD RMFMDOFRARDOERD X  HfigT
XEH A
B5H.10 E%

REZ, DB XZ 10 FEificEZH, fE
HMESLBEEZEDRLTHEICE>TVET,
Q&A ZRIZE, R=IBUEDH T 6 R—ITT,
COEE—EHEANIHA TATLIZEW,

8.5.7 WERFICDOWVT
B5 2.1 B SVIDORIFEHFICOVNT

R (B33) [p.Hd] ¥ TIHERETE/0TTS, T
M e R (B30) [pm] A4 2 — L Tokhi3HH
DEL LY FRATLE, T REERTH
ENBDTL ES5H7?

zhy, R (RA) [p.oa) FAEEKRL E 5
B5 2.2 [E%

MBI 2ZRLENS, LREFRHATLZE W,

2007 MV A, BAH 2 ENEDOERIE
ROHEHTT,

A -B = |A||B|cos?. (8.23)

ZZT, vy 3AEBODORIATYT, Ak Bl
FNENHN 2> TED, ZADN—HETH-T
HESTWTHMNELEA, BIZIE A HFEZEM
DXRZ PVTT 4 XY ay (B]) 2 [m] TB
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BRKTH 2 L ENHE & o 72fEIE (m?] DT 4
Xy arviERFOILICRDET, A DR/
DEARNMHERZ ML STGET 4 XV a v
1% [m], B 2WHETFAY PR STIBET 4 AV
Yaridm | e ARDMEONMEE L o ED
TARYY a VFEHBEMAICRD £5,

X T, so [FHAIRZ PO TEBMN TS, K
XXX 1T, BEHD FHA. s; DR
TF. ZLT sl AR, IWFIFTF. s1 13 RoB
m¢ﬁf?oﬁﬁﬁiﬁﬁﬂ@ﬁ%é%%of
B, BAE (m] TF, NEDERNX B2Z) I
HOWTiHET 2L

RoRl +Sp = ’ROR1’ |S()| COS @ = ARl, (824&)

ROR1 81 = ’ROR1’ |Sl| COSB = RoB (824b)

BfiR7 NVREBANTHZ 25, NS
L5 LERDONRY T LT, BAIRT ML
MO EHETS 2212k DET,

R (23) [p.m@] #, UFNICHBELET.

RoR1 = nga+nyb +n.c. (8.25)

ZZT, ng, ny, n, &, EEOEL, a, b, c 3H
AR PLTT, AU, EE?ﬁE%Z%
DRFZFESINT I L (BEICIZ R 2 BAEO
Effifz M EFERNZ FL) THDH, 2TOFRT D
5 OREL X #iARd &5 Tz 325 2t ZEIK
LEd. RE&EMFEZ, 55053 n,, ny, n, O
AEORIIH U THD LR TERD FH A
B01.3 B FRFEERNI FLOESEICDOWT
HFAFPZZ 4 F p.6IicBIF5 Ada~c, Aba~c
DOHWEIZOWT, MHrHFEDHLDTL & 50
B5.4 [
HBEZNNIDH D0 BHNERAD,
A
B5 2.5 B EHRFAT MLORIRANICDOWT
a* ZAHLT 2 Z L EAARETL & 9 2. B
FRNCHRD 2D D LRIV LVWTT L1,
B5 2.6 B
2 XD E
%,3mm®@n®a,bt

GNESSIDR-S

, b* 12OV T B [p.BO]
c* IZOWVWTIERE

BEKTH LERZRWO T4, KE2 [p.B2] 2%
BLTLEZW, a, bt a*, b* OAERR, a,
b, c & a*, b*, ¢* OMEREFIIX @1 [p.B0O],
X B2 [p.B2] DD TEXNDTTAH, FEAEMDE
AAHER T PIUVET 4 XY a v [m], #ZEH
DWHAETFEARNR Y MLDTF 4 XY a ¥d m™Y
EREoTED, ERMEFEMTORY ML
DEIIIHBETERVWI LITERLTLZX W,

FEmM SR T o2 D 3 RITD T
A h = ha* + kb* + lc* 1%, MZERINTERL
WATWET, TFFFCRVDTTH, WEF
a7 —REDY I M7 TZOKTFERS Z
EMTEEXT, 205 bRl X5 v A
WX,

B5 2.7 B EZEMICDOWVWT

WZERPHECHE TE E A, 7V TE
HOBHBREHERTBo Lo TWLEEASDTT
3, EFRCHEREN D 2D TTHh ?

B5 1.8 [E%

WZERE MRARR 2222/ ) T3, Z ZICHER
BHDHEEZTHVWERA, ZLENEaY
Va—X—OHIFEL, EMeR512%, V7
MY 27 OB EREE LET, FIZIXT IR
TR LZEIZ SD 7 — FOHFICEELET
D, VMU zT7PRIFNUIRZ ZLITTEEE
Ao THNEFLZETY,

Xﬁ%m%ﬁ%ﬁ%?mmﬁot75y7“¥

, BT ZEAE L~ —F - 71408, X
#7'? CT(Computer Tomography) ZFHL7=7 Z
Yea—xv 7, Ay RTV—NTYXT 4 —
NRS, MR D 213372 ZEED T
WL, A a—X—%ffio TEBGANELEHT
BN LIEANTEBTY, 77y Z7RTORE
RiCE, ava—X—R3ELEHEELEHATL
Too FERIRT7 -V ZERZFHEL DTS,
LD NEx) ZilidsL b, ZORBOH
M2 HRIECTHRLVE B> TVET,
Bh19 BR NFLILE—L, 7O0XRZ—LIZD
WwT

NIVNLR—L, 7RAXR—LE XSHRIER
ATI D
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BR .10 E%&
AEDYWHE T T L FER Flc# 2 &2
(8D) [p.o3] ITRAT 2L

(nga+nyb+n.c)- (K —Kp)

= (nga+nyb +n.c)
- (ha* + kb* +Ic*) (8.26a)
= no. (8.26b)

FoX (Bm) »EHEIhET, 7ux&—A4
(R7ZH) 1X, nga- kb*, nga-lc* 2T, KX
(B263) TLEOXZ b FOXZ M LONTEE
2% 32 X5 IEZT S
DX Ik TwET, NFEIIZEE
A (§6T2.2 [p.6d] ), 2K D LDDT I3,
JRARXR—=LPBERIZZB LD5I1Za*, b*, c* %
EELTEBD, /871X —LlFa-a* =1,
b-b*=1, c-c*=11KRZXICERL TV
30T, (K268)=(8Z66) [p.ma| A5 & 212 7z
DILH, TVt DRPSAEHTHR IR TE 2
DTF, TR (E364) = (364) [pBI &, X
(B3364) [p.BI] 2% nya+nyb (ng, n, FMEEOE
) oI U TESZED RN s, K
(2238) [p.B1] 2%, a, b, ¢ Z AL 3 2 EHIEIEK
THHILZRLTVWET, 2 KTOHE R
T,

858 NI MILDERICOWVWT

B53.1 B 2 RTOERFEARNT MILDOER
IDW\WT

i (B332) [p.BO] T ¢ ZEFET BT |b| THl-
TWE LD, B2 572D72107%5 |a| T
HoTHRIUHERICRZEWVWIZETLEIH?
582 [E&

ZOEHTY, |a| THI-oTHMOELEA, [m]
DT AR aViFiolc TTADAN T —ThH
ARFITEH > THMbORVDTT, |a] BV LIE
Ib| THIDEE Lz a- (b x c) OfEAS [m?]
DT 4 AT arviRoTLEI ZLIIKDET,
botdIDEIDEEZLZTHN AR [p.aY|
ThbxcBLUcxad [ m3 DF4 XvPay
RO EITRDBD, a* . b* DT 4 XY a
Vi3 [mT kD, MEEBAELEEA

255 —=ERETH5 a-(bxc) BPPUKILE
MOWRICR 2 Z 8 ITENEZE T T |b| THID
HI2 WO UHEHL % L7,

BEng83 B Ah>—=BRIIFHETITH

AH T —=HBHEOFHHZRD THE, ZHDE
KT 2RI B TEELAk, 22T, R
H 7 —ZEHRIIMEEZRD 272DDHD VS iR
RTHoTVWBEZDTL I ?

B538.4 E%

LR D OEETHIEWD D FH A
B538.5 B JOXRF—LD LG KRBIILDE
&

a-b*=b.c*=c-a*=02L7=W\WEDIZ
a*, b*, ¢* PERLLMNUIEMETE/0TT
D, £9725 2 TEIFENKITZRLZDN KL
LY ERATLE, TOERITE ZCHEMX %
HELTVWEDTLESH?

Bng.6 B

8% [pa] T, T OREENEERR
T2BoR (812), (RI3) [poa) 2L FICHEEL
£9,

(nra + nyb + nzc) . (Kl — Ko)

= (nga+nyb+n.c) - (ha™ + kb* +Ic*)
(8.27)

=ngh+nyk +n.l. (8.28)

X (B2) 132 o R 7 F v (ha* + kb* + Ic*)
EEEBDRY bV (nga+ nyb + n.c) DNFHE
T3, EEBONY VIR TF LR FE2flae
TONRY ML (BEIE B O i 70 i F L %
FRETONZ ML) THD, tWHEHONDHD
59, ZORDEREDEBDOM ny, ny, n, 10
LT, WKTF~2 L (ha* + kb* + Ic*) £ DM
OB THZ, W DI b DRFEM:
TT, ZD®a-b* RN 0 THRVERDEE
oL (nga)- (kb*) D70 RAX—LNHERIZS n,
KX LTAIANTOEBuCEE 2D, A (B2R) ©
DR TERLSADF T, FAfkiCa-a* Ry
HHLLTH 126X TR, STV IR —
LbFE, BLD n, IHLTANIANTDFEBIC
7 b, 2 (B2R)=[RH] &\ 5 DR ARRER
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WtETFIZ 7 — V) THRBCR TR 2 BRI B BT exp [i27h - (r +ngza +nyb +n.c))
T, Bz a, b, c ZAML T2 =RXITDEY = exp (i2rh - 1)
Ba%E, X (zz9), K (250) [p.B3] RSB x exp [i27 (hng + kny + In.)]
Mexpliznh 1] © 1 KEETEI R TER (8-29)
=exp (i2rh-r). (8.30)

D¥E®A. 22T, h= ha* + kb* +1Ic* (h, k,
LB TF, expli2rh-r] 2¥a, b, ¢ ZJEH
v 5 EMBBTH 5121E, ROFKM R 7%
THE7ZD £ A

EEOEE ny, ny, n, ORITH LT (B29)
= (B30) MO LORBENRD D £ T,
exp [i27 (hng + kny +In,)] DVEICT 1 TH
57-9121%, a.a* =1, bb*=1, cc* =1
%D, ab* REDI/RRAX—AIFEBT
BRI D FE A
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9.1 X#RCT OEsE

X#CT oFHIE, M7 7V AIHEBOT7 X VAN, 77> - a—~<v 7 (1924/2/23/1998/5/7) T &
D 1963~1964 4F Journal of Applied Physics #8iC 2 RO [16, 7] (K B0) 12530 THRE 17z,
aA—~<v 7 OEED»LBEM, HILORERZHLAR L7 o D3, #HICbBALNS Z R
Dotz FEOFRERETH > MEAVERZITV, 2V a—X—2HOTHEROBBELITS 2
CIRATRERIZ T TH o 120, FAdfTbhTunine\ws Zeid, MhERrayPa—&—D 7y
FIVIEEFL LBV D LRV, BidT 225, CT oFIIMSEEIC X S HTL 2EEMED
JCHIZE B EZ B 5,

AFVR, EMIHOZY I =7 THo/eay KTV — ATV X7 4 —)LF (1918/8/28-2004/8/12)
Ha—<yv Z7OFHXIERHL CT 743V X ADBFICED 22025 72D, 1970 FELHZ Y Bbh b,
FOREe Ny Y X7 4 =V FEEGOMZKEIRE L-05, 1971 FID THRIRICH 21TV, Zhz
1972 FFITHER L7z, T DOEBIIBLIC 50 Z#E T2,

X CT BEEHSGICB VTR L TOAHENIASASNATWE B THD, a—<v 7y
YRT 4=V RIZIF 1979 5, J —NVAEHZEZENGZON TV, X4 X =2 ¥ 7 Tid 20 #
FRAROHEHATH 2 Wb T\,

9.2 XiFFEmIEERET L DBELUR

a—< v Z3ELHERRICEREEZERLTWS, ZORKELS, 0B X CT OFMMFERICEH
BB 25250 Bbh s,
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(a) BCC (¢) Diamond

9.2 (a) DTHIET, (b) MOAAHT, () XA YT I TR TS

9.2.1 XIFEREBERINICH TIEEMEL €TDBE
XA E AT 13 X MO & O RGBEZAE T 5 Z i & DfbmE R+ Fry ZHEL,
HHE p(r) ZRDZEHITDH %, p(r) F—RICRD XS 1TKSN 5,

pr)= > > > Fuuexplizr(h-r)] (9.1a)
h=—oc0c k=—c0 l=—c0

= > > ) Famexplizn (ha+ ky +12)]. (9.1b)
h=—oc0 k=—c0l=—0

22T, #8E, X (D) pH 2nwLidEaE, X (E25) pBA O &S5 ITHAKINERY ML a, b,
c?ba*, b, ¢ ZERL, herziddhdse

r =za+ yb + zc. (9.2)

h = ha™ + kb + Ic”. (9.3)

r EMEANZ v, h G TR7 ML TH 5, X FEREBERT TRIUX N2 DX |Fu| THD, I
MHAIZEITE S, ZhEMHMEE WS, 2720 22T, A (FfA) DED Fy 2R 57T
W3 LT3 5,

0213, (a) BDLIIAHT (BCC), (b) HDIIAHT (FCC), (c) X4 Y E ¥ FAUMR PRk ]
FEN DR FELS 2R L TW3, HIRTK B3, 04 [p.02], B3 [p.03] &, 5D HHE I
%, 001], [111], [110] HJENOEFHEDFFLARLLHREZRL TN,

ERFOHETISHIMEL X, UROX5%RbD0TH S, BAFOETEE p(r) 23X (A1) T
XN &, COBTEEER -y M, y-z H, -z BHIKMRLEZBETFEE Y 7%, YOL5CEHE
TN, HEFLURTH 2,

plx,y) = Z Z Fhroexp [i27 (hx + ky)] , (9.4a)
h=—o00 k=—00

oy, z) = Z Z Fo exp [i2m (ky + 12)], (9.4b)
k=—oc0l=—0c0

plz,x) = Z Z Fyo exp [i27 (Iz + hx)]. (9.4c)

l=—0c0 h=—00
FoRX (123) »E»rNZEEEILITOBED TH S, p(z,y) 1& p(r) % 2 KOWTHAMBPOR X D572
F, Thbb -1/2<2<1/20XKHETHESLTHELNEZDT
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[001]
(a) BCC ) (b) FCC (E:) —

9.3 AEZa ko TEHELL z-y(a-db) FHI LANDEBFEEDHNE p(x,y). (a) MOLILTIETF,
(b) DAL HHET, (c) B4 Y EY RERTFIZOWTEIRE I

p(z,y) = / ) p(r)dz (9.5a)

:/ > Y > Fumexplizn (ha + ky +12)] dz (9.5b)

227% h=—0c0 k=—00 l=—0
0 0 0o 1/2

= Z Z exp [i27 (hx + ky)] Z Fhkl/ exp (i27lz) dz (9.5¢)
h=—o00 k=—00 l=—o00o z=—1/2

= > D Fuoexplizn (hx +ky)]. (9.5d)
h=—o00 k=—00

R (o53) 2 53k (I58) NOZHIE p(r) 12, ThD7— ) ZHEFHR (IIH) 20A L TITAR TV 3,
I (ABH) 2263 (E08d) NOZEEIE exp [i27 (ha + ky + 12)] % exp [i27 (hz + ky)] & exp (i2nlz) O
CHBELT, 110 2 IKHIKIE LR exp [i27 (ha + ky)] OEE 300 OSMSHIL, f;f_m DS
% 2 WHKAF S ZME—DIH exp (i27lz) OERNTE THIZANT, X (I5hd) DREDHOEDNIZ I =00
XDAexp (i2ml2) = 1 ITR>THEEED, |00 E —1/2< 2 < 1/2 OHIPT, =7 AKRK-—3%>
X VOMED I EREIT 2 22k hERIZiRs70, IHATLES, ZOkH (Ahd) T3 (I5a)
DY WEKTIZ DT Frpo ZUIHHERS ZEI2ED, ZoAMEHIATHS,

X o33 (O5d) 2 AWCEHEX AL, (a) RDIT A, (b) BOTHE, (¢) £4YEY FERKTIC
X325, [001] SENOEBEFHEEDOHNETH 5, FUEHEZHNT, MO [p.O2], KO3 [p.013] @
£218, 111 B[ 10] SANFELLETEELRDZ ZEMNTE S,

X (20) K (F2d) b, FARLFIECL > TEL N TE S,

922 X#RCTHEHB/RERODI-IvIDVSHTLIF

a—~v 2%, KOD [pM iIZHEMALELSE, BT 2FE 22T CT OEGEREHERL TV,
BB LR TR Y EHERLTB D, Aifficiddh Lz MBEFEE p(r) & o-y Vi, y-z FHE, z-zF
ML 728 2D p(x,y), py,2), plz,x) BDEDXIWTRINED) LS e, ZHUTHT S
mEZH > TWiBbhd, ZNEEE R/ LT, #HERL 180 EREzxE sy Nr Y EREY
w32 2BEL, ZIroMEREEMBNTES L WSNEEELEbNRS,

RICFATE — 20 X OB ERICAH LTVB T 5, WERE - #iE D IcHiZxE3z2 L,
Z QR % EER . $ 2 ooy FHEICE TR 1RO — M RO — 22 EET %, 2O —L41%, X%
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(a) BCC (b) Fcc (¢) Diamond

9.4 [111]AMNOEFEEDOHY, (a) DI AET, (b) HOILAHET, (c) RAYEYER
ARG FIzOWTEHE N

TANLLEDEE 2 =201, 1L KDRE LTS TWRETTH S, —/, WERD z-y FHEH ETORH
WARENE, p(z,y) DLW 2RITTOBEKTH Y, Zho 77—V LW YR My, DFET 23T TH 5,
AEZHLR 2 =0, y=01ZH5L L, a, bOXRZ ML ELEFTIEREOHFHD —a/2 < za < a/2,
—b/2 < yb < b/2 DB EMRDFET 2 EIRET %, p(x,y,20) & 2 KILD (20 FER) MRER
JEIHIBEE TH2eEZRDE, RDOLI%R7—) ZHBICEMTZ 233 TdH 5,

w(x,y, 20) Z Z My, exp [i27 (hx + ky)] . (9.6)

h=—00 k=—o00

21 z::@fm LTl T B, BE 2 = 2 KB 5 X HOMmE zt<x,zo> i3, JUA—— I v
THERDEIICEKENZIZTTDH 5,

It(xv ZO)
Iy

= exp [—p(, y1, 20) Ay] ¥ exp [—p(x, Y2, 20)Ay] X - -+ X exp [—u(z,yn, 20)Ay]  (9.7a)

= exp {Ay [—,u(a:, Y, ZO) - u(x, Y2, ZO) - ,UJ(LU, YN, Zo)}} . (97b)

Y1,Y2,Y3, YN O)FEﬁII[%Li Ay vG, NAy = |b’ TdH 5o J_:Q (9:3) @ﬁﬂ@jﬁ*ﬂ&%}: 5t

o [H229] 501, 100 o5

Lol (ER)I1Z, N =00 T, XD XIS BRBETITK S,

I 1/2
log {M] = / — (@, y, 20)dy. (9.9)
IO y=—1/2

FoxX (@0) FcEHET 22, ZofmiIc (Bma) [p.rO 2 53X (EAd) [pl] & & L 7zEicH
WD R CHED, BHATES Z 202K, ThbbE
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9.5 [110] AFNOBFEEDHY, (a) ROILAKT, (b) BOLAKT, (€) X4 F¥E K
G Fiz oW T R e

1/2
~log [Iﬁ(f”’“)} — [ ey (9.10a)
Iy y=—1/2
1/2 e8] o)
= > > Mupexplizn (ha + ky)| dy (9.10b)
y==1/2 h— o k=—00
oo 00 1/2
= Z exp (i2mhx) Z th/ exp (i27ky) dy (9.10c)
h=—00 k=—o0 y=-1/2
= > Mpyexp(i2nha). (9.10d)
h=—o00

Loz (0) oZ#EEIEA (I3) [p.ad) OEFERLIFFICLIUTWS, 205, K (0I0a)

H 530 (OI08) ZEH 3 21203 p(x,y, 20) D7 —V THFEFR, T42bLER (@E) 2RAL TS, R
(OTOR) 725X (I00a) ZEH 5 5121, exp [i2n (he + ky)] % exp (i2nhz) & exp (i2rky) OFEIZHT
HELTEIC) y ICHIRIFELRW exp (i2rha) OIEE S0 OAMTHL, fylf_w DD % y ITHRTE
3 5 ME—DIH exp (12rky) DERTE THIZANT, R (00) ODREDODEHOETIEZ L =0DL ZDA
exp (i27ky) = 1 IR THEEED, kA0DLE -1/2<y<1/2 DHEHPPATIZI AKR=F > ¥ LD
E2S k FEHREIT 2 2 vick b ¥ sk 370, HATLES., Zok»R (CI0d) ©iF, R (Tm8) o

X ARLRST, My BFUPESILICkD CORPEHEATV S,

9.3 WEAHZRESETRSNIEZEMRDOBIEN

931 HL Fup (—Mpmae/2 <k < Mpao/2) BMESNBZ LTS

ha*, kb* ZHEERMETH 205, OBOREK D=, h(=ha*, k" =kb* ¥, H7=rdFHTDH
ZHPDEITHDILS 28T %, ZOEICRT Tk MAM kM) (= Myy) 735, b0, k)
DWEICBIFE [7— VLR LS A X—IWHBER 3L R 3% 55, $/222°T, h,k O
Pl% —Nmae/2 < h < Npaz/2, —Nmaz/2 < k < Npae/2 O &5 ERZEBICREST 2 22127
%, BHEICEaY ¥ a— X —CAHRREMERDES ok, HAEON L3 [paa 3L Ea
[p.BH] IR L7 & S ICHERZHEH O 7 — V) ZHENE Njpae EREL T2 2 212K D ITOBBICIEOWT
WL, 7=V IR ERD 51213, EE T — ) TR T S DHRERHIT, ZDHE Nipas DIEIZ 2
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DREFIZT S DB,

MMBO ) BEEO K wownT (EBICERARER D7) MEMRETH 2L LELE S
A5 MWK ®54 27877 4D —Npaw < ko < Nppag 1290V TRK &I
PHAYE 21— R—IZESLNTL BT %, avPa—X—FEoNTERME MR, L) %
~Niaz/2 <h < Npaz/2, —Nmaz/2 <k < Npao /2 OHEPFATHRL 72 2 ZITORFNCE ZIAATEY
2T, ZOBHONENZEDEE 7 — V) LB YR 12 5,

TROBELTOMEHE DB Meppry(h, k) WTRD XS IHEEZMZTY L,

Niaz/2 Npaz/2

Mempty(hy k) = Megpry (h k) + ) > M(hk). (9.11)
k=—Nmaz/24+1 h=—Npmas/2+1

INEBOFRRCTEI2ERD XS5,

Nmaz/2 Nma,z/2
Mempty(h, k) = Mempty(h, k) + / / M (h, k)dhdk. (9.12)
k=—Npae /241 Jh=—Npas /2+1

2 2T dhdk &, HEPEROMEMTOEHE m2] TOWOb—EDHETH %,

932 OBADICHEFZEESEIGE

WK E B B —ERETEEXE) 7 A& LT MK k) ofliz%oTEhr &, otz
DEZF N2 KTORH (2 KTDRAEY —)] KHZFRAATOWFIEEI VDLW &, Z53F0Vrkv, #
BIEDEEEMA 0 % 0° < 0 < 180° ¥ L, #HllsH»o%EsnTExz MM k) oz ko & 5 AT
REND N, K OEFNCEZIADITO VLS IC—REAZR %, (HERTFNCOWTIE, §TZ0 pa] BL K
S50 [pr6] BIR),

h' = cos Oh — sin Ok, (9.13a)
k' = sin Oh + cos Ok, (9.13b)

, .

(b )=(0 om0 ) (9.13)

e K i3— B T3 nDT, DB IEVW4ADODEINCAM LU TEEADL I N TEZ S0, #
NTH S E FORE,

2 RIEDZERIT DR (0, 0) 225 (W, k) DETORMEE RV, K) £ 52, ZOMERORTE

Ehd,
R(W K'Y = /W2 + k2. (9.14)

(W, k') L& FREZRER T A ¥ FICHR 7R AR ORFETI A TWTHERD A0 7213 HE5F 2
&, (WK PRSI 2 WZEEN O |R| ARAO ¥k %, X (EO0) THX 53 My TR/
DIEICHHELTWS2S, 0 DEERICE D |R(B K| WL 722N o EEEIRE 3 2729, 28
LI L 7 22 720 D% (W k') OECFNTHEHN L 721 U728 5720,

ZoEEOR (B0), (I2) IKHY T2 ERD L5184 5,

Mermpty (hy k) = Mempey (hy k) + Y - M ) [R(R K| A6. (9.15)
6=0

INEBOFRRITEIERD IS5,
Mepmpty(h, k) = Mepmpey(h, k) + MW, K'Y |R(W, K| d6. (9.16)
6=0

Fhbbs MW, E) RV, K| %, 501287 - =B MA T L 2 21273 %,
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94 BRr[EIE

9.4.1 — ) IEHFCIE
BRI 1 7—VUIEBGEHNARZZCIE?

MRZEMOBITRZ WA, 77— 2GRk
bRZ%2) EBoLeoTWELED, 77—V
BRI, EERGRE DK E JIHEME TRV
WHZETTh, 7—VIEWYRIIED X 5K
DTL & D D%

BRI 1 ADEZ

7 — ) B OFEEB OB EITEVE, 1 X
TLH 72D DHAID [m~Y] v S R ZEMIIC
ERINBT, TQRHRTZ A TEZE
ADS, THEMET 2 Z Ik b YHEO R
EboTZFET, 7=V IHBObobI VT
WIRSEFREIEAT, UTFo kS cididxn g
T, EHRBIECE, WY OMEL > v TG
W3 27-DDEETT,

0o 0o 0o
= > 2 2
h=—o00 k=—o00 l=—00

x exp [i27 (ha + ky + lz)] (9.17)

where Fhkl / / /2

X exp [—i27 (hx + ky + lz dxdydz
(9.18)

WMBNT T 2 2 L THRIMBODIULEREEN R ZTL 3
DTT, V4 U7 L -B—LYRA-TT7v 7,
X SRR O 2 & 2 TH U WEEMEE (new
microscope)] & KU E L7z,

7 — ) 22U 7 — ) T o A 2 RS
L7MfRT 3, 7272 LEBICIEA R #iPH o b7y
THEPIL £,

e a &S b OERLRHEM [—a/2 < za < a/2,
—b/2 < yb < b/2, z,y ¥ER] TERINIAL
B2 blr (r=za+yb) @2 XTOHE f(r)
X, —o0o < h < o0, —00 < k < oo DERh, k
EFHOTRD LS ITREINET,

fry= > Y Fuexpli2r (ha*za+ kb*yb)]

h=—00 k=—o00

— Z Z Fy exp [i27 (hx + ky)] ,

h=—00 k=—00

(9.19)

1/2 1/2
where Fhk: = /
—-1/2 —71/2

X exp [—i27 (hx + ky)] dzdy.
(9.20)

Frp & h & k OBEBT T,
FIRETRDZZENTEES, 2D Fy, DI
% f(r) ® h-k ZEZETO 7 — U ZEH B L Vv
S

K (20) % Fn T

p(r) IXETHEE, (MEBEXZ bMlridr = za+
yb +2¢ TY, x, y, 2 XEHEMNOFEE, a, b, ¢
WHEARIHENR T PV TT, Fupy O 2 & EAGRME
BRI T WVWWE T, X GRS T AR
DRI h, kb, [ 1T LT Fppy %2, BB
WKE>T |Fau|? = mm&%xﬁmﬁﬁjm%%
ATk, HRZHEFHD h, k, [ IZHLTET

& p(r) ZEtHEL 7,

JRFR DI A\ TBEFEEDE K Z DHATNCR T
BHdZernmLET, BOWEFRLIITEES
WHBIL7ZZ 0BT (BWETEE) 2ALT
WBDTHImZMRT 20T DL £3,

CDEIRLT7—=VZZWUR ([7 7 v 7RGt
BREE|Y/2) 7 SABEDZZIZED 7—) T

XWMCTOFEHEZHER LTI Y -a—<vy
703, BFEFETHOHERFETODDE L, H
AAWHERZ FLda, b, ¢, FETFXZ b h

(= ha* + kb* + Ic*), fiaaMhGER 123 Frp O &
= BFHEEREK () TROLNET, T
DIEBHET BEFEEL ob | (z-y M) 125
WL ZOETEE~y TR T 2123 S
FTHEWD) WS 0RHD ¥, EfE TR
(I2) TI=0REELZLZDY I X =2 ay
ZEIETUIVV] TS, a-b M (2-y M) X5
THEWS ZkIE, 2 FIANOHETZERL 5
Dz FIANCHREN S 2 o7, 37805 1 # 0 DHIZ

2T WX DIREIL TIHATLE S 225
T3, ZOFBZIGHLZDH X#H CT TY,
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F$9E X CT OFHIZOWT

942 X#RCT & X {¥EREERITOHESR
Ozl B BFEEZ o-0 | (z-y BH) IS8R
dLlE

METEEY a-bH (z-y H) ICHH LI ED
BFEE~y 72HET @S TV
Y ATDWVWTHZTLZE W,
ga2.2 B

K (OT7) [pIH] TRENZETHE p(r) O
a-b H (z-y M) NOHE p(z,y) 1, X (TI0)
[p.I3] % z KNS —Npaz/2 < 2 < Nppaz/2 D
P CHETTIUIKRD HENE T,

CNEFTT DL, 2 HAICIREIS 2 HIZED
WE->THATLEN =0 DHELIDIESZ Z
Wi 5720, ROLIWCHEIhET,

y) = i i {Fhko

h=—0c0 k=—o00

x exp [i27 (hz + ky)] } (9.21)

0423 8l YOLSICLTHEGREESZIDH
XHCT X, YOoXo 2L THEGREETWS
DTS,

0Z72.4 @&
HimfEICT 320, 1RO — D ES5%R
X R — 25, WiEHRE L2 W AS L Twn

5 L%ET, E—20AHAHEEDEL, =1
RO —L0HEACHD, bICEERTA% a b
LEd, a-b [l RICHRITTOPERE x, y Z & DAL
BAXZ Flr % r=zatyb &L, #EK (HIZ

2L b o) OFNE (2,y) = (0,0) 1KHB L L
T, —1/2<a<1/2, —1/2 <y < 1/2 O#EPIC
WERDPINE > TVWE e LET, XHUIHT 20
IWNR%Z p(r), r=za+yb ¥ LE3, £, XD

RefiZzd ko a*, b* ZERLTBEET,
a-a" =1, (9.22a)
b-b* =1, (9.22b)
a-b*=0, (9.22¢)
b-a* =0. (9.22d)

X Mz E 2 222 &) plr) Z5HH
T200 X # CT T, HMEMRIZAGT 50
DXREEZ [y T2 WERZERL
Tedhed X MERE I(z) 1%, exp[—p(z,yo)dy]
- exp[—p(z,y1)dy] - exp[—p(z,y2)dy] - -+ -
exp|—p(z, yn)dy] DL CHEL TOE XTI,
L7z25> TZ DM log [I(x)/Io] W ERD X 51
7D £,

1/2

log 1210 = [

y=—1/2

—p(x, y)dy.
(9.23)

=73, u(z,y) & 2 Rt DAAERT 72 A HIRE &L &

EZ 2RO 7=V RN RTH e, XD K

SR TZEDTESIEITTT,

y) = i i {th

h=—0c0 k=—o00

exp [i27 (ha® + kb*) - (za + yb)] }

(9.24a)
= > > {th
h=—o00 k=—00
expﬁ2w(hm-+ky)]}. (9.24b)

A (23) &3 (123
k#0DHFIRHI L THATLEVET, o T

) ITfEAT 3 L2t (E3) 0

—log [I(z)/Io] = Z My exp (i2mhz) .

h=—o00

(9.25)

log[I(z)/I] BWERMET A ETH, ZhHhiZ
exp (—i2wh'z) 3T —1/2 <x < 1/2 OHiPH
THTI 5L

1/2
/__1/2 —log [I(z)/Io) exp [i2m(h — h')z]
= Myg. (9.26)

R (@MW), h£ 1 DL 2FRHLTHATL
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FHLIEDBOLNTVET,

L7z - TR (E20) oMY % EFT 3 2L
IO 77—V ZBHR My ZRDZ N TE
F9, 2OXSICLT2RTLD a*-b* HZER D
k=0DHr0BERANRZ e TEET, H#HE
RERERXE 2 (ERICE X REZMIEXE3)
kb, MG (7 -V ZEHUR) Ot
TEM (h=0,k=0) Z@2WHER2Z 2
T&E9, a*-b* WEMOGEETHZ Z DT
X IhZ 2R 7 -V IHERTLE I ICTL
D, wlx,y), SROBWIEEGEZELZNTES
HIFTI,
a22.5 B kg9 3IEN G KRB IOV T

RENT 2 BREHATLES DT H,

z HIANCIREN 3 2T TIC L > TIHATL X
5, HHELEH, BEERMCED XS kigdX
NTEZDTL & ID
gZ272.6 EIE

X (z=23) X (Em) [p.
£9,

o) % LTI FE L

1 (1/2
Fp=—
a Jz=—a/2

a /w—a/2

X exp [—127T(h — h)a*z] dz.

f(x)exp (—i2mha*x) dz.

(9.27)

(9.28)

X (2R) 1330 (27)
TVWET, ZHDHHRIZR > T3 DI,
TRINZ 77—V T,

ZHAT % it T h
XD

f(z) = E Fprexp (i2nh’a*z).  (9.29)

h/=—o0
X (29) 2 (22) RALZ0H, K (2))
TF, W =h —h EEWT -1/2<z<1/20
HPHCHT T2 L RD K DD £9,
a/2
/m e Fy exp (i2rh"a*z) d (9.30)

a/2
= / Fy cos (2nh/ a*x) dx
r=—a/2

a/2
+i / Fy, sin (27h" a*x) dz.
r=—a/2
(9.31)

LR (B31) OBSA L £0 DL EXRICRS
ZricELTE, R (E2D), (B20) [p2a) AEn
22D FRUCHEHTY, X (22) pBy B &
OR (123), (B2A) [p.28] Dididz SR L T2
XV, EiFA (R) ofE S h £ W O =i
XaiZizh, h=0M Q&R F(=F) %o
TR 0TF, ZoZeho (20)
T, Fp(=F) OfEZFtETEZ 222122
S
OZ2.7 B EZEBICOVT

W2 SR EANC R T E EHA, 77—V X
POEGREHERTBo Lo TWVWEEESDTY

B, FEERCHER D 2 DTIH?
gZ22.8 [B&

WZERNE MRAERT 2R 250/ T3, Z ZICHE§
WHBEEZTHOERA, LELZRIEa Y
Va—X—0OFIFEL, FMER5I12E, V7
P27 OPFERNEE LET, BT YA X
TR L2BEIRIZ SD A — FOHICHFEELET
D, VI T7BRINUEARS ZI3TEEE
Ao TRERLZETT,

Xﬁﬁm%ﬁ%ﬁ%?mmﬁokfiyﬁ“¥

, BT ZHRELE~x—F Y- 5418, X
ﬁ CT(Computer Tomography) ZF¥ L7 7
Vea—=xvZ, Ay RTV—=  NTUXT 4 —
VRS ERNRH D B F TR O BT
WAk L, I a—R—2ffio TEEGANE LT
5ZEWXHINLIENB TS, 77 v 7RFOR
R, avEa—X—3EFHELEEATL
oo FRIET7 -V ZPREAHRLZDTT, M

Lo M) 2FHT L dic, ZOHFBOH
M2 HTECTIL W E o TVE T,
aZ2.9 B FEZE[ICOVT

BETE (6/2257) A7 4 K 51/59 R=Y DAZE
B, X (E3) [p.)] T p(x,y) T2V TEHIN
TVWEID, ply, 2), plz,2) ITELTHFAKDOR
EEHIMTHONE NS e TEALWVTL x 52
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94210 @& ek Y MET, X (13) [pod) ikzh

DEH TS, THDS5

1/2
M%dz/) p
r=—1/2

= 3 Y Fowesplizn (hy+12).

k=—o0l=—00

(r)dz (9.32a)

(9.32b)

1/2
o) = [ e (9.33)

oo

= Z Z FOkl exp [127'(' (lZ + hl’)} .

l=—00 h=—0
(9.33b)
BHOREEIELTH D 325, K (EH) [p.I]
CFICFIET EORX (B332), R (33) 2EL Z
EDTEET,
gz2.11 B R (83) 1F 3 &It [p.01d], =X (I10)
[pI3] LiRES VS EKREDH

B7HE (6/2257) AT A4 K 56/59 R—=ID LD
Xe FoRcEL T, Lok (@3 13 %x0t, F
DRF 2T VI EIICE-LeoTWEE
SDTITY, EIVIERRZRDLDD FRAT
L7zo AL TW72K ZEIEATRET L & 9 2%
gZ72.12 @E%

K (E3) [p.) &= (Em) [p.I3] oL
DVWTEAEOHETH D, 2IF, BEL TKL
YoTdbHWnWWneEosTnET,

K (@3) [pm] &, 3 RLOEKTH2E
B p(x,y,z) O z-y FEHANDIKIT 2 KTDOM
8, X (O0) [p.rI3] 1%, 2 RITOBEE u(x,y, 20)
Dz HADTA Y EAOEMTT, 20 IZEKT
HY, plr,y,z0) &2 XTOBEETT, Thry
N L C log [%] (Z2TH 2) 138
BTTo 20 -2 XL FHDOE I ZRTODD
THALZDOTTH, ZhZEBLT2RXTD
B pu(z,y) & @ T1RITDB] px) 1ITHBRL
7z, LR LA D DR T hokhr bR E
Ao

BTEE p(x,y,2) D x-y FHEANDIEM p(x,y)
ZRDBIIWEES L6 X0 0w Dk, Hhs

ANDEEZDTT, p(z,y,2) 1 3 KToEHIE
e,

= Y Y S

h=—00 k=—o0 l=—0c0
Fpypexp [i2m (ha + ky + 12)].
(9.34)

D & 5 THRE) S B BRI REUER = & 23T
X5, L2L 2z AANORHESOEHEDEE X
e, | =0 LIAOIREINTIZ, FIckoT
2o TLEY, Fuo 2R T2 2 HAIC
IRE LRV 72D EERK S, WD
T3,
CHICRHLT X CT D54, RDES5 LT
W50 z-y FHE EOWER p(x,y) ROZTH
¥, Thd 7, 220u0 AR EIARIEL T

Z Z My, exp [i27 (hx + ky)] .

h=—00 k=—00

w(z,y) =

(9.35)

D & 5 WHRENT B BRI W REUER = & 23T
X5, LHPLy AANOREOEOHETEE R
e %, k=0LANOREN DI, EOICkoT
2o TLEWY, My 2R 3%y FHENC
REI LR WD IDEZES, 0o ZEeRD
T3,
BELHETHS Y EEBD - a—<y 712, R
(a233) OFELH D, 3 KITZEH OB p(x, y, 2)
D z-y2 RICZEENORFFEE KD 5 FBx, 2 X
TLZEMI DR pu(x,y) D 21 RITZEMANDEHE
E%@i%:tkibXﬁCT@%ﬁ%ﬁt
TRERBRVPEES DT,
B52.13 &R p(r) Z 2 ICDVWTHES TSR _LT
B plz,y) BREZDOH

2F74 K51l R=IT, p(r) & z IZOWTHEY
T25Z8Tp(x,y) BPKREZZ VDL DIDF
BATUL e BE z,y I L CEREF[D KT
THEATZ2DTL LI, ZOHh DOMERH
%, KAOEVELIDL2 ST, RITRHEL T
7272 ZEIEATRET L & 5 D
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E52.14 E& FEKHTOROFRRE KIS
MEH L DIFKERDT, thHRT, SEL D(x)
FTREEL XTI, = Dgexp [i27 (vt —nK -1)] (9.37a)
b N 3 ) =5

E | OEE p(r) AR 2 v S G TR
EFRZET, oM OMREERS , FHD
BFEELDDBEVES EEOEI2H D £3,
7 — U K EBUX p(r) & (h,k,1) = (0,0,0) DE
¥R (BT EEDOFY) v 2 othoIRENIE I )7
TE5DITID, | # 0 OIRENEIIHEAMID 1 FH
HoMNC 2 FIAnc | RS L CThS R, ERET R
OEFEHOBTEE LGB NZRRD £T,
I=0DHEEFITH Y A—arvredt oyl
MOEFEEDRKPRZ L LICRDET, X
03 [p.I], X 63 [p.2), X038 [p.I3] 25
LT,

943 X#ECT DFR‘BICOWVWT
OZ3.1 B p &l3faTeh
HBERTHEHOLLTLESRDTTD, pu ki
MEHEHLTHDHRDTL &I
BAMPRZ A F ploiZBWT, pr) oW
TMERTOIPTETHIE s Lo TVELL
B, 5 1TEHZTWEEVWTHIALWVWTL &
5 7.
gZ3.2 B

poeld TRIRINGRE) 2 Xidh & TT 4 X
YYay (B [m )T, bBAAMER
o TEZDET, Aylm] OE X DRREIINREL
pDRDBDH o7z LT, RICAHT 2RTDIER X
BomEr Iy L%, WEEALEZDED
e X #ROMBE I 3RDOKXTEHAEINF T,

I = Iyexp (—pAy). (9.36)

LA exp () OFHFRLUTHAZRD Z
YEHHEFEA, X (L38) DHED, m ] D
TAAYTareHopt ml OF 4 XY a
VEFFD Ay O FEFEEAICRD £ 7,

B IR ACHBURENE TEBEITR) O EEEL
EWVWIBFWHDBTEET, XHREDKEIE
WHEE D TRIZEHZVOTIVNEED LWV

v ZIRBIR, ¢ 3R [s] Dol r = 0 TORE
&, v IXMIENZ ML, vISIREE, n I3EEO
R, K ZEEHTORMRZ L, kX
BAFTOEBANZ P A TT, K| =K =1/\ (A
WBEZEFRTORE), |kl =k =1/N (VN I3HH
HTORE) T3, ABIFEEFRTIE n fHEL &
D, JEITHE n ZEEPEKTTIHIIIZX L, KT
1.33, K245 2Tl 1.43~2.14, XL YEVF
Tid 242 £ 7o TWET (R 589.3nm), X4
YEYRPEAL LTBEINS DX, EITEN
KREL, KERELJENT 206 TF, JOEH
FAIZIFRA XNV DERIDBR D LB £9, THUTEZE
W (0 L2 ) TR T, MEFH TORDE
FEEEDPNE D, BEIEL R ZDTT,
(k=nK, L7D3>TN =\/n)

X #OGE, n < 1 THROMEEITNE X D H
7D FT, EITRICERSE S (0D)) 2T L
n=n" +in® kb, ZhEX (E32) 1A
LU CHERNC X 2 IRBITEZ BHE T 5 &

D(r)
= Dy exp {i27r [—(n(”) +in®)K- r]}
(9.38)
= exp [iZTr (—n(’")K . r)}
X exp (27m(i)K . r) . (9.39)
Io = D(0)D(0)*, I, = |D(r)]* = D(x) D(xr)",
EERT DL

I, = Ipexp (47rn(i)K . r) . (9.40)

FoX () THoEHEAmE e, £ L K =
Ke,, r=ye, LB L

I, = Iyexp (47Tn(i)Ky) . (9.41)
X (I30) & Higs 2 e

p=—4mnVK. (9.42)
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F$9E X CT OFHIZOWT

TRIIAREL 1 & BT RO BB n( O BRI
FoX (22) tildhxn 3,

033 B X #R8E [(v)/Iy DY exp(—pdy) D
MIEICHRZIER

2 X BRRE [(2)/Io DT ARFX = v L
DPFHETRINEZDTL X HID?

023.4 @&

1 OHIOHI DA BEITIRD $7,

I(x)/Iy = exp(—pAy) = 0912725 &>
REX Ay OB Doz LET, AL 2
MOWEBERT 2 X BBEEZ [I(2)/ )] =
exp (—u2Ay) = 0.81, 3 MO ZZEET 5 X
AR X [I(2)/1o)° = exp (—p3Ay) = 0.729,
3ROWEBBT 5 X HEER [I(x)/ )" =
exp (—pAy) = 0.6561 72D 7,

KT 4 MO DB & TEW, 1 HFH
25 4 % HOROBPANGREA, w1, pe, ps,
pg ot LET, Thz@E#Ed 2 X o
MEE I(x) £ 32 I(x)/Iy = exp(—pu1Ay)
exp (—p2Ay)exp (—usAy)exp (—pusAy)=exp [
— (1 Ay+ppAy+pusAy+paAy)] L= b F5,
Ay ZHER/MNZ LT N RothzdhisEims s e

I(x)/To =exp [— (1 Ay+paAy+pzAy+psAy- - -

N Ay)]. TLOMEE ¥ B L RORNE S
nET,

FoRX (E23) 13X k5 kT TREIN
£9,

log [I;:)] = /yl_/i/z —p(x, y)dy.

(9.44)

LORXD p(x,y) ZEM a, b, 2 XD IR
RS R LTy — ) IR T 5 ¢

w(x,y) = Z {exp(i27rhx)

h=—oc0

S° [Maexp (2mky)] |-

k=—o00

(9.45)

FoX (@@m) 2 y AN —1/2 <y < 1/2 O
PRS2 &y TRNCHREN T 2 HIZIHA T L %
5DT

1/2 o0
/ w(z,y)dy = E My exp (i2mhz)
y=—1/2

h=—00
(9.46)
Mo W&, WZERICH 27—V ZEHUR My, O
h=0, k=0%#D a* FAIOWIHEIIZDRD F
A, WERZ AL X BT (EBII1E X fRofEgt
FHAEZEZT) My, Z2THIGT 205 X7 CT
TFo My ZFHIT 22210 & DER pu(z,y) %
BRT BN TELZDTT,
o235 B CT ORETIRETZ2EINEZ S
e =S

CT DI VITHBIRET 2HBHEZ L WVWD &
IHABELOIPDERATL, ED XS ICEHR
LELRVWOTL 95007
gZ23.6 EIE

R (IZ8) & —1/2 <y < 1/2 OHPFT, y 2o
WTHED Lo (a28) T35, MUK, X (925)
#2535 (020) OEHE, bor TEICTRLE

(9.47a)

xexpﬁzw(ha*4—kbﬂ-(xa+-kbﬂ}dy

(9.47b)
1/2 © o
= / Z Z {th
Y==1/2 h—— 0 k=—o00
x exp [i27 (hx + ky)] }dy (9.47¢)
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BT1.3 B8R At )L RAEFKD DNA 7217H4E
BEIh30h

HOORTX S ZaT734 =N b7/
L HERINIZIE—HRE T, b M/ 2DMEIE
FELRWEDIIZ, WIEST 225674 L ZAHKD
BELRTFTHDE] EEZTWETH, ZhlevAg
NAHCRDBIRTZEIET MRS, B rF /A
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EIE#RIEX, RNA OEERTI A EFhTVET,
RNA 55 DNA 12 N5 ST, V4L R
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figEA L b D7/ 2 DNA @ 2 HFICH 3 KR
fih TIEL, v 4 L AH%®D DNA X, PCR I
Ko CTHERICHEEX N, b b5 4D DNA 13t
B E o TOVWEEHEIRIZENZRVDTT,

FRERGME ) 1, M I RSN DIEEEA,
Azt X, REY Y Loz, fmlsro
BT, Bikodzy 4 L ZAHKD DNA 2372205
7o, WS Z2T, ZLOGEREREIBEI X
T3,

PCR I3 Y 74 ¥ YL L lAG OE TR
TIch b T30, BERMIZEED D DNA %L
WY E XS, WS 2 EARER DT,
BIETEADPRZNEVWS ZEIEHDET, Th
b3, bOTITLEERIEGEE VWS Z
Il I
ATI.7 8 ®HAERICDOWVWT

BRAIDOHFBEREEE LTV IEEMICE - 72
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Y TLEA, OB ICHtEDSH - TH ALRR
DTL k52, BXRIKEIDEDZ WS Z TR
WD FE Lk,
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mamx T AT, AL EMEDLHHAT IHES
BH2eBE0ET, 12:50 fliCiEZLl Dz %
o TIEBLT, FLFHFLIEATVERA, 90
BDTVLEYT—2 a3 Thl, ZHEDE
TALDRA=NDPD & H)RERIRZELT,
W HEEERD TOIFIUE, ERoTVET, —
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WHETHE DY ET,

ART.7 EHfE EROBRICOWVWT

HREONABATWERVWERTT, HEITWD
FTITH>B2HDTL x50, WEREMIIIX
7/20(H), 7/27(R), 8/3(H) TKTTF., 5H
ZEOHr IMTRERT VWS 22D X
T, 8/10(A) 1%, XKEHDIRD HEZARERDT,
REEZITO LI TEEHA, WHFEMPHTH 2
8/17(H) WK ZITOR W I E BEART I,
FEABPFELTVE e BEZTHIUL 1 [E7E
HREERITAET, £/, ZHUES, LKR—b
DRAAZHHIR S FE L TIEFLWT T,

B51.8 B

8/11(2K) & 8/17(H) ITHEEZITVW W E R

TVET, LAR— M OREEHIRIE, 8/24(AH)



A6 ERiconT

127

D 24:00 ICERELT-VWEE>TVWE T,

A6 ERICDOWT

A6l BREDORTDLRAICDOWVWT

Ah1.1 B BRZR2/HALTHRLLHBD FEA
72, 5 H20 H 20 RHOR—=Z L X v =

2T, BEMEORLEZRMT 2 EDOXENH D %
L7253, FMZEZ DRI OWTIZAB L THRL
CBVWEEZTBY ETOT, ZHREEFIUIFE

WT9,
Bh1.2 E%

JFRlY U CEMEFEOAINIABE LWz izl
i l./fCo

A62 HMIZOWVWT
Ah21 8 #HRE, BEEICOWVWT

MR T 20ICREE L Bbh s, ¥
G, BIZAEZEMYSC_EMOME AR EIZE
NTCBEFEEFETHYE LEAPEALWVTLE D
Do IEERFEEF TR R, ZEIZTOWT
W TOWRWEDHIRSEHELEBS LEZTW
F9, TOEBITIDEDLNIBZATVLLEEL
WT9,

BAH22 [

Mix, 77—V BT 28R FE LS EED
1S F o TVWERA, RIZZARITHERVD
T3,

Google R ETHREEZNP T DA YR —Fv b
BTk A B ED RS > TVE T, REEHIZEAT
WZRZ M 2F>TW3 7o O RERE TS
HELDD FT, L LEFERREEDRZ b
BFResNTED, KETHEY, FEFITNL LIV
DEMHIFE BIZDF, Fh % Web ETHER
FHELTVIADLLIAVET, £I0Void
HOFZFOI Lz, NI T7~=F 27 0RPEH
(7<F 27 DBFE) L XATVET,

TODREEE, BEBHIHELHRLTDH, WAL
AERERETELIRRICR>TVET, b
AHAREE, BF¥ERBIELTHH-oTHLVOD
TED, Throolit, B, BB WTY
*F 27 DRLTHREDRKEL R ->TL 2D TIE
W, EEZTVET,

HRE, SESLIPMERFEO RGP
bHoTWwaeEHnEd,
A52.3 B RICDOWT

HERFIIT AR ZOEEDH D, FH
T2ETIHEBCENLEEESDTTH, 21D
(AR TR 2 Z e b EALEBVET, K4
¥ Web st EHHETHMER I N/ & WS T & TLRD,
BIITOBREAPDDELEOHZITVEEZRZN
T,

B4 B

7=V TR, 77—V BT AR, A
2 1B o TWARVWDTY, 17510 —X
FREARCEL TS, BRI > TR L7
DTTH, Web ETHARIHZDO AR NS AR
e oL TEBY, Zo#ERRORDEHD
Ry, 2TA VX —3 v b LORLFETITo TV
¥3, ZHUIEA VEZ =2y MIEITT,

RHEEZFHNRZIZLTDH, Google TANTT 3
¥, IR ZDOEKEZL DRI TE LT,
TERRBICE LTI, A &X—%v MRS, &
HoTwWEd,

ME-o THMOFFELHRLIEWVS XS L
ZLRBRWTL 723 W, Google DEIFRFERE b 15 H
LTWET, REEDARDLT, N VERLT7 IV
AFEDFL SR RETHATVE T, £ ¥ X —
v b EDOHBFEIC, HERECAERLZHARAN
DHEE > THRXZHRLEVWIELRIEE LT
BRHR, EFEWTHHE L, FAdZ5En
£9,

A63 LAKR—FKIZIDOWT
BAh31 BMFETOLR—FCHREREICD
WwtT

HEICOWTHEBDG D D £3, WA, D
FEDOERERT 200 KO DL, D
EHEHRKRDTL & 9h, £z, Word fE T <
FHZOLR-IPTHRUITM-oTHHRAETT
LoD H, #hiLA o KEFHLFEERE
(N DX RPN LTERSLHETEZ L AR— M
FLE L 72D RWT 3 0%



128

A Zofio Q&A(2020 FEE)

Ah3.2 @&

HRONFICOWTER LT RSV, X# CT
WZOWT, 77—V IZEHIZOWT, F4F7—DNN
RICDOWT, REBENBEORIEHHEICK > T
LHEORVLUHBENAREKICOVWTTHME
A,

ZigRL, KARLTHEHLE > 2581, 15
RSk oIEHE I THAKES @ #AMF (2020).0 @
EOIEHABL TRV, ZhiX, B, ¥
M zMbT, 7794 X—rRikwzE51HT
5 —fRNLFEZTTY, EXO@mXDGE, [T,
Nippon: Private communication (2020).] @ X
ITEZET,

EB33 8 LR— D7 71ILERICOVT

SRIOHFHBZCHEL LTLR—-MEH LD
Bwngd2, LR-PDEKX (word, FEHEZ) I
DVWTDIFEREWEHBTL & 5D

T/, HIRKEETTEHD T LD, B
FEZOWTRERD B oL CBVET,
HIZED XS THUTEVTL & 520
E63.4 B

word T® pdf THHWERAD, EF 774
NEFNDRX—=NLT7 RLZAHTHESTREW,
BB35 B LAR— FDREICOWVWT

HEICOWT, DO HED Wi-Fi OFE TR
rugyiuc LM Z 220 720 TFh, 2
Hiz EDFFMiEBZ TV Z & 70T,

Bh3.6 @

PRHARIE, 2020/6/22 D 24:00 £ T LE T,

EFRICOVWTALLDZ Y | ZHABALTRX
W, WO T, BRI IhbIZEFTENS
HiFA & T TOER A

Ad, THBLE, 5 RN WS 22T, HHIZ
EXLTH B THVWEREA, 77—V ZZHIO
WTTHWVWWL, X OCT IZOWTTHHVE
A

TOVHEARE LLREE WO DIF, BHED
WDTE, IR TT,

2020/6/22 @ 24:00 £ TIZFEMK L TV 2 HEIX
724, B4 MLEARIETTOHOEL A, K
REHARIE 15 FlO#EEIK D o7 H L ITHIT F

I, ZDLEFTIFERIBTTLEE W,
A53.7 B LR— FORESEEIZOWVWT

¥ 7 ZHUFERONA L I3FRICEGRR WO TE
D, MRIZB> L2 > TWELER—MIOWVT,
HoZ XS HBETERL /72O THMAL CIHEX /-
WTT, mDONEDI b ENrZEEL K- T
WKEEeHD, LWHIETL X I
A63.8 @M%

AT < A 1 ERE, SRR ZET T
LR—FOEHZRD L5 EBVWE T,

ZBENENL SGVHIETETWA0ZHD
VOBV EDHNFET, k2, RERICHEYT
00T 2 kb3, KFEREERDNEIZ
NEBD7ZR WS 2o TwES, Thr=v7r
HY ey FEZRTZV VI, 25
WO IRBIZIER TR LW E WS BRI H D £ 7,
BE639 B = 5—DEREICOWVWT

27 —DIERICOVWTHRIET 2 DIEWVWDOETT
L & 2 2%

B63.10 @

ZHUTDOWTOREFIRIZFR T EFEA. XDV
R— MEHIER (24 MLIZEH) & 2020/07/27
D 24:00 12 LT,

CORHRH LU AR = MTNET 2H0ETIET S
MLT, ZFHEEED, —HHERTELL A
DVTENTLEI WV, T HRVERTIZONT
HRPEICIEC T 5 &K D, ZilE BB Hh —HHfE
TERIZ, MPRPBX 2o TRELTL
7ZEW,

REERCKIE, SAP—HBRERLOTHA
THUENND T,

AB3.11 B FEZTOLR—FIDO2WT

FMFEARNCE 2 S YV 7 b XD B ERETHK
EVWEHBRDRTVOTET, BHHT 74
NI U THDDhETEHE W EER LD (1
THEALWVWTL x50
B63.12 [@%

i, FEETEVLZDDERF v F— Ttk
o/l R—F, BXOBXzFHFZTHFOT
DIV R=-rDEBELHZIIT220H DT
o A —&R—ZAFTDOLR— MEKEBE- T



A6 ERiconT

129

MUR—-PMIRBTFEET) 2VHHERDDD L
BuwEd, zhtaERRIGRBROREETE
ZLDFFENT, AFHBRORS Z57E o7 A
WX,

LD LESBROFEEERRERD L2 E R
2 FEZ) YTELZRIRIEELT, F—
R— R R%Zffio THELIEZ M0 7
BB one BnEd, ZHUIFRROEFETY,
X B e, FEZNFINL L ZAIE, 1Y
ZWHHDHEEA,

X, FEPDDOTILABMAT, ¥F—FK—F
DITIAYRRYFHTEY, SVRDXTINY
Vo 7 TIHEFTT, ZAUIRMCE o TRER
NYTA4Fx Yy SIThHRoTVWET, T, FH
IV EINDZDIE, BAHEITT,

FEZDOHIDNEET, HLTEDZL050H0h
DETH, NV arifo CTEHEELIEMET
X LR BT TLIZE VN, TERVEAD
EODHETTE, 774 YRRy FIILITTE
B5E2ITHoTLIEEY,

A6.4 FEEDEARICOWVT
B64.1 ER Web TOMEEIZDWT

RED 72 THAEIE Web DELIR D & fik 72
XoTWideBo L TWELRED, HFELTL
2ZrRk¥EHYETH

KIZOWTOEMDEIETIE, el A & —
S MEFENZeENTWE LD, LR— R
COXRIZT 2B ED LS 72Y 4 PBRVWE
HBDTL & 2D%

Eha4.2 E%E

Web 12i&, D & H 560 BIEMRIELD > TV
F9, X2V T4 —ICBLTE, OSDEFxa
)7 4 —HREZ ONICL T, 7 4 ILANZR -7
EDtFXF2 )T 4=V T A VA= LTE
(ZeZBEIDLET,

Wikipedia] &, FEHICHRN R ERIFEMTT,
fGoogle] DY —F LI T, HIZIX 77—
Vi) T4 72—y e AhLTH
By, WREBODKR—LR=I Py P LE
J, ['Wikipedia| @ URL & H DR L
THRREINE T, #ZT GooJl &2 'Yahoo #l1

MR R HIFEICHMEO SV RS ER S
NTWBZERHDET, MBRLELF—T7— NI
B3 2E L2 SARVIHATIE, bDTZ
CMBRIZZD FF, THERGLHEDLIZADD
FID, BIRABRDOTERTLIIZZ W,

FRAFEOIEY — R, YD X5 RIFRE
HEEETO0, ZHID 2V 21 Web OHUH
BT,

WHEBR P ZHRDIICHEFHEID DS
PICERRET T, HREOEKRIZ I TldRk <, £L<
DRI HEREDTTEET, MiE-TDH, K
DEERRED LD BREDPZIEEFILENVTLE
W,

Web 1%, EXTE OO TFREKEHTS, -
%, ZOVWOIRRICEZTVEDTY, £S5
WIS RRICEZE TV R ICER I ARV AIZWE
Bho BEICHERNAZEFERRIEHED R
T3,

FAZ LaTeX ¥ WH 7 V)=V 7 b7 %ffio
TIDHEBRREEVNVTVWBEDOTTN, a~vy PR
EREZ ZEZRL, EWTIZTANT Web |
DFLHTHNE T,

A543 B Web TOFEFDOMFEICDOWVNT

Google OFIFRIERED IR I 7Z L D Z & TI 23,
FEEOMERE D 2 OB DIEH D X A
B644 @

LDHIDOZ & TF, REBRIXFHFE LS -
T, LodhisEL T 7Z3 v, FAZZ - T,
STHBMBLTVWET, HBEDMLIZ o TES
L, RIS 3, FEHETHHEALD
JIa=F—yaYPELABRIERDEEA, 7
0—727 VRFEGETHMTHEEUITDVD T,
HOCEEZDTEDR VW i XS bhroTnE
T Bho, 3T 4 TMADHGEEFITOT S
R B D FHA, TLEYT—>arPaia
== avPEFRIEEZARIMETVWS
DLIFTEDH FHA,

HAANTEREID / —~VEZEE L, 5156
XA, 2FBEIFFKIR—EBX A, BHKIAZT 7
42wt DORIFZET LR, 3 AEIE, LR
RBEXATL . BERFTO b > 2 VENR % FRE



130

A Zofio Q&A(2020 FEE)

L, THFXAA—FEHHAL L, HEKF
HFORYTT, ILIHXAED S —okER{ILHE
LTWET, 2RUIF /777 vy —oklz i
W AT TFORIETT, LT, 3
S—E ) =~ OVEDRGEZLNTHVWVL BV
DT, L2LIKHIADTLEYT—>a D
MNFX RITEFLHD T, HRETHZ A
RICRFERDIZ, HETITLITHMENZ DR
W, WS LK SWEKHARDTY,

T, AOFEBREIE, ZEEOHEIA LR
T 40 FEONDTT, 0 F VSR TLARLSEW
R R RR L TATL XV, ZiHEEDEIAN
INFEFTCHEETELANEZDE 2HAEZZREET
I &

MR TRIR L L, WO RBREICE LTI, 40
57385 DTT, Google DENFRIKAE % —FE{H -
TATLEEIV, RIPFEEIERAZRS DT, #FF
WiIHARENPRREINE T, LrL, Zanbd
L LB £ 3, REGEFERETHhIEVWHE X
bET,

ZFR e HENIAARFEDHR LD Google DFHR
PRRETHATE T Lo RO HAFETHFVWMY D
NETHENT WD LS BRIBHDLD 2 DT,
A543 Bl ATOMEICOWVWT

RKTHETH2DEI AR XTI H
B64.4 EZE

EROBRER X, 72T LErATY
ZDTCRKESECKDET, TRTHEDODH D
%, BEHRTETEVWE L, 1 MEEHe 2 TEH
ZET, 1EL, S Taniy OFok772H
ZOT, FAEBIETIEELTIEI WV, @8
WHIRELLLOMET 2 2 2idkwy, Rkl
BbOFIMEDFTARL T LI,

D> TV B DX, M HESANCE - 72 hw»
REPDTT, 79y 7OREEEE 25 —DFF
ML, X REHTICOWTER L ZIZIELToA
KB XA TWET, WhIXERE MRS 3 7=
DICREGAETH, HROMRE T2 DIFH
WP EIICIER Ve ZATT, ZOMTFOEB
B [pa] IR Lk (77 v 7 OGS,

5 T ORI, TV b DRSS DT
HdIr)F, BRECLCEHEMEIE, ZLALH
PRTOWRNWZ ERDOTIRIARL F L,

5% B & [p.63] OffEMF L X # CT 2 U o)
S, F#EDH ZD XS RERE L TWRWDT
e Dicilid L % L7,

A65 YIRIITIZDOWVWT
B6H.1 B LaTeX ICDWT

Word 125 28 ATID Unicode ¥ LaTeX @
EWHAZRDOTL & 5 2%

A6H.2 B

BRORBJcHrirTid, chkhBniy
TP 273 EFELBEVES > TV 50,
LaTeX 3 CTT, 7272, H2HEERKEDa
<Y FORBRBETHEIEHVDIEFHEHETT,
L LKAERDY 7 b7 27 TH2B I L bl
1T,

B Z2dRT IFlzr1&—) RETX
A 7T ERENRDHD T, 'Word) TH XA ST
X¥9, AAdEFhOEAEHRLE, FE2oT
BODITIAV Ry FHTEEFEA, ZNTH
ffoTW3iZY, LaTeX XM NIHH2DTT,

av Y REENS, Web THRNE T,
lGoogle) RYTHEIT 5L LaTeX Da~v ¥ K
= MEIV S IEWVEED > TV E T,

ABH3 &R 77712V T

EERMCIER XN TV 2 208 XU 3 KITD
727 OB, YOX5%Y 7 MEEHL
DPHZTWRITEEH5NLWVWTT,

AhH.4 @

a3 [p.Bd], X @32 [p.B4], X @A [p.Ba],
A8 (c) [p.BH], KB [p.08], XIB2 [p.4], XIB3
[p.20] 1%, 'Gnuplot] EWS Y 7 by 27 %ffio
TWVWET, ZOHKARERD 7Y -2 27T,
'Google] T I'Gnuploty & AjT 25Xy ya—
FOY A befnhEidiR L7 URL 2k v bL
T3, VA ERRBR LA DHZ2DTTH, £~
R—F v FDFR—LR=DIZWB AR NDENTT
ZEABLTWET, 2 X0t, 3RXTDOEERTF
7OHETE DT, BEIDHTT,



{JEx B

Z DD Q&A(2021 £

B.l1 RV KMILDEEICOWT

B.ll B WE (RAZ—R) 2EERTIER
Ic2WT

NFEIE, E5 WO HITERT 2D TI D,
B.1.2 [E%E

W& 2 OMWEZ R L 7250 2 5t O f% L
TR T,
BT12.1 AEOHE

NHEDFHEIX, 32 7=2DRZ LD T %
Hyzrzick{Hwohd, XZ L CED
2, zhzh (1,1,1) £ (1,0,0) TH3 L =,
N7 MORTAE LTI, TRHDODEX L
WD ER DS, V3-1cosf=1, L7=doT
B = arccos(1/v/3) ~ 54.7356° L EIHE T B ¥
MBTED,
BI2.2 XY MILOSF

WEEX, FTDRZ MADB S DT bL
AD T§¥] REHET27-DDHEETH %,

mkg OYIMEADS 1 ld 2 & & 2w n’
B F, 3, $hEA A RAE (e, /1MA) 12 mgN(N;
—a2a—bY)TH2, g FENMEET, g =
9.8 N/kg 20k g~ 9.8 ms™2 TH 5,

BlZE, PRI OFHANCEON = L — T HI R
INTVWEIHE, MEOEFHZHAL LS5 T 5
&, BEHOLV— VORI (e,) ND 5 %
EERTIDEND B,

iK%z L —icih- TRENIXE 2] F, 13,
F.=mgey-e ERINDILITIR5B, PKIC
D0 B NP BGPWIHIC X 2 T TH 25E bk
THh5,

131

E[E)

BT2.3 X #REIr& 4ozt

B (%5 B &, XA [p.H5] OFE) ¥, 7 v
IORPGFEMZELARLHTH 5,

HWEK Ry & Ry &, #SHOEF (FifiZss
TR) THs, X#EHFTZEART 2 7 v 04
ZthlX, FEREFDOIRTD Ry & Ry OFHICH L
T, Ro & Ry W&o THELE N2 I DICIE DS,
X MRDHE X D no 5 (ng 3R THZ 20D
e xRid T 2% MTH B,

KT TRLZ ARy D74 > X kike,
FU< BRy XD FRTIE, R L —THivk
HFRITITERE TRV, Lo T, fRTRL
AR; & RoB DR X DEZHMm T UL X\,

Krobhrsd X512, AR, = mcosa =
So-m, RyB :mcosﬁ =8 TTR;’G%
b, 89 BEUW s 1, XIRDAHB X ORI

B.1 ZvzoRGFEN



132

153 B oD Q&A (2021 FFE)

(a,d,, by d))
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2%, CEEINCHEZ ZOPRDBEE L,

% B E §832 [pod] T, =L DRSS
e 77 v ZORMEMEDPEMTH 2 2 & Zalk
LTW3, ZoZr%zprlR (BIE) p.oy i3,
N (BX) Ticdh S 2 FEofERCBWT, 7
7 v 7O RFHEPEFEEFEBTELR > TV 2R ER
LTWB Z 2 IZIEDPRE B,

DFoAcidiban 2 3@ —XAHREADLDH -
7ol § 5,

a1 + b1y + c12 = dy, (B.8a)
a2 + boy + coz = do, (B.8b)
a3 + b3y + c3z = ds. (B.8c)

A (B=d), (BXB), (B=d) 23202 FHD S
BATHLZrz2EET e, X (BR) OIS
BRI, 3KMOFHORMEEZ 5,
B12.6 #Dagid

X512, X (BO) TRINZFHOREEET
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N P LOAER VTR — LYY R
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FEFRT 5, N (BR) [p.L32] /05 2 HH Wil
FARZ b ha* +kb* +ic* D&, JVIDK
MR- F, a¥, b, c* &, HARIENS
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= / Z Z — My exp [i27 (hx + ky)] dy (E.5b)
y="1/2 p="128 k=—128



E.2 CT oFEZEMGL 7 —V 2 Z284% (Wi22fB) Otk 147

127 127 1/2
= Z exp (i2whx) Z [—th/ exp (i2mky) dy] (E.5¢)
h=—128 k=—128 y=-1/2
127
= Z —Mpo exp (i2mhz) . (E.5d)
h=—128

A (E5a) ¥ R (ESd) o h» s, KMEZD (b) [pEh o 7m 7 > 4 vk 7— 1 TREER L L
ED, —RILDT7 =V IR Mo 2182 2D TELZeDbh 5, 2, KEZD (c) IRl
—~M(h,k) DRI (-128 < h <127, —128 < k < 127) %, k = 0 ODFRWT 4 > THIW L /=W
WKIED R o730, IEZDIWRT L5112, HERzZRIzEETEoNL, REZD (b)) o777 41
o7 — ) IREUER L, 7—V REE bk ORI S FVTWL ik, KEZD
(c) DX Sz, W% u(x,y) D7 —1 ZZHEG M(h, k) 2G50, 7—V Z@ZEHUC X DK EZD (a)
DX CTIEPHETELDTH S,

EZ0 D K50, #EREZEEIER0 S 7 — ) ZBWMEELIIE L, ZhE h-k o2l

HEWVWTWL DY, ZORNCEH B §E32 [p.imd] 2R L7z & 51, K (IO8) [p.rdd] Ddkic L7
Do THDZFITTIREND 5,
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The next page is the beginning of Appendix H
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fJEr F
RORIEZ B EH T 9 2 54

F1 EC®IC

BOE[pO RAue2o74—0FH, HEE pEY ERTHIORE I2B8VT, BHKOR
Mz, =ABRCIdR BB TR L7z, AT Z oididEO G IC OV TR T %,

F2 1EBERTROEREZDY 3BRONRE

e, ey e, ’EELW;L CFTHHANRT PLTH B LT, PEANRT Pk (k=ke, +kyey +kze,),
REE L D, B%lt, BN Fr (r = ze, +ye, + ze.) ICBIF 2, BRAKOIRIE D(t,r) 1%, —fi&
WCRD &S &\—naﬂ}é N3,

D(t,r) = Dy exp [i2r (vt — k - r)] (F.1a)
= Dy exp (i2wvt) exp (—i27k - r) . (F.1b)

Do 3% 0, MiBRZ FALOFAICB T 2IRIETH 2, D(t,r) BEEKTH 20, B (BRBEE)
&, D(t,r) DFEHERZ VL iﬁﬁ%@&%%ﬁ?é WS BERONHEND %,
B IR AIE T EYEI DS , HORIBZDH DBEZETHD, Z0 XS BWHEITR WV,

F.3 #HEECERICK BUE CRMEIC K BIREIIED S5

N (E1E) 225X (EI0) NI, fE8EZHWTW5, KEOES EDIHS =/
k%%wm,M$%@ThWZu%kié%@E% MF Bz t#f%%#,ﬁﬂ##%k@%ktof
L%,

ZDZriF, HOE§EI [p.ou-aa pB2] iIBWVWT, 7=V I/EE XIS, KT, =KITIC
JEBR 3 208, =AEREH V2> 0 A UHEEBIC X 2,

F4 BERTOROERCERERTE

BRGRIC X 2 YHEHHClE, RN X 2 RENEZ M3 2 F&IE, 133y, 22T, X (E18) ©
RERIDIEZ B L TRD XD I 2 Z 22w,

D(r) = Dy exp(—i2nK - r) (F.2a)
= Dy exp[—i2n(Kyz + Kyy + K. 2)]. (F.2Db)
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Lo (E2) T, R b2 RFO K Titdh L7zDIE, ZORPEEFZERHT 2K TH S Z
Y RTRT D TH S, Wh  HACEEL, K, =K, =00t %, & (E2) &, ROX 31255,

D(z) = Dgexp(—i2n K, x). (F.3)

ZOWHEZERTIER L, RRIURE g, (FEO) BT ) OYhF2EHL T2 T2 20
RIEIIRD X 51272 5,

D'(z) = Dy exp(—i2nk,x) (F.4a)
=Dy exp(fgx) exp(—i2mnM K, z). (F.4b)

LT, WEED exp(—pz/2) 2725 TW2 DX, FEOME |D'|?(= D'D'") 3, exp(—ux) THRE
T30 TH5b, p ZEMTH 20T, HEREFTEn (=0 +in®) OEEKD n) 15T 2 2%
25 ZeHcE, X (E4D) 13, ROXSITHZHZ LI HNTE S,

D'(z) = Dy exp (—i2mnK,x) (F.5a)
— Dy exp [—i27r( ™ 4 inD) K, x] . (F.5b)

L7=dso T, $RIIUREL 1 & BT R 0 B EUR 5 n() ORI ROBEZRADH 5,

= —4mnWK,, (F.6a)
n( = —MLK (F.6b)

I X 2 OWRNEERENTLROBEETE LTIRZ 2 2 b £, BEREREKcRHRTZ L
DAYy bTH5, R (EF) &b, IEBEK TR NI T, BB MUVCEBS Rk
Bk h, BHWEFTORBOBMELFTARL TVD I b2 5

F.5 BRGKEZR > fKRDT

BORE, KED [pe3 iITRLeLS1E, ARBHOTY DS, T TICFEKTIIRL,
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BrEENT s e Ttitihdhsd, Kk, ZEBEoREIcEITRERRY b, e, e, 1%, KICEHE
T, AWITERT 2HART ML, Ad,, Ay &, B FHEDOEEANRZ P I ST TV S
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D(a,y) = / / 5F(Da, Ady) exp {—i27 [K + K(Adses + Adyey)] - (zer +yey)} dAddAs,
Apy J Ady
(F.7a)

= exp(—i27K - r) /A¢ /A¢ sf(A¢g, Agy) exp {—i27K [(Adzx + Adyy)|} dAg,dAg,.

(F.7b)
R (E7d), (E78) 1%, HEB0EAIZ W TR I TW S, =AM INEEM T, (XX F6E
RIFEEMICTR o TLE S,
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ORI H 2 sf(Apy, Apy) &, Sl & TN/ FEBER T DIRETH D, XED (d), (e), (f)
P53 TRENTWBEICTS 5o sf(Ade, Ady) &, FIRHCLHID S BEIA S FASFAI BT
% ¥ (Sensitivity Factor) T H D, B THFHOHER, ZAXIDHIRZRZITZ %5,
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RIcEZ 2z ickD, Mx)=] ZRGAD X 5
W Tf(z) =1 WERDZZEDTES,

Tflx)=1 O T=) OBAEZIVY I LD,
X2 —N—THFHAI Z7 Vv 7 L n K&,
STCRBEET)) ONEICZ VU v 7 LTV
HAKGR TH 2, Y1 D EFEHITKY 7R
MHLZRXEFRTZ L, IGAD XS ITER
Xhd,

S OREHZRYy 7 A% 7V v 7 UTER




G.1 Bz 7 1 X—Dffin

153

Flag= Z

n—|

-

G111 1 OREHEZRY 7 AL FEL
iEERA T

T LA BH EldewE B8 =T THA> SEAAY

gaEm;

Zhofificz>TWwbdDlx, XOXNTE
ANd7— ) IiEECT,
TET. E
HEHTE
rEAEW B

K G.12 ooy & 794 ¥ 0—E» 538N
LTZ Vv 2

DoREuEaEECE

G13 [F¥A v o—EroERLTIZY v

L7t Te* (b &/ P EXT) K&y 22
Vo 7 LTERRSELON, GCINTH 5,
MGIOTE, I IO TNEH LRy 7 RIZTh =
—] EAhERATWD, 1) ZEffExFLY LT
XA TENT WD, [ BEA T LedbE T= —
TR A ST B, Thnd T EFEER
MENTLESODOT, ARHIF—ZXA 7L TH
b l= —) BRATTEREND 5,

fooy 1, G TF¥ A4 Y] —Er62Yy
7 L GERT %, Too) 1, EBEOEDS 2%KH
Whd, G2 TF¥ 1V o—BoGRZ22
Vw232, NGCR@EDEIBRINEY X
Za—DPRREINS, BAOGLADITHELR T

& ' =R Ty

]IIIIEIH“.

IEI 5 er |vx JL & {0rsme
]BHEEHHEH... ﬁ%szm%/'me ﬁﬂ%x&ﬁ?n BE Prey
ESLRALT Lﬁé/Tﬁéi?
CRORFHRICE>TwEDE, ROR
Ins7—YIPHTT, .

[E| ‘ (EDNB LE FREXTE

£ = Z i

G.14 TR EXFOHFITE 5T A EXF
XA T

G.15 T EXFoFIcE 5 B &7
ZRAT

G.16 BHAEXATLKZIEIA

RAEFTDIFEALIEX, ZOX=a—DEIML%E
Vw7 LTERT 2, —Bigkho THRRE
Nz,

S offhe T,y efT21id, NG o
TMIEXFORY 7 Z2OHIZ, X512 BT EXF
Zty LT, IGCIE O &S5127 %,

MGIE BB 2T BRI IATDH D,
fexp) DERTE Texp) D XS ITRHATRRE T
2HENHBH, Texp()) DL HEMETHA
735, Texp) ZHBICBEBTH S Z L 23R
LT Texp()) DESICHRENS,

fEMoHE Ti2nh/a*z) T Tn) 1%, G2 D
SRR TF—EOA T CH 2 FME =M%
Vv 7L, NGB 2RIV Z, HOTLK
YA 2= ¥V Ty XFE) BERTS
E, ¥V XF—ENRRESNLDT (0 27
Vw2325, Th)ela*) 13, IGIO D LIZH S
Te® (BT E / PISCE) K2V 22V v 7 LTA
N3 %, To) Pa—<> (BHETRVWTF) TH



154 15k G BT 4+ X—B XU LaTeX OffiVF
A A5 =D SIRE LIz R v
T,
- S ¢ L 5 O
e? fe 7 | 52| coxris ceme Bms rmEEz oz B
cosf = (4.58a) JUT) == R & i
2 A:
. eie _ e—i@
sinf = 51 (4.58b) 5 .
M G.17 8%, 1K (2560) [p.ad L F o
LEDNEAM
|¢4f dy Ay dy 5y
- — Jeiicle = i i =
A4 Z—DRADPLIREL KB TD
WY TE,
G20 feosf =) &RATLTHS [4(5
e EAALES, )1 220wz
K G.18 AXEZITLHIHALREK
Ry 7R
X G.21 EEODEEERLI-ZA

G.19 Tcos) ObrIEAREEZA TS

MENDIERE, X=a—nN—0D [FK—4] 27
V27 LTCHE, 753> 53 BIUI @
HIROARZ Y [T (FUE; Ttalic) 227V v 73 %,
ROD L I2iE, ZZAHEZVWLOPANTLTHL S, K
GI68 GiiD & 5 BB EE 24 7T 5,

M GCIR OFAAR Y 7 2ZHE RO REHZEZ Y v
7 LT VA 1Tk T0WE Z e RERT %,
BROY 27V 7L ThHAZ2—N=0D
TR—2) 22V L, TEE © TGHFERX
V1RV TR, BABFSHERIIKS,
BT 24 258 ICHEBRICT S, B
NEESOWAELRI S 2 212k 2, BB EKORE
i, BRobroZaZ X4 TLTHAT %
DHIERT 20 CTHEET 2 e TE %,

GI1.2 38DAH

RFEFBRO K 013 [p.oE] (HEZE R LD
G121 T3,

MGIRE, AXZSATLIHE, RDITDOH

H . .
819 g 8—19

cos B z—r

DFETEDORY 7 AEFEIRLTRE AN

-

G.22

G.23 BAEHSERAT

fTa—Fobric, X=a—»—0 HFA] 27
Vw2, HOKHIH? It RXV] 7V L
T, MVEROHAR Yy 7 22 RREEE A
THb, XGA [phal] & XG3 [p.Ia2] T, 17
WE— FTHEAZFHA L TH oM ERIc L
7203, AXEHATL TS AL 22V v 7,
fr R&EV ) 22V w55k, BAKy 7 R1E
BAID MR Ic i %,




Gl BT 42—

155

X G.24 #HAEar—&~R—Z

X G.25 e L 7%

(@, y)" = R(0) (w0,y0)" DEXIICEZNEB, TiDE
) _ [ cos —sind 20
( Yo > N ( sinf  cosf > < Yo ) (8.6)

M G.26 #HXoHFATHIZRBT %

X GT X, 0Ky 7212 Teos) ¥lo72H
LRZEHZ XA T L TERINTVWS, 7L —0D
B 101 2, ¥V ¥y FE—ErHERL ThHh
5, ARHIZF—%2X2A 7L, =) ZEANILEHE
L)) BV 2T B Y, MERE
N5, TZTEEOHELERT 2, KNG
DESREXRENE, NCRDESZHFLn
IR E AN T2, HIEXFOLL TE, K
G0 [p.I52] L FAEETH 3,

¥, LoREBER LT [Ctrl]+[C] T2
v—L, RO, &fTa— RO [Ctrl]+[V] T
R=ZAMLIEZIATHD, R—AMLEREE
ELTEELZDONPKGZE TH 5,

SERR LTz 5720 DR, BRYIORDOEKEI T, )
(av=) %, SoHORXDOKEIKIZ My (B
A R)EFIOZENEF LW,

G113 TRHK L 1TFIDAN

AR, H0E, XD pm 2KRLAED

2, RNGZETH 5,

X G.27 TP r &4 7T3

?zjxﬁm%ﬁsnaoftb%¢

M G.28 EffEXFo IT) 224755

X X
i [e

n d 1 . e :
YX ., X AO}sine G Jm
S8 | EEEFHE RERE By AREET foc BE 7revh SR
- = E0 - E T e
g FREE
LEDNS BT &/ FHEE
.j—-
X S x ny

-

X G.29 LEffE/FHEXFOWSE XA ST
23 XDITHRE

MGZE, ToxsiIcRINZ, bbb &
RAT LI, RO Y A=YV EE
X, Xma—N—0 Al Z2Vv 7, In KX
Y17V LT, fTHE—FOHARY 7 X
EFRRLIZEZATH 5,

X, Te( &/ FT&ECF) Ra v
27V w7 LT, EECFICT) 2L T L
LIZATHR, Zobe [T) OEFR, Z7L—D
HrzEr7Vy 232, NG TDX51Z ()]
YRATLTHS, (Lt E /R &EXF) K&
Y1 RZVyZLT I (av=)) OFifkic BT
T/ M EXFOMAZIT TS E51CF 5,



156

18% G BRZT7 1 XA—B X LaTeX Oy

x n X il . ' .
yp e |vx [, 2 {O}sne G Jlim
|[EiE TS sEE By ABEET Hor BE Pyt SBt
- = S 5 = e

L&/ FREE

£LEDNS L&/ FiaXE

* (e yo)™ = RO)EI BT & 5 it

Ins, vabs.

G.30 TMIEXFEXATTES LITHRE

G.31  SERL AT

> v 28!
CCEEEE 5 e* %% [, & sme d im A
Bl m;gjﬂa NEER B AZERT |92) R 7T g{,@% ART 137

B poT

¢ =3 )
121 [ =] ezl

[l 1= Jail i)

HoTemE

(x5, y0)" = R(O) (o y0)" D & 9 I 7Ll &
Nz, Iubb.
f

G.32 17z G LB D%

M G330 T, fixex47LThs, lef(k
ft&/FFExF) K&y 2202 LTI, (2
=) O MM EXXFEZI TS EL51TLT
H3,

M G330 T, Tz, yo) XA T LTedt, TR)
Zz Ry, EffED IT) % TT) KWEBELTH
%o FARDEHIZ, X=a—N—D [F—u] %
2V 2L I7x> 1) oo IBIUJ (Bold,
Italic, Under bar) 227V v 7 L TIT 5,

& 1 - Word

Q EFURMEREAALTU al
AFEEEE ; ef X [, £ {Obse g km AN
H][e][1][x]5| ##| m;gmg ~EER W ARET oz BE T/b %gg s

wE EEH

(%0, ¥6)T = R(O)(x0, 7o) T @ &£ 7 ICalidh &
na, $hbb: bk

(£)-

G.33 [Pl % X4 75 5 Ul

d

e R—

GFe]ix I & Orsme g jm A [
[}ﬁ TS TR sHE 155 ABEEF po7 B8 b gﬁt EEF il
Gl S R R I R T

L&/ FHEXE ~

SLBEDNS HTE/ FREX T

Tl E % 2 A 75 5 i

G.34

G.35  ZERL7-%GN

N G32 1%, TABROXDITORITa—FD
AC T X =2 —N— |, In KZ> %277 LT
Ry 7 2%F£r28, 1) =001 AL
LIZATH?, L ()IE, XA TT35DTIE
e, MG3A [()(ol) KRRV BZ VY
LTAN LRI RSV, T=] i F—KR—
0o &4 735,

M G331, fTAlohEE X4 75 3%fHE L
e ZATH2, WHIFAHICH B TR L
Y1 &7V 2 LUT, T EERT 5,

G303, FIR2 M LOEEI, B E /RN
ENFEEYy ML IATHD, ZOHIFEE,



G2 LaTeX D&y >u—RgA YA +—Ib

157

Google

Q. | texlive

Google T Ttexlive] ¥ AJJLTHE

G.36

https://texwiki.texjp.org» ... ¥

[TeX Live - TeX Wiki

2021/11/06 — TeX Live (& TeX D7« X
Z260OT, RETEEEN(CREEN
Microsoft Windows - Mac

G371 HlEMzL Ty F L= ITeX
Live-TeX Wiki] 227U v 2

YRICLTITS,

M G35 1%, B 2L A5 TH %,
BRODL TV X F2TH, ZHZWL DX
A FLTdbr, ih—0) 7V v 7 LT 1%
PHFEBICTERE ) v 7, BAROMN
B, Bl BAFBSoRoZEADEL THEET
X2,

G2 LaTeXDAOO—FE&A2R
k=L

G21 LaTeX@Ao>O—F

¥, KG3Z DX 512 Google T ltexlive]
EANLTHRT 2, MG3D @ X 57% URL
Nevy T35, MG3ER, G3A T, RENDOY
Yo7 Vy T A5E, MGA OMEEICY
DEITS, 22T, MGAD T, AHETH- 7%
Mtexlive2022.iso] 227 Vw7358, ZD7 74
NDRY ra— RHED, KNG RRREN
%0 727 EDOMZ S 7 DFERH 100% 12
ET 2, Mexlive2022.iso] D7 7 4 LA, PC/
XYY —=FDT7 A NVE=ICROH) D,
G22 LaTeXD1>XA+—=IL

M GZ2 T DVD 4 X =Y 7 7 4 )b
lMtexlive2022.iso] ZH27 Vv 752 TARY >V

o TeX Live

o 1518

o HA Il

o TeX Live Y Jtw

o TeX Live (CIRFF=NDED EEHRNVED
s TeX Live OFHAIER

o Network Based Installer

o [TeX Live ISO Images)

G.38  [TeX Live ISO images] #2V v 7

TeX Live ISO Images *

R D —TRREDA > A —ILSELLHRVBET ISO Image 2577
IS4 hEIBLTLESE. TUG MSERIDI>O-RIBLNDEIS

* HTTP

o [http://ftp.jaist.ac.jp/pub/CTAN/systems /texlive/Images/ )
o http://ftp.naist.jp/pub/CTAN/systems/texlive/Images/
o http://ftp.nara.wide.ad.jp/pub/CTAN/systems/texlive/Images/

o

http://ftp.kddilabs.jp/pub/ctan/systems /texlive /Images/

M G.39 Eh T b M b R w
Thttp://ftp.jaist.ac.jp.... ZZ Vv 2

Name Last modified Size Description

& Parent Directory,

[?) README.md
@tex\ive.iso

[?) texlive2022-20220321.is0
@ texlive2022-20220321.is0.md5 2022-03-22 07:59 59
@ texlive2022-20220321.is0.sha512 2022-03-22 07:59 155
[?) texlive2022-20220321.i50.sha512.as¢ 2022-03-22 07:59 455
@ltex\ive2022.isol 2022-03-22 07:59 4.3G
@ texlive2022.is0.md5 2022-03-22 07:59 50
[?) texlive2022.is0.sha512 2022-03-22 07:59 146

2022-04-04 01:06 1.2K
2022-03-22 07:594.3G
2022-03-22 07:59 4.3G

[?) texlive2022.is0.sha512.asc 2022-03-22 07:59 455

G.40  Ttexlive2022.iso] 227 VU v 27 LT
Ky ra—FK
A ab vg = D)
59un-F Boa - P
[ texlive2022.iso ] I
Ejli-;;?* -26GB43GB ). HY 34
G.41 ltexlive2022.iso] X v >\ —F

FROEIE, %275 7B EOMZ S 75 100%
i3 FTHD

X=a—DBHL DT, [~y B2V T3,
CHCEDIKCZAE D LS5, REDVD K74 7
By hENS, lNnstall-tl-windows.bat] @




158

ffix G BT 1+ Z—B XU LaTeX OV

=2 FIvo-F - O X
FART A5 I-J) (7]

« « & pCr #900-F v | @ Pgoyn-rogE

E8 EIHE 2
* 9499 PIER -
o
@& OneDrive = a
2] texiive2022 jso 2022/04/131...
M pC =
oty RO RET
3 ST FAAT (A-JOSEDD
& 59v0-F 2022_04_09 &
[ 2022 04 02 Express BurnZ{E2TEE
B oo R Evrrace 7inTHEES

X G42 [PC/Zy>u—F] D7 41X —
WX ra— FaEs Mtexlive2022.iso) %4
2w oL, IOV BV

B =m DVD F317 (G TeXLive2022 — u} x
w-h FHVT-337 Y-l 2]
€« v 4 &> PC > DVD K317 (G)TeXLive2022 > v O £ pvD F317 (G Ted
£ . :
& 9497 FOtER
i archive
et readme-htmldir
o pe readme-txt.dir
3D AJIIt e
. texlive-d
3 Fo-F o
L ke [ .mkisofsrc
& 0s(C) {2 autorun.inf
P HD-LXU3 (E) @ dochtml
= HDCZ-UT (F) @ indexhtml

install-tl

9/29 1:31
1/20 1136

6§ EEELLIRTA)
B Skype TEH

< tl-tray

G.43  Ttexlive2022.is0) 4 X =¥ 7 7 A4
A DVD RS54 7L TwU Y bEhb,
lnstall-tl-windows.bat| #6527 Vv 2L, &
HEL LTHEIT(A)) 2V v 27T LaTeX O
A4 YR b =R Bk

& install-ti-gui = o x

TeX Live 1223

G/ Z0-FLTLES.

BB NMYBE SRS L EFINRIOYRI MY ERRLTGZS .
HEOIT-EER.. v Ik

G.45 LaTeX A4 v R+ — L BAtRER, —
BEERR X 5 HH

& TeX Live {YAL-3 = x
FiE GUIBE TaYRAT-UNY

TeX Live 2022 1V AF-3
r. 62745

AVAN-5E C/texlive/2022 =E

BELTAAIEE (MB): 7462

TIZNEARETAX Ad v
IRTOI- TR cAVA- LT3
TeXworks Z4 VA= L
 BEGRE _ ®’T 1A=

G.46 TEELRE 27V v

B Windows 1YV Tty

FADRT Mi:ros I ERRAUDE 75 Microsoft Windows

i i
Hatan HERN

(b)

< TeX Live /YR R=5 = x
B GUIEE JAURRT-UVY

TeX Live 2022 1Y Ak-5

1. 62745

FaborY ATy
TEXDIR: Ciftexlive/2022 zE FIHINERFAX A4
AVAN-N5E

yurite18 BRVTERUANS 3T 0/5L0E TR
TEXMFLOCAL: Ciftexlive/texmt-local ZE
o-hlbis&m : TA-VIRIPINETATLER
TEXMFHOME: ~texmf 3 510 MU B A AP
Liinld e ZE font/macro QR4 MYY-BAIANN

— font/macro 0Y-ZVY-EA VM-I
5[
; ‘ BR/AEEE

T-5TNEE : (173 g
TEXMFLOCAL & TEXMFHOME (3 AF-RAZ2-[cya- NI MR
Utvkehas

TOEERIEEE
ERULED

FATOI-TRFAYANNTD

4 full RF-h (K 3

eals AL T 22 || orors EAAR
EMIWTYEIRE: a/m LARFH
BECTIATEE (MB): 7462 {IAM=IVI= CTAN By T-S0 Ty IT-PLIESEE

e [

G.44 (a)Windowsl0 (b)Windowsll TD
A ¥R b — VHERRIE I,

FHIZV 2 TINRT Y A= 2 =L DT, E
MEY LTHEIT) 22V v 235k, NGZE N
—WF, FREINZ, G BEREINTS, £

GA7T A VAM—ILTBEEDER

T TEERFE) 227V 735, KGAD
TREINTo, THRE<AX ] 7Y v 7,
G238 T, f YAF—NLTEREBICFyvv %A
NTIOK) 22 Vv o, IGZAETD T4 &



G.3 LaTeX 2k % l##&Ex) OXvu—Feay (i 159

& Jbyvay ®
=il INT #L =i INT Bl
=E ~ [E3iulm Ve W
C FI1-Z0/IFTE v BibTeX MEMAS Il
v v ConTeXt £/{r-4
(SR v LaleX EE/9T-J
G ?F\'JLHNI; v LaTeX E8/(vT—3
C H-S5uFE v LaTeX @i/ ter-3
C ®EE v LuaTeX [{w7-3
C 0= v MetaPost B&Uf Metafont /{w7-3
C EHE (base) v PSTricks
v OXE v Plain (La)TeX /{vfr—-3
v EE-RE v | TeX AEET0T5L

el I

M G48 A VAP —LFTBEEDEIRL,
0Ky #7 Vw7

Installing to: C/texlive/2022

Installing [1/6, time/total: ?%:?7/72:77]: hyphen-base [22k]
Installing [2/6, time/total: '00:00]: kpathsea [1087k]
Installing [3/6, time/total: 00:04/00:40]: luatex [1870k]
Installing [4/6, time/total: 00:09/00:33]: texlive-scripts [504k]
Installing [5/6, time/total: 00:13/00:41]: texlive.infra [545k]
Installing [6/6, time/total: 00:19/00:52]: tlperl.win32 [7112k]

ik =La

S TeX Live {YAR-3 = B %

G.49 LaTeX A4 > A& b —/L DA

Installing to: C:/texlive/2022
Installing [1/6, time/total: 7%:77/7%:77]: hyphen-base [22k]
Installing [2/6, time/total: Il: kpathsea [1087k]
Installing [3/6, time/total: 00:04/00:40]: luatex [1870k]
Installing [4/6, time/total: 00:09/00:33]: texlive-scripts [504k]
Installing [5/6, time/total: 00:13/00:41]: texlive.infra [545k]

; 00 ;521 win32 [7112k]

[

Time used for installing the packag
T 12many [376k]
\nstang [0002/432& tlmeftoha\ ODDZ.."DS 30:51]: 2up [56k]
Installing [0003/4328, time/total: 00:03/07:12:29]: aOposter [119k]
Installing [0004/4328, time/total: 00:04/07:32:06]: a2ping [69k]
Installing [0005/4328, time/total: 00:05/08:22:14]: aZping.win32 [1k]
Installing [0D006/4328, time/total: 00:05/08:21:42]: adwide [133k]
Installing [0007/4328, time/total: 00:06/08:15:46): aScomb [91k]
Installing [000&/4328, time/total: 00:08/09:4%:58]: aaai-named [6k]
Installing [0009/4328, time/total: 00:09/10:52:45]: aalok [187k]
Installing [0010/4328, time/total: 00:13/13:01:07]: aastex [1188k]

ik #EL3

G TeX Live VAR5 - o X

K G.50 LaTeX 4 A F—/1Z 1h04dm 2 HE
THR2LDODXwvt—

=) 2V T 5,

A VA M=ADHE S, KIGZA PERREN,
PHATKGEHD DEHIE, f YA P—NIZET 3
BENEREINE, A VA P—ADETT 3 X

< TeXLive 1¥AM-3 ol a X

!runninq package-specific postactions

ptex2pdf programs already included in tools.ini, not adding again.
default is already set as pLaTeX (ptex2pdf) in TeXworks.ini, no change,
3 @I IEIE-LELE

1 EOIrIVETE-LELE

Running fc-cache -v -r

finished with package-specific postactions

TeX Live ANESTE !

FHF2A U O —E [T C/ftexlive/2022/index. himl EZE(ZEL, TeX Live DLl A+
(https://tug.org/texlive/) [RFARTOFYTT- LI DREEHMERESN TVET. TeX
Live ZZERD TeX I-TEETICESEREIOILINTE, TeX Live
TOVTIFEYM-FLTVEESHE S BFER TeX I-FRICASTILET RIS, TeX
1-&0—%(Ihttps://tug.org/usergroups.html TUEENEEHET.

Logfile: C:/texlive/2022/install-tl.log

Installed on platform win32 at C:/texlive/2022

MG51 TaTeX A VAP T Xwtb—

A WebClass
YIeHE 1 (2021-FFH-H-3),

B} s~ HE oM~ O-X~

M G.52  WebClass @ b v ZHH

2021/06/26 18:11

2021 4FREEESR(2021/06/26845T)

=it

XG53 FHEBEROXAL MNEI) D

CRI BERREINZDT, GFO KT 270y
7% %,

G.3 LaTeXIc&k? MEBHRTFEI DIV
—kRarvnaIiL

G31 BERY—IJIFIILOAI>O—-FK

COHITIRBRFEY — A7 74 LDX T 0 —
Foft s xRS 5,

G2 3L 1 © WebClass Z BV &
XFRERREINEA=2—-THb, WHBIEALED
(B 22V rF5e, BEM—ERRRIN
50, TITHER ICHEWLFEF TR REINT
2021 FEEREFEER (2021/06/26 KET)) 227V v
7355, ZOE, BRHFILV A= a v OiHEHER
FERTZZEHNET LW,



160

18% G BRZT7 1 XA—B X LaTeX Oy

2021€EE B E%(2021/06/26245T)

DIMELFELEULE,

E@ﬂ =T

"BtR 22V v

G.54

[AIDA—] [ ROA— ]

BAFET || BHEEUS |

E16 2021 5FEFEES
(2021/06/262%5T)

E = il

AT TRIER) 220 v 2

G.55

IF7AILDSII>O0—-R

» 2021 _06_26_001]_Compact_ToBeZipped.zip

I7 AN ES TS O— RTERVEAR
IFAINBEIDIRDERS > TIIYIL
[GRIZ DI TIREIEZRL T ZE 0\,
CSVI7ALOXLFI— R(EShift JISTT,

ZDD1 > FOZEEAUD

X G.56 HFHETZ7ANDT 7 ANLET ) v

2021 06_26 001 _Co...zip

= oK ’
M G57T Xvra—FETRICT 7Y -0
A RCFRR SN B HEH

M GHAT B 227 Vv 2358, HEEL
FeR G psEREND, MGEIH D [
&R 22V v 2352, IGEEPRRIH
50 ZITHEMEINT 27 ANKE—%%7) v IF
5, ZThoXy>u— K2E% %,

Xy ra—Fp3TT2L, 779 —DER
12, IGRANRREINED, Zhzi»RT
bEDIN,

R ra— RINREHET 7 4 VI,
D&, TC:/Ryvu—F| DT+ L& -

&5 pCc o FIn-f
£
~ BEB (1)

T 2021_06_26_001)_Compact_ToBeZipped.zip

ol
it
I
e
o
i

2021/07/08 1507

P I74

G.58  JEfE7 7 A& TC/ &Y va— K]

D7 FNE =TI
v o £ Aoun-Foks
& g Pl "
v&H (1)
- 2021_06_ 1} Compact ToBeZipped.zip  2021/07/08 15:07
v&B (M) <o)
DipP-T T I
202101 1512
#2350 >| saoro7cmED
22 ={U)} > zzlzEEm)
& Ex HAREEELTRSS)

K G59 Z77ANVEEGEZY v LT TR
'z Zicfds) olEcrz vy 2

70% f 2021_06_26_001)_Compact_TeBeZipped.zip

Ci¥Uzers¥ok itz¥Download=%¥2021_06_26_001J_Compact_ToBeZipped zip

2021_06_26_001J Compact_ToBeZ ipped¥Sample pdf

K G.60 77 ANLEREPICRRINSHEE

HHI

il
Sy
o
i
i
i

v 458 (2)
2021_06_26_001J_Compact_ToBeZipped 2021/07/0815:30  Jr{Il JAIY-
- 2021_06_26_001)_Compact_ToBeZipped.zip  2021/07/08 1507 ZIP 74l

G.61 fHREINIT + VK —

MmEhTtnwzs, IGHR T, =770 —5—
DFRE— FIF, TFH 1ToTHH, HIIEIZ
V=L THb, BfiEINTzT7 A NK =%
Vw7 LT MR T2 2l DIECZ ) v
755, EMET ANV — DRI E 5, KR
Rz, MEREND, FRENTT S5
¢, GBI O k512, B 7 + VX —D ki, f#
WENTT7 A NZ=DBRRENT VWD, TDT #*
NE—=ZFWTRRENT-ODBKGCHEATH %,




G.3 LaTeX IZ&k 2 lFFER oKXy rnm

—Fearyqn 161

[%] 000_Compile Win10_Complexhumberbat
= 000_Compile_Win10_ComplexNumber_Final.bat
[E=] 000_Make_bb.bat
&4 000_PhysicalMathematics_2021_06_26_001.indorg
. 000_PhysicalMathematics_2021_06_26_001.tex
) 000_PhysicalMathematics_Index.txt
) 000_PhysicalMathematics_C)_and_A.txt
| oooMylndexbist
[=] 0001_Rename.bat
[ 0001_RenameFigure.bat
| 001_chapter0l.aux
001_chapterd1.tex

G.62 fRENIT7 AN K-

TJrAR EEE STV OBROG  ayEIwW) I70M)  FDE0)

(o B ] e B S = & ? =]
) L (T 20 5
-Eel UUUfPhysmaIMathemat\CSJDZ

L Jan
6 26 001.outd

1.0
dal 000 PhysicalMathematics 7071 08 26 001.indd
dal 000 _PhysicalMathematics 2021 08 26 001 .auxd
dal 000 _PhysicalMathematics 2021 0B 26 001 .dvil
dal 000 _PhysicalMathematics 2021 08 26 001 . idwl
dal 000 _PhysicalMathematics 2021 08 26 001.ilgl
dal 000 _PhysicalMathematics 7021 08 26 001.lofl
dal 000 _PhysicalMathematics 2021 0B 26 001.logl
del| 000_PhysicalMathematics_Z021_06_26 UU].pdfi

deI 000_PhysicalMathematics 2021 06_26_001.to

t path=c:/w32tex/bin;c: /w32tex7share7texmf d|st

c: /Program File (x36)/es/2s9.54.0/hin;c:/Program F

ile (x86)/gs/gs9.54.0/1 b4

set TEXMF=c:/w32tex/share/texmf-dist.)

set TEXMFCHF=c:/w32tex/share/texmi-dist/weblcl

platex 000_PhysicalMathematics_2021_06_26_001.tex!

platex 000 PhysicalMathematics 2021°06 26 001.tex

mendex -z —s 000MyIndexJ 000_PRysicalMathematics_2

021 06 26 0014

platex 000 PhysicalMathematics 2021 08 26 0014

platex 000 PhysicalMathematics 2021 06 26 0014

SV|pdfmx 000 PhysicalMathematics 2021 06 26 0014
ausel

OO OO = T e QOO — O 0O OO ) T O e QO D)
C/'J

D e et S e i

Rl s s )
LoD —

G.63 RGCBE211{THDOZ 7 A LrDHH

G.32 BEERY—IJIFAILOIAVNAIL
MGE2ADOE 1{THO Ny F7 7 A L2 XTIV
2V 7 LTHETTSL, LaTeX V=7 7 4
NDEBAID AL RANEITI ZEDRTES, T
DNy F 774 NVDHFHEERLTVWSDH, K
GE3TH5, H1ITH»HHE 1I0/THE T, 5L
WAy RANENET 7 ANDD E5E, FdelJ
DWMFFATICED TN Z2HET 5, 5 11-1317
HZTlX, lSet path) ®a<> Kz Iz %
HBLTWS, %2 BELTHE 7 4 LX—N
WKHBEITT7 7 ANME, 774 NVHDANEG
THEITTEIENTES, 16-1TITHB XU 20-
21 7TH® lplatex) (HAGE LaTeX @2 ¥ o84
V), 184TH® mendex) (HX%1E3), 2217H
® ldvipdfmx| (pdf 7 7 A VZ24HEKT 2) OFE
T7740F, wWihd T2 Do 7 4L
R—=1ZH %, 14-151THD Tset TEXMFJ & lset

B CHWINDOWSsystem3z¥emd.exe - o X
hout Tine 460,

XG64 RGCBE2A1ITHOZ 7 A LEXTIL
Vw7 LTERRENEZ Y 4V Ry

BE¥ C¥WINDOWS!

em32¥emd.exe =4 (m) x

G.656 TVRANKTRICEREINEZ Y 4 Y Ry

<« 202104 12_To.. » 2021_07_10_001)_Compact v 0

F

| 000_Compile_Win10_ComplexNumber.bat
| 000_Compile_Win10_ComplexNumber_Final.bat
| 000_Make_bb.bat
| 000_OptimizePDEbat
| 000_PhysicalMathematics_2021_07_10_001.aux
000_PhysicalMathematics_2021_07_10_001.dvi
_| 000_PhysicalMathematics_2021_07_10_001.idx
_| 000_PhysicalMathematics_2021_07_10_001ilg
| 000_PhysicalMathematics_2021_07_10_001.ind
% 000_PhysicalMathematics_2021_07_10_001.indorg
_| 000_PhysicalMathematics_2021_07_10_001.lof
=| 000_PhysicalMathematics_2021_07_10_001.log
_| 000_PhysicalMathematics_2021_07_10_001.lot
%‘} 000_PhysicalMathematics_2021_07_10_001.out
@ 000_PhysicalMathematics_2021_07_10_001.pdf
%! 000_PhysicalMathematics_2021_07_10_001.tex
| 000_PhysicalMathematics_2021_07_10_001.toc
@ 000_PhysicalMathematics_Index.txt
@ 000_PhysicalMathematics_Q_and_A.txt

G.66 AV AN THRED 7 + VKX —DH

TEXMFCNS | TliX, &%E7 7 4 VHE
7 ANE—ZREL T2,

BRI D 3 2 A VR TIRED 7 4 L
X—DHETH2%, PDF 7 7 A LBERINT
Wb Z BTN b,

MGE2 H 1 ITHONY F 774 NV EXTIL
7V w2735 eMGEEIICEBRINIzmAH TN

WTH53




ftix G A7 4 X—B LU LaTeX OfEiVT

162

7Y =fi% 52

7— Y T

7Y IZWERO Y S T 4 —

7= (3T} @9} (511 BSHTTL (731 [76]

3 @7

1 WEK)

1 )7 — ) T 38

S (H'% A [i} (1T} [I5H17),

AP RIS

LS (B8] 87 [59) O0)

754<— z3

T59 (Y4 YVTh-AYY—) [0l [

TI39 2 (9497 40— r2R) 10422 25] 26l [

(311 (711 [73]

75 v ZO&HER 191 21H23)

75 v ¥ DRY G (19} (2TH23] [25] 261 (1301 (133)

759 k)

@9

2 131 82

il 003255
i o R
it

T79 7 (V4VT7AhLAVY—) @ B0 3

Ty (V407 A n—-LyR) (D22 25 20 2R B0
[£31qra1qre:]

77 v Y OERER 1912123

77 v Y DR R (19} 21123 25} 26] (30 [133)

b

7— ¥ (Word) 139

vyl

YR RELT

(a)

b ’
7— ¥ (Word) (D) 39

G.67

KlORE, FHEOBRZZEAZ 5%

Yitem 72 o A OHEHT¥NT || ¥hyper indexformat [¥textbf }{19], 1
R Yhyperpage{21--23]1
Yitem 73 v JOREREMFMFII L
¥hyper indexformat [¥textbf}{19}, ¥hyperpage[21--23},

Yhyperpage{25], Yhvperpagel26], ¥hvperpagel130}, |
Yhyperpage[133]4
.
¥newpagel
4
Yitem 75w 2R—)L¥hfill Yhyperpagel118], Yhyperpage[119]L
¥item SEFEEINTI 1] ¥hyperpage[49}4
¥item SBLERNNFI 1] Yhvperpase[Z-—4], ¥hvperpage[13], |
Yhyperpage{32]1
G.68 TindJ 7 7 411 Nnewpage) ® 2
<Y FEFHA
TrdIWR) \EE FBRV BEES 2oEW I70M)  F0M0)
(=1 - ) [ — B Ar I3 @

E 0% L ity 1 20 1 [30 1 [a0 1
1|del 000_PhysicalMathematics_2027_06_Z6_007 .pdfl
2|¥Copy *.indorg *.ind fyl
3|Set path=c:/w32tex/bin;c:/Program File (x86)/gs/gs
419.54.0/bin;c:/Program File (x86)/es/g59.54.0/1ib1

g set TEMMF=c:/w3Ztex/share/texmf-dist!

2

8

9

set TEXMFCNF=c:/w3Ztex/share/texmf—dist/webZcl
platex 000 _PhysicalMathemat ics_2021 08 26 001 .texl
EE[i]Eah‘mx 000 _PhysicalMathematics_Z021_06_Z6_0014

G.69 NCEA21THD 7 7 A LDHH

THHTETIN, EITHIEKX MFRRE
N5,

23 fTH®D Pause), IRXTDHDa~r KDOET
PIRT LI EIC, NvF T 74 LDETEH
WL, TEOF—DXA TERDIZMHTH %,
Zoawy RIckb, ary 4 URTRIEZ, N

@ CHWINDOWS¥system32¥cmd.exe

) [641 (./005
=

G.70 G622 HDZ 2 A NB X TN
2w 2 LT 2HEHDI Y L LEIToTWVAS
*ZA

G.65 DRREINDE, FEDOF—% XL ST 5L
avrY U4 Y RUDBHL %, TPause] (&, a3~
RANMED LT — X v b=V B RIRIEZDIZfE
Mira<y R THh 3,

M G672 (a) 1, SN/ PDF 7 7 4 LR
BOHRXRTH 2, EEDEDORENZS > TW
VA

WKFRRINTWS lind) PHRRT O 7
7 A MIZRG | DTERDID 5TV B,
W lind) 774 romEZHEEL, KGHD (a)
D i DIRFTREIT) OERITIC N\newpagel D3
<Y REFHALLEZIATHE, ZO0He, Lk
F% lindorg) WCEHE L THRIFT %,

MGEHII1Z, KGBE2 24 7HDO 7 » A LD Y
ThHhb, 1{THTIE, 1EIHOI Y %4 L TTX



G4 FHIFT4 20X Y>a—FRE A4 YA =)L

[ | G SALF-Google BE x [

& C @ O nttps//www.googlecojp/search?q=% 117 15 8isource=hpéic
Google

x & a

QAIAT HEE BZ1-2 OravErd OoE

iBoERB

#1210.000 ¢ (0.3412)

https://hide. maruo.co.jp > software » hidemaru v

[(Exzb0m—Aa"—o(0A ) -FATF 4 |
FATFT 1 HE. Windows9s/Me/2000/XP/Vistai7/8/8.1110 L TEFF 3TFAIF 4 HT
T VICOIFOER x0T ENTHSELAETEETS. —E

X G.71 Googlede T IFiTF 4+ %] & A
NLUTHER, [FEL2EDKR—LR=Y 27
4

72 pdf 77 AV EHIFRL TW5, BiDEEICE
WBL7=FIETIES 7 Tindorg) D7 7 A%, R
Gl L7 7 AL THS lind) 77401
aE—-LTW3, 3-41THT $x] %@L, 56
THTIE, REZ7ANVDH 27 x VR —%1R
ELTW3, T/THT Ilplatex] ®a~xy FEHE
fTL, av4r3s3zeickb, lind) 774
NONEZE L 7RG Z2EDELTWS, 81T
HT ldvipdfmx) ®a<> FFEFI2kD, PDF
77 ANVDEREIToTVWS, ZhbDavy
FETHNCE, MG BERREI DD, &RIZ
MPausel] Ditibdiiz Wiz, a v 84 LFETRIC
i, BEHEHEATLE S,

OB XY, PDF 7 7 A VRKEDRES|T
WBRGEHED (b) D&S5, EGDATZLBZEA5
it b, Nnewpage] ®a~ > Kk, RxH
DWR—=JIZHENTH %,

OBz X Y, PDF 7 7 A VKREDES|T
BRGED (b) Dk5i2, EADITLBZSS
Tt b, Nnewpage] ®a<y FiE, AXH
DUR—=JICDENTD %,

G4 FHAITaA2DRAU>O—-KREA
VA=

LaTeX ®Y — R 7 7 A LVOMREICIE, =7 4
R—Y XIZNZ LA TXF A NORREHY 7 b
VLT HPRETH S, HFALT 1 X1 1%, Web
FTAFTES 4000 HO> = 7Y = 7T, H

G m ) httpsy//hide.maruo.co jp/software/hidemaruhtml g ¥ [k:1h
VI MITFOER

TIFOIV
ENTSHAUNRATSETY. —EMBU TRV EEKBERSA UL ARBAVZE AENBOET.
BABRICOEELTE. |ICBEAFEL FSBLTIZE,.

N

BEREOBRHEEC55

mt‘msgg_l_slgned‘exeI:Et%/ﬁinﬁﬁﬁﬁﬁ) ‘ 32h\t| Vers.99.1 |4.46MB ‘ 2021/08/04

SREE

64bitiRldC 55
Ml‘mEQQ,l,xéﬂ‘Ls\gPEdExEkEIK%‘E/ﬁEE?&%W) ‘ 64bit ‘ Vers.99.1 | 4.75MB | 2021/08/04

HE
64bitiRDWindows £ TIF32bitiRDFEATT - FEFICHBECBAELET. BOT. Windowsfi4bit
HRTH> TEEEF2bROZIATST < YOTRAEBHD UET. #E

G.72 TZHWARHE 2283 5 AeHIE
PHERTE %, DAFEORIIRI W LI T64bit
MRy D77 ANEBETNT Y v

o O b

s |

Frv0-F =
K G73 Xuyru—F»PRT7TT37740L

BT 70— Lt REh b

PEOLT 4 22 LTOIEHICEWIHlZETHED,
LaTeX ®Y — 27 7 A VOFEIIFE I E v
e HEREXN S, Fortran R dar ¥ a—
2 —F 7B Gnuplot D gp 7 7 A LR EDT F A
b7 7 ANERET 212X, IEFICERKETHEV
RPTVWHHZT 4 X2—TH2, —EIF71 LV R%
BATIE, ZORDEMHMNN—Ta 20D TH
AFLTES 2D TES, 74k RBARNC
W, BT 22 TE3, 2022 4 ABLE, ¢
RTDN—Y 3 D Windows ETENNET %,
G4l BAITAROAIYO—F

X GZD 1%, Google T IFhz74 %] A
LU THREBEEP T ZATHD, [FEHED
R—LR=V 1 HE 1 LTy FT2DT,
N7V 7355, IGTADHR—LR=I
fZ, ICHAE 22V v o352k, 94t



164 18 G BT 4+ X—B LU LaTeX O
ERITI0EY TS b4
s v 4 &> PC» FyuD-F
FAITAEA- T Bl BEEFFOFAIT(FEE TR
e BLENBYET.
E-n ETEETOLTEN?
vEE M (G [ ovam | [ e
e
G.78 FAZLF 4 X THREFD T 7 4 L
G714 IC/Zv>vua—F] D74 1K—IC BN EEBRELT NEw (Y)) 22092

HBEIT7ANERTIINT) v

5 TA -~ EIRENI ANV I74)) (Explzh Self-
LY Extractor)

B EHDFEITIT: SAITO-KIKAKU CORPORATION
TPAVOAFS: Z0IVE1-5- EON-F F51T

| 0 | Wz —|

G.75 WA v L= LT NEw (Y))
22V v 2 LTHITT %

EHRE X

EFH.  Hidemaru_Mac ! hilight

G.76 7 7 A N REMTICERR SN2 HEH

i A VA DES

o FAIT49 V8991 #1VAM-ILETH?

LEw [ waw |

G777 AVAP—NEREX -

AWRDIDDAESTHEELRREEL I ENTE
%, ZTDOTIZH % 'hmB99_1 signed.exe) (32bit
i) 720 Uik Thm899_1 x64 signed.exel (64bit
) #2075 5Z2EhHFhT1L—%
X ru— RTE3, 32bit i, 64bit @Y
I CHEMET 5, EHIZ 32bit fROX Y o —
ORI Z, X om—FLUTCHRAHLE,
F7A4 B RAERF T IV,

FALF190R 7T X

AL - HIEEREL T .

® FREEA A+ LS
VA AR ESEEY FI TR TE T LA —ILLE T,

ONARLALAL—NAC)
cé%_} ISR — b b DRSS FEEL T2 -1

<=3 vl

M G.79 SEER fHEA A =] ThELRZWL

FALFIOETYT X

TR VERE £ P Do - ERELE T

TREA AR —LOISE, SERTESE P DF—SUETD
I TESETSNET.

2A—FATa =T — F FEERRLE S
FAGry AT - MEERLE T,

<mam [ mam> || [ ween

G880 ‘v 7y TFATarvEMHIRLT
RN (N)>) 27V v 2

Ryra—RpT35L, 7799 —-DhHL
W2, GC@M»RREINE, 22T 774 0%
<) 1E27 0 w7 Lk,

M GTanERENs, NIV (YY) 220y
JLTA YR M= ZhtET %5, MGERNIER
SN, HOWHFILZT 1+ X—THREFTD7 7
AP TORWZ 2R L TH S, NTw
(Y) %2V v 233,

G42 FHUITFAIDAUZL—)

m899_1_signed.exe] 1%, RGZ4 D X 512,
PC/XY v —F] D74 NEX—=IZXY 1 —
Fahzd, ZhWzex7Lrr )y r 558, MIGZA
BEFENZ, NIV (Y)) 22V v 7 LTHAT
T2, 77 ANEREBHPTHE I 2RTN



G.4

FHNLT 4 RDRX I B —Re f A =)L

165

FSATIT15DEyb P T X
ALAF—IARTETLELE

2P o — T RO IHEDFNLT 1303 — Dy Hn
FEEL TS .

G8l AVAF—LAETAvE—, TOK]

)T

3 000_PhysicalMathematics_2021_08_16_001.ind
',9':’,‘; 000_PhysicalMathematics_2021_08_16_001.indorg
D 000_PhysicalMathematics_2021_08_16_001.lof
[Z] 000_PhysicalMathematics_2021_08 16_001.log
| | 000 _PhysicalMathematics_2021_08_16_001.lot
| 000_PhysicalMathematics_2021_08_16_001.out
000_PhysicalMathematics_2021_08_16_001.pdf
3 000_PhysicalMathematics_2021_08 16 001.tex
|:| 000_PhysicalMathematics_2021_08_16_001.toc
@ 000_PhysicalMathematics_Index. bt

@ 000_PhysicalMathematics Q_and_A.txt

[ ann eesioaiMathematics_2021_08_15_002.tex ]

X _G.84 M G822 M GX3 o #fe—T
*indorg, *.ind(f ¥ T v 7 A7 7 4 ) &
*tex(LaTeX DY — A7 7 4 )V) BRXT LY
Vw7352 eickh, FALT 4 XTHITS
kol zs

BE<(0) lathematics_2021_08_15_002.toc
BE(E athematics_Index.txt

B SkypeTEE athematics_0_and_A.txt

@ OneDrive [CEEI(M) it
ATOKTZ=ZF3(A) pat

= &F igure.bat

J=bu AuF-Fub a7 > |aux

(FossipesdcH) | | xee

Ligo/(-JaynEsTv) EHIFY
E3(N) > |[E] Microsoft Store £#£53 3(5)
. ( EoFossaEERO |

G822 IZyANEEZIZYyZL, s
A2 6K (H)) Mo 7a 72 »%5%ER (C))
A4

ZOT71 N ERRHEEEA TSN,
DT TVESHERED

|-

Z0fE0A T3y
?;j FAIT17
¥

}.., Adobe Acrobat Reader DC

==l 4dnhe Dhntachnan CSA

v #2077 V%EST tex TPV EEK]

QK

@ C:¥2021%¥2021_04_12_TokyoGakugeilniv¥2021_08_16_001)_Com.. — [m] X

Tl REE ERV BEG  HFOW) T70M) Z0f0) 1
3o OdxE=E Qa4 GH 8

1 En|

1 Tig 1 [0 1 JETHA i 3
¥documentclass[adpaper, TTpt, twos ide, twocoTumn, op-=!
%l

B3

1

2
3|¥usepackage[amsmath,amssymb ]l
4 |¥usepackage[amsfonts]!
5 |Yusepackage[bm]

B|¥% Yusepackage [graphicx]d
7 |Yusepackage[subfigure]!
8 |¥usepackage|verbatim} .

9| ¥usepackage[wrapfigl.

0 |¥usepackage|ascmac ]l

1 |¥usepackage|{makeidx]L

% Yusepackage[mathrsfs]l

3 |¥usepackagejcolor}l v

5 Tx| 2849 8L 7 Eemens  BASF| 4

X G.83 [HAZF4X 27V v 27 LTH
IRL THICZo7 7Y E2#HoTHL 2F v
21T, TOKL %2 ) w2

KG.8 FHIr7T4XTLaTeXDY—RA7 7
ANERHWEZE ZA

G.76 BERREN D,

MG »ERRI N0, @EE THHEAS v
A b —v) BEIRT 5 DES5icty b
Ty THAT a v REREINDEH, £DEFE X
ANN)>1 22Vv 273 %,

KON, fYAM—AETRXyE—ITh
%, TOKJ 22V v 27 LTRTT %,

G43 FBAIT+a XTHL LSICHEREFZER

GX2, X GR3 O#ET, tex BHLRTF D
77 ANEBRTNT Y v 7T BHRETT, FAL
T4 X THCLSIICHRETE 2, NGRAZ, [
B FIET*.indorg, *.ind(LaTeX O A4 > 7 v 27
A7 7 A4N) ¥ tex(LaTeX Y — X7 7 { V)



166

ftix G A7 4 X—B LU LaTeX OfEiVT

BRIV 7FTBI2I2ED, FALZT 14X
THIT2 LK ICHRELLE ZATH 5,

MGS83 X, LaTeX DY — 27 7 L L Z2FHALT
T4 RTHWEEIATHE, A=a—"—F,

7— R XL BTHY, EENRBETHES 2k
NTES, Toft, ERZELa~Y FHH 5,
VT OFEICOWVWTIE, ERTHHT 2, &FE
IHEREIC DWW T, Web RICZ L DREHELH D,
ZNORZRLENS, HVWEATO L Z L34
BN,



8% H

167

Gnuplot D1 VXA M=ILAEEEWVA
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LINUX, Windows, MacOS IZx{i5 L T3, &t
Br—&, WETF—2%2777{tT5v—nklL
T, HHFIES AL TV,

2021/08/05
& Web #1FADFTY
GPL Ghostscript
o PPA0EE 2021/06/14
o Groove 31397 11.1MB
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E gnuplot 5.2 patchlevel 0 50.7 MB
2021/08/11 http:/www.gnuplotinfo ~ CON—SFRT
B2patthicyctl (a) gnuplot homepage
Gnuplotis a portable command-line driven graphing
) | TIAYAR) VMS, and many other platforms. The source code is ¢

ZOT T EZOBEBIERMT I VA= VENE

gnuplot 5.2 patch =5
FIAYAR=N

5.2 patchlevel 0 (b)

H.8 % 11##® Gnuplot Homepage] %
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gnuplot 724 YAl
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FAQ

mentation  Contributed scripts
Demos

e Tutorials and guides
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Gnuplot is a portable command-line driven graphing utility for Linux, 0S/2, MS Windows, OSX, VMS, and many

Version 5.2 (previous stable) Version 5.4 (current)
o Release 5.4.2 (June 2021)
« Release Notes « Release Notes
* User Manual (PDF) * User Manual (PDF)
« demo gallery o demo gallery
« contributed binaries for 0SX « contributed binaries for OSX

H.9 Version 5.2 (prerevious stable) @
MRelease 5.2.8 (Dec 2019)1 %27V v 2
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MIFToOEAL TS BT FREENRA I EN LTS

HARLA A= bt
gnuplot TeF B R BRM DA =R 112.9 MB
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[i4 gnuplot trabry T -

ThiE
FTIRRICLA FOEERFEIERES S,

1y by PR T I BIIE AR AL TS

hangesin 5.2.8

* CHANGE user-visible GPYAL_TERM_HCHAR GPVAL_TERM_VCHAR (help debug
2183)

*=FI¥ character pointtypes should inherit plot coloring like normal pointtypes

=FIX bad autoscaling of linked y2 axis (Bug #2185)

=FIX prevent infinite loop from unbounded interation in a non-data plot command v

MH.24 1EWY 1y FuRRRENES X
AN(N)>) 27V v7

[2] gnuplot 75 k75T
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[] RELEASE_NOTES %% T-3%
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GNUPLOT

Yersion 5.2 patchlevel & last modified 2019-12-01

Copyright (C) 1936-1983, 1998, 2004, 2007-2019
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nuploty _

encoding: sjis
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H.4 Gnuplot DfELVAE
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gnuplot> [plot ckt? # sinc)
gnup lot>

O &c|lez@aala ?

T
22 % i) ——

i

=
T

i
-
N

& & &

L L L
-10 £ o 1 0
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view: 60,0000, 30.0000 scale: 1.00000, 1.00000
MH30 zDL¥P% —20~20IKKRET S

lset xrane [-20:20]) £ &4 FLTHh o Ty =
’sinz] DFI 7% 7y hLiE IS

T
E
E
[ Gnuplot (window id: ) - [m] X
DXx&lexaaala?

(b) expl-(x=*2 +y=*2)/10) ——

S lh vt inion

view: 60.0000, 30.0000 scale: 1.00000, 1.00000

H.31 l'set isosamples 50, 501 ¥ XA 7
LTh5 Mz =exp[—(2® +5%)/10) ©Z5 7
7uy bl ZA

exp|—(z? + y?)/10] ® 77 7 BHEE XN TV 3,
IR O, v ZEITEOH, 2 I3t T
BB, ZXKILDY 7 71%, MOFRMLZEZ Y v
2&FZ7v 27 LT, 3DMHHREE 2 ENTE 2,
H42 NSX—R—%ZIIVFTEEISRIS
A :]E

MEZIDa~vY RS vy bT, RTAXA—=-X
RIEELTY 7 72 H/ilT5 2 LN TE S,
HZ2.1. ZRTDIZ7

HZ330 (a) T, 7/ TH o 72 & 512 Tset xrange
[-20.0:20.0]1 ¥ A /1L [Enter] LT & [plot
x**2*%sin(x)) & XA 7, [Enter] L THiH <&
T= D73, (b) TH %, Iset xrange]) I3,

H.32 set hidden3d) ®a~<> K& AN
LTHh5, z=exp[—(z>+y%) /1011 DZF 7
#7ny FLELZEZA

[E Gruplot (window id : 0) = =] X

OEaclszreaaala?

SRt A

view: 60,0000, 30.0000 scale: 1.00000, 1.00000

H33 RBofar KEXZ2EEEZLT 2 =
exp[— (22 +42)/10]) DT 7% Fay b L7
rZAh

x BHOHEEHFHAZHET 2~ RTH 5, set
yrange] Ty iOHEHPHDHFETZ 20, T I Tl
FRCERER S, gnuplot Il L > ¥ % HENRRE
XHEHETW3B,
HZ22 =ZRmTDI 57

X HZY ofiEOH &, MHEID (a) DX DI,
lset isosamples 50, 50 & X4 FL, Xv>a
O %E 50 x 50 1ty b LIz BT, 7T 7 kT
H L7202, KHEZ3D (b) TH2,
(x**2 + y**2)/10)) 1F ERHIF—% 22 4 7
LTH 56, [Enter] ¥—%ty F;35Z&ITLD
ANENTWS, N EFICXA S Llzavx s R
&, EREIF—% NEXAF5T2528T, IO

lsplot exp(-
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6000 -

5000

4000 -

2 3000 |
i

2000 ~

1000 ~

H.34 'Montage viewer] &R L7z, A %y
2Y 7R DIELTHE SN NEFARY
b

I ZeNTE S,

M HEH3D (b) 2R RS EVby, MHI3A (a) D
& 9512 lset hidden3d ) & %4 7L C, HE I'splot
exp(-(x**2 4 y**2)/10)) ZETL THEREI N
D23, MHE3A (b) TH5, set hiddendd) I3,
=977 7 DFHIZ I 2R RT Ay R T
H5,

HZ23. ROBLKRIDIEE

H33 (a) T, 77 70D E%Z [l rgb-
color ”0x0000FF” | ® X SIZHEEL, #MOKS %=
Minewidth 0.5) #§E L T, ZXITOIEHTH
Hifg (o> 7v) 2 7ay b LD, K
(b) TH %,

McJ 1& MNinecolor | DEMETE T, MNinecolor | & 7
WAR=NVTANLTHREDRR,
X, 7R (red), #% (green), H (blue) D% X
THETSILZES TSIV T, 6HiD 16

rgbcolor |

EHT=HEOOW 2 X Z2HEET 2. "0xFF0000”
7% 61378, 70x00FF00” 7% & 3%k, ”0x0000FF”
7B HE LR D, 70x800000” 7% & X HE W

7R, 70x0080007 72 & IXHE W, 7 0x000080” 7% &
BEWEE R 5, 72, 70x000000” 7% 51XE
%%, MNinewidth) &, #ROKZZ [RA ¥
b (pt)) BAITHRET 247> a v T, lwy &
B L TR T2 HTE S,

n MultiPak Spectrum: ESCA - Convert To ASCI
S Edit  Wiew Toolz Data  Window  Help

Open.. XY N ABC

QOpen Lazt Acguizition

Import IS0

Close

Cloze and Reopen

Cloze All

L LT, {"...—:.nn+ Cil~ M~

FDF ..

Data Parameters 4 I50..

Options

Exit MultiPak POK..
Color PostScript...
B+W PoztScoript...
HPGL..
TIFF (entire window)..

H.35 [File) 'Export Toj TASCI1) #/H

7V v 7 LT, HEFARY bL% ASCII B
AN THRET 3

H43 T—32ZT771IDE5HEMAATDIT S
TIEE

T—R7 7 ANPOBIEZGHAMATT 7 7%
3 2%, X H22 [p.Cl] OBET, 2~ K
ZHBIAATT 7 7%l T 52 HTE D0,
TANKX—EBHT2a<vy FREEZL XA T
LUz e s, EFICHENCR 5, Tgp) DL
RBFEREO7 A NMa~ey REIERLT, F—
RI7ANWH D7 A NVE—ICENWTEHELL, Z
DI 7ANEBRITNVNI ) Yy 7T BT T, 777
WS ZeDNTES, UTFTIE, ZOHEK
%77 7MENCOWTEIART %,

HZ3.1. csv 77 1IUADIY RAR—

%%&%KiofmﬁéﬂkT—&®%ﬁ,%
WHY 7 o 2712, =278V TiAADL 2
EMTES ASCIL 7 7 A iz, GHllF— &%
7 AR—FTBHERDODVT VB ZEHAZ W,
REITIE, HBETHHLEE (XPS 28 ) UlvacPhi
Phi5000 VersaProbe THUS L 72557 — &% %,
fEftH Y 7 b7 =7 TMultiPak) 2°& T2 XK —
F L7285 EICOWTEER T %,

{34 1%, @Y 7 v v =7 MultiPak]
@ Montage viewer DE— F TR RINZDD
T, AN R) I 2EDRLTELNLL
BIARZ PV THL, KHITDELIIZ7Y
w785, H3G NERR~EN5, 2T,
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8k H Gnuplot D4 > & b —)LFEE N

B Convert To ASCIl X
REFEAH(: | | 202108 21 %P5 Data -] e@eFEr
& 5 i EwaR &8
B @2019,07}7,%1,5n3d5‘cw 2021/08/20 13:14 Microseft Excel CS..
area £39]2019_07_17_001_Sn3d5_3Columns.csv 2021/08/20 13:14 Microsoft Excel CS...
. BIPET_Clscsv 2021/08/18 21:28 Microsoft Excel CS..
FAIrT
"
54759
2
PC
L]
<« >
FrA AN [s.si02 2012 07 25 x5 | K (I |
sroogEm: o | Fovtl
N
H.36 27t THDIADS lesv) DHRER

T T ASCII 7— X 2175 2

Al 3 fe # Areal

A B C D E E G H
1 |# Areal
2 |#
3 |#8i2p
4 |z 1 7| 3 4 5 6 7
5 114/ 149.8438 169.1051 229.8438 169.9006 179.3466 189.8153 180.483 I
6 113.8 100.0284 140.483 209.9858 150.071 180.7386 169.7869 220.3693 1
7 113.6) 160.3409 169.7585 209.9006 159.517 229.446 149.8722 229.929 1

102 94,6/ 89.9574 150.9801 110.0142 170.071 160.0852 119.9716 89.8153
103 94,4/ 90.0142  99.858 109.8438 160.3409 140.3409 60.0852 110.2131
104/ 94.2/ 110.0142 69.8153 90.2415 70.4403 90.1278 29.6443 79.8295

105 94 139.517 109.6165 69.6165 49.2756 99.9432 30.1278 100.0284
106!

1n7

X H.37 [Si_Si02.2021.07_25_XPS.csv] %&

XINVZV w7 LTHWEEZA

A B B D E
# Areal
#
# Si2p

1
2

2

41E mrzen 11 WA A EE~ 9 9 E 2000 4.0000
5|18 r=0.A 3. q Mg B438 1699006 17
6 | 1I3:8UUUT lUUUZB4 | 14048307 209.9858  150.0710  18(
71 & womom 5 2009006 1595170 22
8
g

1 [ v 5 180.0000 170.0994 20
& s 5 189.8722 140.2841 13t
12| 1 S(D) R
511 gerEomrm) 8 |to= roox
16] 1 1
7 CLOBEREE(E)... 3 FIOE(C):
! o
sl FIDWE(W).. b Frtl
191 FER(H) (a) i (b)
201 EERUY) 5
K H.38 FIXRTOHDIEEZ 11 {23 3

[8i.8102.2021.07_25 XPS.csv) D 7 7 £ V4T,
TR ERMET 2,

E37 1%, [Si-Si02.2021.07_25 XPS.csv) D
T7ANERTINZ ) v 7 LT, T7E)LTHOL
e TATHD, Al~vAd A D T4 X, 77

A B ¢ > TossEE X

1 [# Areal =L | mE ook FR 2oL RE

- =)

3 |#sizp B

ale 1 2 (E—] | . .,

5 [(Ener <1 A Am-% By | (e

5 B 23 ——

llerzo-a-m-wane || B0 AFELTORED): |4

L . DI (, ) ERAT3L)
7 112&l 160 24nal 1RO 7595 209.9006 g:a?ﬂi) RoBoE=EAN)
DETHIN,

| 180 | =5 (1234.3210)

9| ®arw© 180.8722 3

10| [0 moRBOATYY: 190.4972 ER

11 ] 139.7159

2 BRERRLTHORIAS).. Lot

13 199.6307

1 AAD 1307528

15 (D) 111.0653

16 EELLEDIT(N) 129.0767

REORRYATRELET . MR E TR
o 10601 || ooty gL T2,
20 906392 —
OK Frotl

21 _[110:3266! (b) =
S S - 3 N .
M H.39 FXTOINIH U TMIRLUR DT

FA4TTD

L21 - £ || 199.8011
A B g D E

1 |# Areal

2 |2

3 # Sizp

4 s 1.0000 2.0000 3.0000 4.0000

5| 1140000 149.8438  169.1051  229.8438  169.9006

6| 113.8000 100.0284 1404830 209.9858  150.0710

7| 1136000 1603409 1697585  200.0006 1595170

8| 1134000 1692756  180.1705  180.0000  170.0994

9| 1132000 1003409  159.6875  180.8722  140.2841

10| 1130000 129.8437 1605114  190.4972  100.3324

11| 1128000 180.2273  170.1847  139.7159  160.0852

12| 1126000 189.1903  179.1193 179.8011  190.6108

X H.40 F—ZXMIBEOZI7ELT74)L

ANEHNDHEIZRZA T LD THS, ZD
7 — R %, DHIZ Gnuplot TatAAD % X
ST F %723, Gnuplot 1% [# ) THhE 217%,
aX Y MPXERRLTEHAS 5, 8 1~41THZ,
XYY NTBEDIC, KIS T#) OXF
ZRATLTH D, HBIROEH DL L AT %
KRL TS, 1FHOBYEEIANL VT4 7T
FNF — (eV) T, 4THOEMEIE, R %y XA
BThHhd, Rig, 20D Ar 4 2Ry RE,
Si2p E—Z7fHED AT MABIEZEED IR L2
FERT, RNFOMEIZ, HETFEE (counts/sec)
TH 5%,
HZ3?2 7—2774)ILOMI

X H3R (a) T, IXTOFNEERL, 57U v
7 LTHWEX=a—056, TFOE; %8RS
%, MHZ3R (b) 2 XREET, 11 HNCHET %,
X502, (a) T, TNTOHEZ Y v &
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Si_Si02_2012_07_25_XPS.csv ~
Ak WA ASLON BR 7 BE #EE MR A
[ = Ju aa | EEz ¥ | LeEiewEs | e .| AR
gy D=~ 5 e e e o m | R
oy | B U e 2 &-)ss E = Huaralteam - B % 9[04 k
Sy THR-F 5] TAE [} BE ] HfE ]
® IDX;ﬁ_ I\ @ EmERHTRE x
£ > PC> OS(C) v D P 202108 220..
0 A= LB PDF/XPS Ry ooteal
= =B~ FWIAS- e @
e T [
Fﬁ e 5 ¢ DESKTOP-N4LS 5
[=2:¢ = DESKTOP-N4LSC
b) Bt (C)
_ TP ILOFEFRADZE S b sa-uy
L =, 08(C)
o TrALeER = 5
BT b T (*.xisx) N S
Excel ZF Lok - MR eRELES i THAIEN] |5 el
gﬁ?ﬁb‘[ﬁ k! TrALOBEM| THAF (AX-AEEY) (*.prn)
b OpenDocument ZTLRS—h (*.ods) E He i o AR
a OpenDocument Z7Lyke— MERTREFL @ El 5 s A
FORl & ~ hT-0EER VMU v *ovtl
ﬁ‘a THOEFTus (= xism) @ J
I zontasna sy k- e
TOMOTrAILOER ~ e
E FERb (FTEG) (*.0c) -
S TENShET A MR ERELET PRN 774l
TR (AR-ZAEHD) (*.pm)
AR-ACEPSNETFANER TS
Zd]
EBEERIT
B
N s 3 >R >
M H41 WIBROZZEVLT77A40% Tpm) OIIRTTHRE. ILIRT%E ldat) CEX 3
B C:#2021%2021_04_12_TokyoGakugeiUniv¥2021_08_23_001_XPS_Data_Temp¥Si_Si02_2012_07_25 XPS.dat - S5 oy “~ . o
TP REE BRIV BES UFOW) YJ0M  2OH#(0) o -
e e T [i2] si_si02_2012.07_25 XPS_oo.gp gnuplot I¥YFAY... 1KB
. ‘J.'H ?h 0 € R S L ! - - B3 si 5102_2012.07_25 XPS.dat DAT 774 )1 24KB
1 Are‘aH . 3 ! ; ; E3 5i_5i02_2012.07 25 XPS.prn PRN 774 )l (a) 24KB
2
3 SiZpt B C:¥2021¥2021_04_12 TokyoGakugeiUniv¥2021_08_23 001 XPS Dats_Temp¥Si_Si02_2012_07 25 = =] X
4 1.0000  2.0000  3.0000  4.0000  5.00 ey e aiaies e :
BI" 114.0000 14903433 16901061 22008433 169.9006 17903 M0 _BRG ST BEG T II0M 20k X
6| 113.8000 100.0284 140.4830 209.9858 150.0710 180.7 1 O M P DX = LAy a8 @
7| 1136000 160.3409 169.7585 209.9006 159.5170  229.4. Bt B o BB L E—
B 113.4000 169.2756 1801705 1800000 1700894 2002 i ot lirtoRmatiEnRill ORGPl
TR i e T R 3lolot "Si_Si02_2012_07_25_¥PS.dat” using 1:2 16 rabeolor “Ox0000FF" »
W e i Gely B n
‘ = = ». 7. |[GEEeheas  FAEF| 4
13| 1124000 170.7812 1806388 199.8307 1307727 1701 R e N T e WAEE [
14) 112.2000 11002131 110.0142 130,758  90.0428 179.0i
Qi ne he Ul AL A r
MR N RS 5 ol 2200720 BTS00 e
; | ; : : il P i
e B e B ean e O, BT Tpause 1) Zidib
H.42 Si_Si02.2021.07_25_XPS.dat; O+ &

R Z7LTEIRLEDE, 27V vy ZLTX
a2 —RRREEDL, eLDOERRE (F) 27
Vy 235k, (b) BERENZ, L
D [FRER] D& TZ2ENT TE) ZERL,
BRI DT E 4 HTIZRREL T TOK) %272
Vw7355, XH3R, DOMmIIICEh, =
JENT—RDTRTOELD, HEID DLS
2, & 11LHT, MR A HICERES NS,

T =2, AR=ZXTRXYISN7 Tpm DILER
FTO77 AN LTRET 5, IHEA (a) £ L
DI7740 %2V 232, NHEAD (b) A

A, T2 RKR=1], 1774 VOMEBEDLEHE
DIEICZ Vv 7L, B TTFAL (A=A
XEID)(*.pm)) ZERLT [HHTZ DT THRIE
27V 235, MHEAD (c) OEEAR DT
'Si_Si02.2012.07_25_XPS.pmJ D7 7 £ LEZT
RIFT2, TOT77A4NV%ET 4 Y RTUXDITT R
Ju—5—CRHEZD (d) k5 car—LEd
&, KHEAD (e) D & 512, #55kF 'pmJ % Gnuplot
THid 2 ldat) ICEHE T %, KHAD (e) ITHRRET
>727 7 4L 1TSi_Si02_2021_07_25_XPS.dat |
OHEH, NHIA TH 5,




176 8k H Gnuplot D4 > & b —)LFEE N
o e T n Bo T Eo
B cnuplot (windowic s 0 o B 1 E PTot infEEmation]fzin\e for Gnﬂ"p\au .
| - 2|ket xrange [114:94]4
Oxs(zeweaaalaz 3[plot “XPS.dat” using 1:2_w | lc rebeolor “0xFEODOD" %1
3500 ; ; 4 "APS.dat” using 1:17 w | lc rgbeolor ~0x0000007 ¥4
'Si_Si02_2012_07_25 XPS.dat' using 1:2  + 5 APS.dat” using 1:21 w | lc rgbealor “0x0000FF” L
@ B|pause -14 (aj
3000 | A
e [E Gruplot (windowid : 0) - o x
2500 - EEx&lszraaaly ?
% 6000
2000 b .
k]
1500 |- " 5000
1000 = ) 4000
r "
500 - y
o + % 3000
e el gt i

0
90 95 100 105 110 115

97,4498, -61.6234

K H.44  Si.Si02.2021.07_25_XPS_00.gp.
EXTAZV 9 2 FBZeIckD, MEh
777

&5

Si_Si02_2012_07_25_XPS - ¥ —.dat

Si_Si02 2012 07 25 XPS_00- J¥-.gp ]

Si_Si02_2012_07_25 XPS_O0.gp
Si_Si02_2012_07_25 XPS.dat ( )

E4

[ si_sioa 2012 07 25 XPS_oo.gp
Si_Si02_2012_07_25_XPS.dat

®
E3 XPs.dat

H45 77 ANVNEZDOEHE

HZ3.3. Gnuplot BEIRIT7 71 (gp 771
V) DIERL & R1T

rSi_Si02.2021.07.25 XPS.00.ep) D% 3 7 *
NZ =5, 18i.Si02.2021.07_25_XPS.dat| 23%
27 ANKX—YRLTHZILH, MHZI (a)
2, mRENTW3S, Gnuplot BEIEIT7 7 4 1L
'Si_Si02.2021_0725_XPS_00.gp 1%, T A2 b v
TRHIZHFINLT 4 ZD7 4 a> (15 QA §G2
BH) O LIz, 2V v 2&FT v 7 LTHNE L
z %75, MEZ3 (b) TH5,

'Si_Si02.2021_0725_XPS_00.gpJ] X 77
Uy 7 LTHEE N7 70, REZTH 5,
®ED3 (b) ©, 1FHE 2 FEE T4 258
FoTWdkdD, aXy 7y rENTED, 3
ITEHREIRFEITENS, lusing 1:2) &, 774
Lo 1FIHDEZ x e, 25 HDEZ y @l
LB RIEEL TV, Tul:2) ©X5ITHKE
FECRtiR L TH X, Te rgbeolor ”0x0000FF” |

2000

1000

0

95,9790, 139839

H46 (a)gp 77 ANV X TAI UL
TFRENTz (b) 75 7, BRIEITICIE Tpause
-1 Rl

X, HC7oy bF2E5BELTWS, 774
ADHFAIAATIET — X %, Al IEER 3 I
L7%GE, KEZA D X512, =20 D2DD
+) v~—2rT7Fmy rEh3,

'Si_Si02.2021_07_25_XPS_00.gpJ & [Si_
$i02.2021.07.25 XPS.dat) [K HZI (a)] O
75 4 A% %, ® EZ (b) XPS.00.gp)
 IXPSdat) WEHE L I5TH b,
['Si_Si02.2021_07_25_XPS_00.gp) ZHFEEL =D
MR HEAE (a), THDXTNT Y v 7K DH
HXN/-0p, MHEZE (b) TH%, gp 7 7 4V
DRAEITICTIE Tpause -1 DFELABVHBETH %,
Pause] DX WRXRKFDBEENTVTIELS
W, Ipause) &, —ERR, 77 7DFRR%E
filFsa~> RTH %, pause 105 ritdh$ 5
&, 79 7% 10 BRIFRT 2, Y 3O
W2X o T, Tpause -1) ZElk L7 TH, 7
TR FRLEEFICR DD, pause -1) %=id
WU EHETH 2,

HZE (a) 31TH® [set xrange [114:94]) T
x HiOfE L > P 2EEL TW5, X #OLETDT
Y (XPS) HIlE T, K E3A [pIm3) © k52,
FZREBZNA VT4 Y TZIAF -2 D
TenEL, ZHUCHIo THIEL Y 24EELT
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@ C:¥2021¥2021_04_12_TokyoGakugeilniv¥2021_08_26_001)_XPS_Data_Temp2¥XPS_3Col
PR BED ERMV BFEO YEIW) I70M) F0M0)
;J M RO A0y 208 &
o e B ET——
1 ﬁ XPS data by Sputter\ng 20 times!
21 1st colum: Binding energyl
3| Znd column: Mumber of sputterl
4t 3rd colum: Electron intensity (counts/s)i
5 114. 149.8438.1
6] 113.80 1 100.0234. (El)
7111360 1 160.3409.)
8] 113.40 1 169.2756.
102] 94.60 1 89.95741
103 94.40 1 90.01424
104 9420 1 110.01420 (b)
1060 94.00 1 139.5170)
1064
107 114,00 2 169.1051.
108 113.80 2 140.4830.
109 113.60 2 169.7585)
110 113.40 2 180.1705.)

X H.47 32X 7 7HEDIHDT—XT7 74

W5,

X HZ8 (a) 4,56 fTHOEREEZ T\ TKb-
TW3 P, ZHuda~ Y FOREBRBRDITITHE L
ZeERLTWVWS, Twl id Twith lines; D&
¥, TleJ & Minecolory OEWETH 2, i
5DHBFARY bUZ, BLIED W2V a
VYN LT Ar 28y XY ZREED IR
LT DTH S, MEZD (b) D, H,
BDARYT bUIE, ARwRY VT %, FAZFN
1[E, 16 [, 20 EfTo e e ESNIDH DT
Hb, KO —=21%, SiO; D, HOY -2, Si
DE—27ThHb, K, B, FLAXT PADZE(L

L7DE, Ar Ry XY 72 KD, U zn—
RKE D SiOy BEALEDFHDINT Si BB L7 Z
ik b,

M HZD 1, =Ky o 7fEICHWS 7 — X

77 ANTH5, KIHEZD (a) DEAID 4 17135
VEXED T#) THRIZeh S, aXy bLTH
%, 20D Ar 2%y XY U TEEDIRLTHES
NhF—2ThsZr, 15HIEE LT —
(N YT a7 F =), 2FEHBR Ry X
VY 7R, 3HIEICEFRETH S Z LHEC
HREhTWwz, KIHZD (b) 1, 1HEDOR Ny X
EiTolHe DT —22 2BD ANy REfTo7z
Hr DT —XDMED 106 {THIX, =TIk >TW»
BINEDID B

MHEZR (a) Dgp 7 7 ANVEXTNIZ Y 7L

1|4 & gp Tile to plot a three-dimensional ¥PS data obtained!

7|4 by repeating Ar sputtering by 20 times for SiZp photo electron.
34 The sample was an Si wafer with an oxidized layer.)

4 |set xrange [114 it

5|set hidden3dt

B|splot "¥PS SCO\umhs dat” u3|ng 1:2:3 with lines ¥.

7 le rebeolor “0x0000007 Tw 0.51

8|pause -1

[E] Gnuplot (window id: 0) - o X

Das ecreaaly?

(b) "XPS_3Columns.dat" using 1:2:3 ——
A

6000
5000
4000
3000
2000
1000

view: 60.0000, 30.0000 scale: 1.00000, 1.00000

K HA48 gp 77 ANKTNT Y v 7 L THH

Nz 3RTET T 7, BFEATIZIE Tpause -1
% gl

1]

1 i, L |71} 1 [3 L 160 I .:51] 1
& gp file to plot a three-dimensional XPS data obtained!l
by repeating Ar sputtering by 20 times for SiZp photo electron.!
The sample was an Si wafer with an oxidized layer.l
4|set xrange [114:9471
5|# set hiddenddy
Blsplot "HPS 3Columns., dat” using 1:2:3 with lines ¥4
7 lc rgbeolor “0x0050007 Tw 0.5 f dark greenl
8|pause -11

Do —

[E Gnuplot (window id : 0) - O X

ExE czaaaly ?

"¥PS_3Columns.dat” using 1:2:3 ——

6000
5000
4000
3000
2000
1000

view: 60.0000, 30.0000 scale: 1.00000, 1.00000

¥ H.49
7 ZE— b

SRILT T 7DEBRT 7 L LADT

THiE XN /-0H, MHZR (b) THb, XHAZ
D77A40D 1,2 3FEHEZENLZN X, y, 2D
fExLT7ry FEIATW3, KHZS (a) D 1,
2, 3ITHDEHIZ, T#) THYH, axrt+7v
FENTWVD, ZOETITE, gp 77 ANADBY
DEIRT I 7HMET 2D, L TEL Z
LRI S, 41THTIE, x OfiEL > Y%
114~94 WCRELTED, v & z OfE L > DI,



8% H Gnuplot DA > X s —LFHEE VT

& Gnuplot (window id : 0) - m| X
| csea@ala?
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Ty P — AR LN, MJ4 THS, (a) ZHZERI, (b) BEEECHVZLDTH 2,
(c) KHWTH ZDIE, BHENOHARY ML TH S, BRETICELET 278 v REE, XEBAGL
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2O rRAUCANCHST 2. ZOBEOEREMIZOWTIE, [RXOBEE X $conTid, X ALt
T 3T, FEOMAS DY | EIFT 2 X flconTld, Z0OEET, KOREORIE 0 TH2 L

mnc’

SEREMEGR S ZLICH D, CRERTETERD LS5 5,
Dy’ (P{") + D (P{) = DY, (J.16a)
DY (P) explizne® (P T.] + DI (PY)) explizns (PY) T.] = 0. (J.16b)
Loyt (m8) uc, DYEPEY), D@D 2k, kO HEHTEIC BT 5 EB OIRIE
DY (exit) ¥ ASHBIOME BT 3 KEHEOMRIE DV (exit) %, XD X 51k 5,

D(()l)(em't)

= D (PY) explizrs W (P") 7]

+ DY) explizre® PV ), (J.17a)
DY (exit) = DY (PP + DIV (PI). (J.17b)

)3 EEEMEL LToid (12 1 —2—TR< T L 2RI Lic3i)

131 EEEREOES
R (I3) A TFICHIBT 5.

1
(kl — K)Dz = TKZ Xhi—h; [‘Dj]LKi- (J.18)
J
D;, D; 2 () D X 512A A 7 —DiRIEICEML, X (IO8) 12 2 BoEMIZ#EH T 5, RCIKEE [
(L€ {o,7}) TEICHIL, Yo DHEEHELTICHESIT Y, XD 5127% 5,
" — KD = %KXOD(()” + %KC’“)X_;“DY), (J.19a)

1 1
(' = KDY = SKCOx, DY + S KxoDy. (J.19b)

l l l l
MI3BXOMIAT, k) - K =s0-PVLa, &) — K =5, - PVLa T2 2 2 ML CEHT
3y,

l l
kY — K =sy-P{La (J.20a)
-

=s0-PYPy + 50 - PoLa (J.20b)
=s0-&On, (J.20¢)
=¢0 cos O, (J.20d)

l l
D - K =s; - P{La (J.21a)

—

=5, - PPy +s - Pola (J.21b)
=5 -§(l)nz + 87 - Kﬁe((fr) (J.21c)

=¢Wcos O — KfBsin20p. (J.21d)
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¢On, 1, 70y REOFHANZ My, ASHEORENRZ P RSEBRIRZ ML TH S (X

13 (a), J4 (a) #BH]), (WX, oflte r @il Ttehzh 2 0FD, 4 DHFET 5, O &

O 1%, n. ¥ so BV LIEs ORFTAMETH S, (K3 (), J4 (c) #88H). UF, P icovto
BadF 555, PY conT b ATH 5.

X (@) 12, X (@0d) ¥ (2Id) 2RALTRORXER”R 2,
¢ cos 0D = 21( oD + KCU)X_thg”, (J.22a)
1
(5@ cos ©1 + K Bsin 293) Pl = 71{0”&;@8) + ?KXODEZ). (J.22b)

X (ICZZE) 121/ cosOp &, I (I22H) 12 1/cosO1 &, I 2 ik b ROX%EE 5,

(1) ()
a1 41,2 Do _ ¢ Do
< 421 a2 > ( Dy) > =& Dgz) : (J.23)

TZTapg (pge{l,2}) &

a1 = 25?0@0, (J.24a)
a1 = %, (J.24b)
S 2
a2 = 2525091- (J.24d)

K (C23), (T2) 1%, BEEE? O, BE~z bz (O, DINT o, EEHE/EE~2 FLEEC
EDTR5TEW,
J32 BIN—=FoF4TFU—ID2VWT

AR DA T DFLERIZ U 7223 5 T Intel oneAPT Base Toolkit & Intel oneAPI HPC Toolkit % A
YA +F—nNF 5%, Intel Fortran &, BLAS(Basic Linear Algebra Subprograms) & LAPACK(Linear
Algebra PACKage) % %3 L7z Intel MKL 22 2 £ 5127 %, LAPACK K& ENEH T L—F
ZGEEV %ZfE5 zrickh, X (23), (29) oEFAEMEZ#EL Z e TE %, BLAS & LAPACK
I TAEOEREE) 23 FbNEFCIHOE WY TL—F > 74 77V —-Th 53, A ([24d) 1k, X
J.3, JAIWRL BOENEEN, INEZ(LEETZGEEV 2FE 7322812k D, 7avkKiKD
RIE (BE~2 bv) LEEME (D) ZRkDZ e TE 3, BHEMBEEAGRZ MU, o ®EE 7@
KK LT, ZhZen 2D D, BRKMND» 5 ZOBEHZRD T, FE#iRIE L FHrRIEZFHHE T 5,
J33 SUIT—RADBEDERS LURS X IROIRIEDFE
IR

X (CA), (CA) 2N, MJ3 TRTIVIr—ATOREFZITE, £F, RO XS5 ITHRE

tr52 %,
a1 D (P + 0, DP (PP = DY | (J.25a)

a1 DY (PY) + 0, DV (PP = 0. (J.25b)
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2z, PV, P, RILIRT &S, HEE RO FHSEROLETH B, FIRT ML
D @M, DO PO T, P PPy, D@ i, R (W) oEBEAZ b LTRkDENET
0y REOIRIE, a1, axlE, TALOREHTH S, T2, cbIET sEAME, ¢O@PD),
cOPM) tH 3,

SYIT—ZADEBS & VRS X BOREDFHE

R (I25) OFAHRRERNT, a1, ap 2RD SN 5, EBB X OEHT 2 X iR D (exit)
v DY (exit) 1&, RDXS1kDBNB,

D(()l)(em't)
= a1 D (PP exp (—i27r§(l)(P(ll))TZ>
+cmz%”(P§hexp(-42wé”(P§67;), (J.26a)
Dgl)(exit)
= D (P) exp (—i2me® ()T )

+-agzﬁ”(P§))exp(-42W§U>a?§51;). (1.26b)

134 TS9O —R0BA0ERS LUK X SOREDNHE
BREM

MJADT Sy 27 —2TlE, BEEICHLTE, X BAHMORAET, &KiED 252, KHEHK
WXL T, MsORRTEASM, RiEg '¥tay 25225282k 5, TRDB,

a D (PP + a,DP (PP = DY) (J.27a)
a1 D (P explizne® (PP T
+ a; DV (P explizre® (PY)T,] = 0. (J.27b)

Lo (IZ@E) ¢ (270) ZHEL VT oy, ap KDDL, 22 XROA (ER) IRA L T#EE
kb3,
TS59I5r—20FEBE L UVRE X RORBEOHE

72y 7 — AT, HEBICEL T, MSEECTIRIENE SN2 01 LT, FHEICBEL T
fdm D X BRASHE & [/ U C O EHriRIE RO 52 Z 22k b, Thbb

Dél)(e:m't)
alz%”(Py))exp(-42w50>a?¥51;)
+-a21%”(P§))exp(-42w§“>a?§51;), (J.28a)
DV (exit) = a, DV (PP + au DV (PP, (J.28b)

A X #ofREE D) v EUTWEOT, o WEEY, ROLIE, /@Y, O XS ASLZ
&, R () 20 L3 (ER) THROL NS IRIEDHNMED 2 s, X #OBERILN UIIRSRZ
5z23Z%2i1Tk%,
J35 RERCFHEOLE

X J.51%, JEX 14um, 21um, 30um DY) a VRO 75 v 7 — 2, 42 2 BEHFEICOWTES
Nz, PERDOFIRIC X 2 EMAER (BB, BHEMEREZ#EL 22k b Fon 38R (PE), £
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T,=14 ym

o
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2 8
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g

= g

ko)
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X J5 NHTTvrr—2, FEER 2] LEHEAROE, Befbxh, SEETHhahs,
B Ko # (1.5418A, 8.041 keV) Z A&, >V a> 422 ORERELREH, 75 v 7 44.06°,
75w ZAH 45° 1ITEL, T RIEDRNER T A 3.280 x 1072 &, NEARETH 2729, o @LD
AEERLTVS, At XD BRI, FCERORKMNZHWLE, 7aX -2 -3 a) X—%&
[22) HEEEHTED, @O X HREHRER, BHLS 21F8/hE0

X DB SNENEREME (2 Y F > 2 h—7) 2] TH2, Ry F 2 TH—TOH, EHOEHSD
RENEIAR CICIEHICRW—BD A LN S, F/z, S L, HHRO FAEEROLM (R4 RL VM)
2R, 2B SIRELEZEE T 2EROFRL, EHBEMEL MR HIED, TRCEHTH S 2
b5,

J3.6 BHhFEGZEREREC LTEET2EH

2 (n ¥ —2) BIERNEIREERICOWTIE, ZhEEEHEME L OR T 205800, W ohd -
7z [6, 6, 2, 23, 24, 5], 3L 7 [23] 1X 1974 4, @M REEHEMEZERL, YTV —Fv 747
SV —ZHWTIhE2M@E, EBRERLIBELTWS, L2L, 27 —ADI N b5 v B 2%

i (BE-L ¥Gm) ZEAMEME e LRl L2flE, EEOHZMD R0, N s — A EH ER-E &
LGt sl bk, n=20%58d, YAEAEMEL LTHONZ2HFETH L, T LD
3, 4], Z2VZO@mX 2] DWITIUTH, [EHE (eigenvalue) & W HEEN RN L5720, A—F 4 TD
EER X, BEMRPTRIELFENATVS, X BIH¥HEROUREZTH 5, 500 R—ILIED
3 ZDFEIE, 2 EOBNFHEGCHE T 250, F ACHENCEIHIATWS, L2L, nil
r— 2L TR, FMHRBEY LT, DI 24 R-VDOLBDBDHEDATH S, [EHHE (eigenvalue)
YW HEES RV, 2 HOMERE ZIOBROMICIE, KEREZDAHD, EEMEMEE WS &
HHXNTEKEP-7=DTH 5,

EEMEMEZ, SH, REGFEORERBETERD, ToLE, 7T 0oz X SRET
DEANZED, ZHCHET2HHBERLEELETCVWAEP-DTH 3, £/, Mooz, av
Ya—X—0hole, VHYORMBIL, HMRRECEZ AWTHRITINCE Uik, BIEFEOER)
P32 BRIRAT S IR 22 5 P20
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TYIRRECE ) X, VPR BOE R OO BT H 20, WHE B QML R L, BEEEIC
YIRS DR R, WD T EMBRAZ N, TL R T T ZOBRANEDORENTH B, SEHENT
RO, ERARENLERREL Lz 1Y) ZRVWETIHALIELED %,

J4 ‘BRI

BB (BAR- by v oR, T-T #am) 13, 1962 4F, EBAKHIRIC X > CEH X7z [0, 10, 11, 12]
HARMATEAT, MRS FOTA2R oM TO X D32 FWEibTEL WS, FHL
WRHZ > TWd, ToVL b5 7 OB (E-L M) & FMliRos, ZoZeilo2nwio
S, EHOHIZIRD, A—7 4 TOEEH R O §11.3 ICOTLEHBRINTVEDN, HE—DHD
TH %,

AT, T-THime BE-L 8 7 — V) ZEM Tl I 2 FliRHmTH 2 2 v %, FRINITR
T, INETDDXIZ, AVFI77 74> FTaldh LCERMEMOBEKL L TOBERIRIEL, *
ZEE OB TH 25E5121&, DDESIT, BEDT + ¥ b TRT,

JA1l INLA-SUIERISOERERDOES

fERNOMERZ b LB 2%, DY) exFcrics s, DY@, Svziilalc
BT FVOMRER DK EERT 2IRETH 5, 2T, i ZEDOEFES (i € {0,1}), [ImLIKE
(le{o,n}) TH?, ZOWIE, RO XS FHFEOARICE D RIND,

Dl(l) (r)exp (—iQWLaHi . r)

D.S. RN
= / Dl@(Ak) exp (—i27TP(l)HZ' : r> ds (J.29a)
Ak
D.S. —
- / DY (AK) exp (—i27rP(l)La : r> dsS - exp (—i27rLaH,~ : r) . (1.29b)
Ak

Z2T, Ak =Lall, [D%ds1&, 5 (Dispersion Surface) 2KIZh7 2MATH 5, DO 13,
70y REOIRIET, BT PLothssy, KX (C0) TEX 62 0MEO ARz L, RIEL
AR (C3) OEFRE 2 H28E, ¥EHOLYD XS RERTH > TdHbRzw, PO 12X, FHOF
ZFEHION, [05dS OB, 2 00N BEICOWTOMI R ETEE TV N5 THS, R
(IC0) O exp(i2nlally) %23 TROXEE S,

D.S. [N
DY (r) = / DY (AK) exp (—i27rP(l)La : r> ds, (J.30a)
Ak
D.S. —_
DV (r) = / D (Ak) exp <—127TP(Z)La : r> ds. (J.30Db)
Ak

DY e ER SN B BIT, SHEO SRR (CI0) AMD TOL F0H, LR TROERH
D, ZIT, Ak B, XD ESICREEZZE2EET 3,

Ak = IWL; = f(()l)so + nél)egr) (J.31a)
= &{"s; +ntel™. (J.31b)

/2, r 2RO XS IR T B,
r = 5080 + eéﬂ)eéﬂ) (J.32a)

= 518, + e{Pel™ (J.32b)
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X (E30) oKX (EB31E), (E378) 2RALCEHRES 2 e XX %2155,

D.S.
DY (r) = /Ak DY (Ak) exp {—1271( Wso + moel™) - (s0s0 + e el™)| ds (J.33a)
D.S.
_ / D (k) exp [—i2m (€ 50 + moc”)] S (J.33b)
Ak

Loz (IE338) % so THD L TROR%EH 2,

0 o ["F pw o (e ()
(9TDO (r) = B Dy’ (Ak) exp [—12#( 0 S0+ noey )} ds (J.34a)
0 0o Jak
RPN o () ()
= /Ak TSQDO (Ak) exp [—1277( o So + noey )} ds (J.34Db)
D.S.
= —1277/ fél)D(()l)(Ak) exp [—1271( él)so + ngeéﬂ))} ds. (J.34c)
Ak

Lot (3@ 2, R* (@) 2RA L TROREE S,

) - DSy T ) ()
——Dy’(r) = —17rKX0/ Dy’ exp {12#(50 50 + 1Moeg )} ds
Ak

(98()
D.S
- iWKC(l)X_hl /

DY exp [izw(gé”so + noeg“))} s (J.35)
Ak

X (330E) 26, R (I33) 21570 LA CFIEZ K (C300) 1SEA LT, XRoRXz21E5,

D.S.
;Dgl)(r) = —irKCOyy, / D(()l) exp {i27r(§(()l)so + ?706(()70)} ds
51 Ak
D.S.
—irKxo / DY exp [m(ggl)so +noeg”))} ds. (7.36)
Ak

FosxX (=Z3), (I38) 12, R (I308) ¢ (E30H) 2RALT, ROAEE 5,
0

5o D0 (r) = —irKxo Dy (v) — im KOOy, DY (x), (J.37a)
0
0

?D@(r) = —irKCWy,,, D (r) — irKyo D\ (x). (J.37b)
1

50z, BRIMR x(r) &, FAMBEKT Y, xpexp(—i27h-r) DL 51T 7— Y ZHRBUT RS
22D TED, MBI TEMRY ML u(r) ODEAGEZFROHA, BXTMEIX x[r — u(r)] T
BT 22 eHTE, 207 -V THBO hy BEEF —hy 1TMIET 27—V f/BIE, zheh
Xh, €xpli27h; - u(r)] BB LK x_p, exp[—i27hy - u(r)] €723, X (3@A) & (E37E) O xp, BEE
X—n, CEBEEHZ 2y, X (I3E), (370) 1, XOX5IE=HR 55,

0

s D(()l)(r) = —iWKXOD[()l)(I‘) —irKCWx_;, exp (—i27h; - u(r)) Dgl)(r), (J.38a)
0
0 U . D (py _; 0
@TDl (r) = —irKC%xp, exp (i27hy - u(r)) Dy’ (r) — inKxoD; "’ (r). (J.38b)
1

FosX (I3R8) 12, FAWEKTH 2 x(r) ONitEZE, BRI u(r) 21, $o6823b0THS L LTR
D5, LoRX (I38) &, BAHERE»ZLRV, BAHERIEZ, W 2r0—RER 3HHH
FAET 5 [10, 12, 03], L2L, ZO613, BARZoTWTHEMTH Y, X HONMHEE LIS 2572
T, MoBRICEETEZL N TE S,
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J42 BARERHISOINILF-SUIBROEH
BFEMOEEZ G R VEAEROR (C32) 1%, 28EO LD 128 PO 2HE~RZ M LOthA Y
FTH5FHPETHRDIDETTH S, TROH

D(()l) (r) exp (iQW]TI‘IO . r) = D(()l) exp <i27r1WH0> . r> (J.39a)
= D(()l) exp <127rl?(ﬁi_a> : r> exp (i27rI?Ho> : r) . (J.39b)
L7zD3o T
D (r) = DY exp (izwm : r> (J.40a)
= D exp [m( Do+ noeg“))} . (J.40b)

Los () % so CHH L TROREE 2.

0
880

—
DV (r) = i2rel DV exp <i27TP(l)La : r> . (J.41)

A (I29)-(@D) oFNE%E, DY (x) ilifiLT, UFoX%H 5,

—
D:(ll)(r) = Dgl) exp (i27rP(l)La : r) . (J.42)
—
%Dgl)(r) = i271'£§l)D§l) exp <i27TP(l)La : r) . (J.43)
S1

A (C20)-(23) 23X (E37) KRA L TEHT 2 L ROXZ21F 5,

2re"DY = irKxo D + irKCWy_y,, DY (J.44a)
2reDW = irkCWyy,, DY + ir K xoD. (J.44D)

FoR (22) od% i2r TEHET 2 UL b-F v o Hg, X () 2153,
J43 Fr®

§CAT T, = L b7y i EA MY, 42 T, SRS ST UL M-F v ZHEG
PEM L, bbb, BEERE: LTidhEnd v b-gvaMige, MaonEcidddn
AR, FMROTH 2, PERECE L @Ecld, EEEREIHy IR TEEZRIONS
ZEDBLELED B, ToUL b7 TR, WZERT X RETEEAR T 2R TH L, Tk, X
RRET 2 RERICB Y 2 MO ARERNICHR LET Z 2T, BAHME, BESTEMERDFKZ S W0
SELVREEER L TR 5, MMk, BETEEORMBEEEY, ZhcEAG L WS EEZELS
Hy, BE8r LTEEMZ/2OTH S, L7 v HEmE, MRS ERTRITUE, BrEsh
0D, BAREETE, EEEROKEICHIET 2 26,27, ZOZ b Ek, BAHGROE LW
Thb,

IOV h-Z U DGR MAHGROEMTH S Z e RHMR L2 LT, ZASE MG THEVWS T
ZRERE, FHEFIEZ TS, ThoOHmIAFMTH 2 Z L3, BT NFON By THGE
Yal T4 vH—HEADPEMTHZ I, EFICIILTVE XS EBbi s,
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FE K

X #RZH (n R) B71FHEER £ € OBERE
BB FUMHIERERIC K BHRGE

B B 2%V LEZERIGEVERICAS Lz X BoR2# 0L, Bi%n
E%ﬁfﬁa@ (B EHER) ko Ttk s, ASLB#ET 2 X iy, 020
77y FRFED AR T 5, 2 WENHFHEICE, 100 FIIKRIEELIDH 5
B3, 3 DU EDOWHRIFHTIRWEZ I (n IK) 77— ADHXANE D720, FEEHIE,
EAHER (T-T HER) 2207 — Bk L, BUBEREZ %2, X BROREIR
REZHIMH L 72 D EBRIC K D, ZOMGEEZIT > T& R, TNV -7 U Z O]
R (BE-L #Mam) & T-T S8R, 2T —R BT, 7—V A TR
I N 2 EMABRICHZ 2 2RL, FHHEE XCEBROFIELHERICOWTHE
TR

K1l FC&®IC

SERFEETET SN 5 X BROYR 2 #FE it 3 2 HEREE 2R (B 8) © Xidh,
1912 FFIC 7 v 2T ko C, ffiC Xk 2 X BOBTHSESFER I NZEHZRD 1910 FRUCE, X—v 4
VIR, 19] T E B] HIC Ko THEROERN G Z iz, FH, mbDIEHWSLR T 2E/)%
BEE, T MCE-oTZORBENGZ 5N, 19314, SYIRREME L 2] =L h-F5 v L)
JE3 8 (B-L ) TH b, 7V DIk > TH X 6B EEmEARLER 2] 12, A4 X#Re o
EODRG X D ARV T2 2 PohBlz A Lz, 2o E-L M, %< oHRF I RE N
TW3 [2R, 29, B0, 24, 31, 32, 8, 33],

—73 1962 4, EARIC X o THEINE [0, 00, [0, 12] EAR- b vo8roR (T-T HiH,T-T HER)

fhmmig FRAZIDWZ 2w LT, HRRAINCD o 7B 8KEED S, >V 2 V5O
ﬂxt LTI ZIT ARSI, BRABRERET RS2, XBRINRZ 7 ITKBORERS I 21—
> a ¥dMfibik 34, B,

D DDORHEN T T v 7 DRGSR #F%zﬁt@‘ &, OMZERTE, WS FEA Hy & 000kt
BUHy AL MR FICTEET 2%, HoH, i D L,uaafwalﬁliiéﬁé ¥, Hy, Hy YA DT A
TV MR EICHB 51 TR L, ARICHRTE 3, HoH, M D Icfs& 2 EE ¥, HoH,

*LREE, P K BMGLE MREEE: AABEEEREE TBEHE) 33 (2020) 61-80] 2H# Lz DTH 5,



206 R K X 820 (n 1) BIPER 2 ORIRES X ORGDERIG & 5 Wil

WX 2R X MOERRET 2 2% ¥ V&, 1937 FL =2 h— [E] ko TRINCIE SN2 L
Mo, LoV H—RFr b Xidh3,

T/, XARZ FPrZ2ab—IBVWTIE, Y VaryReRAYEY RAMDERERE LTHWSLRS
B, FEDHF T ANF—T X RGRE I EEN R ohns Z2ehH D, 7V v F (glitch) & XX
NTW3, lglitch) &, 8, FEEGL VS EROELELFATD 5, 2IAEROEEIC X D T UL T
BRIZMHES 225, FEED KT Z X ILF¥—T Hy, H; A DM T BT UL FERD BIC#E - 72 & Z1Z,
7V FRRET 5,

Hy, Hi, -, Hy_1 OWHETFHEDFRFHC T N REREICH D, n HORDBFRFICHRW T — 2% n K
TR XX EIZT B, TV -F U ZHERD, n T — AR N DIE, 1967-1968 725 7z
(@, 20, 8, B8], 2L K> THIEMRDPTIDTEZ 5NZDZ 194 EDZ L TH S 23],

—77, T-T BED n K7 — ANOIIRE, FTENTz, REOTIRDBIENTH 279, 1987 F, IR
KRR LTz 3T — AR Th [37], 1998 FICEEEE T % 3 7 — 2D HER B8] 28
D THEEI Nz RHEOMREZERLTD, n e {3,4,6,8,12} D n 7 —ANDHR [BY] &, &t
B X 2 BEMIEDORTE, BXU 6T —RATOREHICE 2 Y R—L bR 7EBERL O
Le# iz & 2 MREE (40, 41, 26] 1% 2003 F, EHSICXI2MELWIDTL Ko7z, DI, 2012 F£FTIC
n € {3,4,5,6,8,12} D n fr —RZOWVWT, FHEHES I 21— a Y ERMRO L u—HE2WmE L
T&7 12,

2005 FIHRYNCHE L7z Z e TH 5D [43]), E-LHgne T-T HimoricX, 7—V & cidif
N2EMREGRED D, FliThz, WINd 7V X 3ENFEHEGREASER 2] »oEHIAT
W5DT, YRZDTH2P, TOI BRI TwiRdro/zZ s, T-T Hiwd n K7 —
ANOIERDEN T ERFER TR W e Bbh s,

AFETIE, 77 TOBNFHGHEAHERLS, T n K ELEREEHL, ThE 77—V T
T3522T, ni T-T HFEREZEHT 2, ¥ n il T-T HERE 77—V ZZHL T n il E-L Hinz
Hittxs s, E-LMEE T-T BEmASMTH 5 Z & 43, 42) 2, HIRANICELDRS 5,

n FEOEEHETE, E-LEGHE T-T FEROEb 5 THild T, MEMERDZ AT
%5, ZLT, zhztuc, EFt, BFYH5, TOHEEZHELL LT, ZhsZ2fnglrsaNEl, ©
WS DHREEDRFETH %,

HRNCHER DL SEN TV B EEGROBRIEFIL, -7 4 Tk 2EH R ZeBbhs,
500 R=YPLEDREFETH 203, ZIr—R (n 7 —R) BT 25T, DT 24 R=ITH 5,
ZWr — ACFRHEL TR L2 BRE L LT, F v VI k2 2004 FF0ESE 28] b b, BV RAH—
D 1978 FFDFEE [P4] 121X, LD E-L HERICB T 2R3 LWilidhidH 2, LEa—L LT, Ny
H—brbavw—I2k3dbD @4 65, aLIICEBDD @6, 47 2D 5,

K2 I/NILE-5UI (E-L)n FIEsRDEH
RORIZ, FVTICE o TSN, B EREATERTH 2,
k2 — K2
gD = > Xni-n, [Dil . - (K.1)
v J

k%, i ZEHDO 7 0 v REDOFEE, HEH~RZ bid, k; = ko +h; THD, ko l&, #i5BEHTERDBEE
N7 MU, hy BEELRZ FATH B, K(=1/)) &, AS X HOHECHT 38T, N\ 3RETD
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%0 D; & Dj i, i &HE jEHOT By FEOEFRIBRZ PALTH 2, Y. 13, jICHT 2RO
YU A= a Y THb, Xn_n, &, BIIWED 7 =) TRH, D)) 1k, &, EHERIENZ b D; O
k, ICEELRLITTDH 5,

ki + K ~ 2k; O3 (K) ICHEA LT, ROoX»Eens,

729% —h; J_k ) (K.2)
Where &L=k — K
BREMNZ sV D;, D&, AA7—RED 1 RFEETRDELI KT IENTE D,

D; = D"’ + DVe!", (K.3a)
D; =DVel” + DMeV. (K.3b)

s; D k; HEIDHMARZ ML THB L %, s, IcEEREMARZ brel” v el iz, s, el eV 23, £
FERXREBRTEIICERT %, j ITOVWTHFRETDH 3,

WZEFNCERI L 7z Fig. KO 2ZR L4506, UTNZEdRT %, n HOME T o E—M RICEES
BIGECREL T, ROMMEDE VLA LT n OEEMRETT 2L, ne {3,4,5,6,8,12} &
%o n HLS DM T AIE T UL FERER D & 1510580 2 W S LR BT 3. Lag(o 7 =) 1,

H;, i €{0,1,--- ,n—1}) »5OHM» K (=1/)\) TH2H, P, & H 2033, PRKOD
BRI 2T 2 FETH %, Plg & Plz DAZEMOTH 2, 7V ITHIE, DBIC \My # K OG5
WHBEHTE 2 XOHEERZIRT 2D T, HZXTLag & T 5,

P& Plyp Rz, AFHEROBEANRZ LR (RIE Hy) TH S, £/, ERF S & C X
DEIITERT %,

e™ = 85Ms; + 0%™el” + ol MeV. (K.4a)
L7235 T,

SZ(?) =s;- egm), (K.4b)

oo™ = e (m>, (K .4c)

clLm (1) o™, (K.4d)

® (K2) okBr filic, zhzh, ) (K38) & (K30) 2RA L TROREE 5,

&(DVel® 1 DMel)
el Z Xhi—h, (0) (0) + 'D(l) (1)]Lki' (K5)
K (KB) A (K28) 2 AL Tel) oz tiT sz 21c&D,

(l) th i Zc(l m)D(m) (K.6)

PPy &, X#RASRIAGSERE D RA & BAERARZ ML n, IFTT, RDOXSICEKSIN2dDL
ERA

/
P/P; = ¢n,. (K.7)
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SO ¥ M Z, X MEASA DS n S5 DAED R LT, Fig. K123 T,
PiLap = KB©el” + KpWell. (K.8)

&=k —K)Z s; 2k — K, ONERr 2 Zic&bEons, 22T, k; = P/H;, K; = LagH;
THs, XN(ED X (KR) DELEL, s; OWfEZ L - T, R (KZB) 2RAT3 &,

—
& =s; - (P1P1 + P1Lag)
=¢s; n, + KBOs; e + KWs; - el
= €cos©; + KOS + kWS (K.9)

R (K9) 230 (KB) EHICRAT 2 2, ROAPELN 5,
£ cos @ﬂ)z(-l) + K <Si(%)6(0) + Si(}o)ﬁ(l)) Dgl)

n—1 1
K lm m
= 5 D Xnmny 2, D™, (K.10)
7=0 m=0

ZZ7T,i,j€{0,1,---,n—1},
n e {3,4,5,6,8,12},
l,me {0,1}.

O; 1%, s; 2 n, DRITATHS, X612, A (KI0) DMiid% cosO; THIS Z 22X DXOADES

K.1  Geometry around the Laue point Lag. Plp and Pls are planes whose distance from
Ho and Hs is K. P}, is a plane normal to n, (downward surface normal). The Laue point
Lao and point P{ exist on Pl,. Pl; (i # {0,3}) were not drawn for simplicity. La; and La;
are points whose distance from H; (i € {0,1,--- ,n — 1}) is K. P} is the initial point of
wavevector of the Bloch wave. Pll,k that appears in equation (KZ2) is the kth numberd P}
i.e., the initial point of wavevector of the kth numberd Bloch wave where k € {1,2,3,---,2n}.
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Nz,

K
pW—_ 2
& cos ©;

n—1 1
R —— _h, cC DI K.11
* 2cos O, jZ::oXhl hymzjo i T ( )

X (KEID) 13, THE~Z FAEROWT, RO XSICESN 5,

(1950 + 5(350) DO

(ED = A9. (K.12)

E 3, 2n x 2n OBEITIITH 2. 91X, 20 RTEDFINY b AT, 20 ¢ HHOEHE D™
(q=2j+m+1) TH3, UK, BEHEXZ bL0LIEE, BEEXT PR TATH R, EXFTRT
T35, AlE2n x2n DIEHFITAITZD piT g WIBDERK a), ((p=2i+ 1+ 1) IZXD X515 Z
55,
Ap,q = 2C£§@i Xhi—h; CZ-(yl]’-m)
LS
cos ©;
CIZT, p=2i+1+1,6,,1& 70X h—FTAETHZ, R (KI2) X, 2n HOEHMEE LEHNR
7 bV 9 eFOEGE/EENRS PARETSH 2, EHEMEE D, 70y REOBEEANR Y S VICHIRZ 5
Z, EBERZ MARIELRE S Z 5,
2 D E-L #Himd 4R, X (K2 ok cididah s TEEME/EEX2 MVEE 2w HER
—RICHT Z v, 2 E-L BHEICE T2, [ JETRTOFZFRCBVWT, HEHEOES L L TOSHE
DEHIFRENTNE, IR (KD2) 2, UFD LSBT %,

( Sf%) 30O 4 5510) 5(1)) ' (K.13)

(A-¢E)2 = 0. (K.14)
O, IRTOWMITHERD 2n KITDHIRZ VL TH B,
det (A —¢E) =0. (K.15)

FoxX (K1) &, X (KT2) 28 2 = O DANDEZ 27D DRNTH %, 2T —ADGE, o Rt
Erf@iiE, TIBLAES ZeRBIAICHIDILS 2D TES, IHI, B—VLYYREERT DL
kb, X (K2) ofH»5 j=i DEZEET 2008 —BNTH 5, 78HEOFEX (KI5) 1, o
WY T RECR LT, ZhzhMiiiRe ks, 2o/, 2% E-L F&E, UL 3w 2 e
R %,

AFROFEBIZBNTIE, B —L Y YROERZITORV, T-T AERICj =i DHEEZEIT &, E£EF
ROFEFTHET 2 L WS ERREL D 2720 TH 3 [26], ZiHr —2AIZBIT 2 08HE, LT
D 2n KRR D, EFEICEMECKRZ, 202 b, ZWHNFHERORELELE-ERD
OeDOTH 5,

n % B-L B OBEME RO G A 7-03aL 5 23] TH 2, WOFHEE, Svzfizid@s, Hib
H;, ¥R K 00Bhx b EET 260 ThH D, X (KI2) OEGMHE/FEARZ PBEERS XD b,
75y &P L RELBENZE 25T, BWEEERROLDEEZLNS,

Fig. K0 12i%, Hy, Hy, Ho, H3, Hy, Hs 205 OEEEED K (= 1/)) 7 7 x5 (Lag) IKMZ T, H;
(i€ {6, 7, ,17}) 25 DEEHEA K ® La; 2EMATH 2, OHD §KH1 TR Fig. K9 D X
572 18 7 — ADFEIZ, La; DEBRNPDEICKR D,
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Fig. K C LagLa; &, P|Py KFATTH D, X (KI0) ok, D e (¢ +¢)DY (2721
I<6DEEL =0) KEEMZZ2MLEDNDH L, A (KIX) OFD 2n x 2n {THIOEFE 2K T (KI3)
i3, RO XS EERZRTUSE SR,

K

a. =
P39 cos 9,

Op,g K (0) 5(0) (1) a(1) ,
© cos©; (Si’O/B +5i0/ ) — 0p.qSis (K.16)

where, & =0 for i < 6.

L
Xhi—h; Ci(,jm)

T (KO8) Z31cH2 2n x 2n (n = 18) DfFFI%ED, X (KI2) OEHE/EHXZ bLEE
ZigE, Obic §K32ERT 5, X (KZ6a) e X (K22) o3 E LEfr Fa 7 » A V&2 &E 7 —
VLT N0, §KL Tnd, Fig. KI8 (b) TH 5,

DI WEEERE®RNED 2, EESHD 2012 FF0Fw L [@2] £ T, T-T FERDO@E L[ 2 1H T
D, nEOWKETEA O DOME LIcRiFIUI R SRV WO HIREFITI TELD, ZhEIRDIA-
7eDTH 5,

X 5 1K ,Fg EKEI ® Py Lk ® Lag T & W % Fi & Lay %
%, Tala — &n, ¥ B B X5, P, Fi L (i e {012

n—1}) BEERT S, ZOBE, n I B-L#H@mzidds s, X (EI0) Y3 2R3,
RD XT3,

= —¢! cos @,-D;(l)

n—1 1
K !
S v S e, wan
=0 m=0

where,i, j € {0,1,--- ,n — 1},
n &, ToUL MEREREITEE DU T RO,
l,m e {0,1}.

PlLaé = KBgWel" 4+ KgWel) TH 5, £ 1 HE LIS 20 o HEICOWTIE, 2 (K33),
(K33) %8 L7 3Iciid s 2. 2 (KTID) Ichl 3 2308, KO 51k 3,

K
D/(l) -
&P cos 09;

n—1 1
K (I,m) ~/(m)
T s, jz:[:)Xhihij_:OCiJ Dy (K.18)

F7, X (KI0) 2XORTHEEMRZ 5 2 LITh 5,

(Sf%)ﬂ’(o) I Sz‘(,l())/B/(l)) DO _ ¢rp®

K
Up.a = 2cos O;
6p.g K
B cos 09;
Loz (K19) 1&, Fig. KIT9 D X 5 “HOME RIS FRBFEL LR T, EEOMEB DM
TR, ToUL MRREBEDLFFICHEET 27 — 22250 T, R (KI2) ITRALT, BERDHZZe»nT
x5,

L
Xhi—h; Ci(,jm)

(980 + S50 — 5,80 (K.19)
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K21 INLh-57IEH (E-LER) hSOEAARER (T-T I5R) 0ELH

:@FTM R (KI0) v Ui (KI0) citid & s n i E-L B, S, n il T-T HER 2L
T %, W BIT 2FED L EHZEIC B 2 W DIEF D3, MY LY > X — a »DIEF DR
s, E%ﬁﬁ%@’%’?}: %5,

r ZBRZ MR LT, BINYHEROMBTDH 22 D(r) 25, XOokS5 1RSI0 L
T3,

|
—

n 1

—
S e DI (r) exp (—iZTrLaOHZ- : r) . (K.20)
=0

<.
I
=)

LURORBD7, MERZ L, s, el el o 1 RS LTRO XS RZIh DT 5,

r = 5;S; + e( ) (0) + e(l) 51) (K.21)
[RYCRE | 0 i BEOWIE, 70 v REORIE D 12k o TRO XS ICRBT 2 2 LA TE B,

—
DY (AK) exp (—iQwP’lHi : r)
= ’Dgl)(Ak) exp ( —i2rAk 1)
X exp <—i27TLa0HZ' . r) , (K.22)
e
where Ak = P/ Lay.
WZET 7 — ) RN ETIRE, chgT DY) TELTELT Ry R HOREE, Zhit Ak OB

Th3 e 2RISR T D, DV (AK) vk 2 2 v icd 3. 7, Hoidokd, K (K2)
v R (ER) 25, Ak BRDESICRIN 2L 2R LTBL.

Ak = ¢n, + KB0e(” + KpWelV. (K.23)

K (E22) © DIV (Ak) 1, YO X5 ZEMTH->THlEbRV, B2, A8 X RORIES, Fig. KT
D Ply LD 1 HTOAEBRTR, T4 7 v 7D7NXEBTHIVUIFIBEAS, RIELMEDZEDS
RW—EEDFEE, EZEMETIE TN R Y 722 - OBRERAS & 725,
X (E20) H3U0iRE D (r) ¥, i % j1, | % m B ERALRE D™ (r) 1%, 70y FkE=
E—L Y MNCEAADELELDELEZ NS0, KDL ICKEN D,

D (r)
D.S.
:1/ DY (Ak) exp (—i2rAk - 1) dS. (K.24a)
Ak
(m)
D; (r)
D.S. (m)
:/Ak D, (Ak)exp (—i2rAk - r)dS. (K.24b)

22T, [0FdS i, AEERKchE 2B TH S, B EHNZ M, 20 fH 20T,
zhen&EE%R k(k € {1,2,---2n}) £ LT, Zﬁ1®ﬁ/x~yay%téﬁﬁ%@0%éﬁ,ﬁ
(K233), (K240) 125V TiE, Ob0REHOMELDzD, [V dS ofyotic Y7, oF >
x—ya/%aw%@zzbrﬂmurmaoDP@)&Dﬁknu,%m%m,amﬂmigﬁ.ﬂ
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) v exp(—i2nLaoH, - 1) ™ OWE LT HIRETH 5. R (KZ0), (K23) &3k (KZ) 12fRA
LT, 5t (K20) oRERTEEET 5 Y

D.S.
PP = / D (AK)
Ak

X exp { — 127 [(f cos ©;

0
+Kﬂm$3
+EBDSY)
+fi (eg0>,egl>)} } ds. (K.25)
ZZT, fi(ego),egl)) &, ego)’ egl) DEIRLT, s KIKFLZRWHTH S, £oC, 8D£l)(r)/8si &, X
DEIICFHAEIN S,
A0
—p!
8 D.S. W )
= D, (Ak)exp (—i2rAk -r)dS
9si Jak
D.S. o }
. / 2 [DO(AK) exp (~i2nAk 1) dS
Ak Osi L
D.S.
~ _ion / [cos@; + 1 (5195 + 850)]
Ak
x DV (AK) exp (—i2rAk - 1) dS. (K.26)

—7%, R (EZ23) ® Ak Db h iz, Ak ZRD XS ITEHRT %,

N
=¢tn, + KB@el” 4+ KgMeV, (K.27)

R® (E23), (E28) T, Ak, D"(r), D{"(Ak), D\ (r), DI (Ak), O, ) & zhzh, AK,
D" (), D}V (AK'), D™ (x), D™ (AK), BO, g0 THEERA TS, ARLERHSTE30T, R

(KZ28) LA LTEORDADG 55,

a /(l)
D.
os; (x)

= —i27 /AZS. [5 cos©; + K (Sz‘(%)ﬁ/(o) + Si(’lo)ﬁl(l)ﬂ

x DIV (AK') exp (—i2rAK' - r) dS. (K.28)

2 (K28) © DO (r) 5, n [AOMHT-AHF—FIE e T 238812, exp (— i2rLagh, 1) ) @
Wk LT B RIER DK LT, 3% (E28) 0 D\ (r) 1%, oxp (- i2nLagH, - r) o) LT 2 Kl
THY, T NREFEBCEET 5 IMT AL TATERT 3Ha~Y, T-T AR 0mHmNE
DHBI—MRALT 2 T DITHEfF L 7=,
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3% (Km) %3¢ (K28) 1A LT

0
8si

D(r)

D.S.n—1

= —inrK ZXh —h; ZC(lm)
7=0

(m) ;
x D" (Ak) exp (—i2rAk - r) dS
n—1 1
S ST e
j=0 m=0

D.S.
(m) .
X /Ak D, (Ak)exp (—i2rAk - r)dS. (K.29)

% (K228) 22X (K2) LR AT 2 2, RORAELNS

0
8si

D" (r)

= —irK Z Xhi—h, Z o Dl (i (K.30)

where, 1,j € {0,1,--- ,n—1},
n € {3,4,5,6,8,12},
l,m e {0,1}.

Lo (K30) &, n @OHEFRHBFE—ME ECH 25518 T 2 n ) T-T HEXTH 2,

IAT, M@ TERTH2 L E, BXOMWEE, x(r)= > xnexp(—i2rh;-r) DXL, 7—
) IHBCEE NS, LaL, BEBICHTEN ur) 555 L %, BAMERE, EBIIC [r — u(r)]
D, XX, ABRshizr—V BRI N 2,

x[r —u(r)]

=" e { —i2mh - [~ u(r)]}

= Z X, exp [i27h; - u(r)] exp ( —i27h; - r). (K.31)
L7ehio T T2 u(r) Z2ROMMOY%E, BXROMRD 7 — U TRBUIIMENRZ FLr ORI
%Y, Xni—n, exp [i2m(h; — hj) -u(r)] @& SwcKSN 2, Lo TK (KE30) 1%, HFEMEHHS
WKHLTRD LS ICHZMmZ SN,

9 Ho
!
n—1
= —irK Z Xhi—h, exp [i2m(h; — h;) - u(r)]
j*O
Z o Dl (r) (K.32)

FoX (K32) 1%, n HOFETFRLVEDODOME LICHET 2550, Mg FEMEZRDRZ 2 n
B T-T A2 @1, 842) 12I1EH 72 5720,
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Rz, T FEREEOHIEFREIRXRTEET 255D n K T-T HEX2EHT T 5,

Lag 1%, R (KI2) 283 2 EINCER L2 X518, Fig. K1 ® Ply Ficdz, 0 FHD ik
ENT7 VTR THD, BkidihL7z&51c, 0BHL i HEHO (kX7 vl ZHAN
2} uiE LapLa, = &'n, TH %, (Fig. K BH), n HOSHETASFA—FE L b 25800013,
(E1m) %3 (KZ8) 1I2fRA LT (K2) 2187228, TV FEREFHEOWE T RE TN TEETES X
51T 510, 3t (KTD) 2R (K28) I AT 30805 3, BoN3RIE, KOFEDTH 3,

0

D{(l)
5 D)
D.S.
= i27¢] cos ©; Dg(l)(Ak') exp [ —i2rAK - r]dS
AK’
D.s.n—1
—inK Z Xhi—h; Z C’i(’lj?m)
Ak 4T
/(m)
x D;"(AK') exp (—i2rAK' - 1) dS (K.33)
= i27¢] cos © -D{(l)( )
—irK Z Xhi—h, Z o D™ (x) (K.34)
where, 7,j € {0,1,--- ,n—1},
n &, ToVL b BEREEIE DR T RDOE,
l,m e {0,1}.

Lo (K33), (K3) 28T 310570, Ak = Pila 2B, % (K20E) 5008 0 %
DD (AK)) exp(—i2rAK, 1) £ T2, —RAEIMER LS ICEZS, LHALIoBE, HEAD
SRR TED 7, X (K240) L0y oh Y % D(m)(Ak’)exp( 2rAK, 1) LT 5 BERD D,
X (K33) 45 2 A 638 (K3) 4 2 HADZIHATET, 5% Lhkyy, X (K1) o405 1 He
FECBT L, f50Es, - AK, L B0, THETDT, % s - AK OIS LEDE, Zokd
TH%,
&5z, & (K30) 2 EBLT,
9
55,0 (o)
= i27¢!’ cos ©; D) (r)

n—1

—inK Z Xhi—n, €xp [i2m(h; — h;) - u(r)]
j—O

Z o™ Dl (x) (K.35)

Lok (K38) 1%, = L MREFFOFETFRZINTERL, Mg FRAZINORZ 2 niK T-T 7
BATH 5,

£7e, PHMASEFOBEC ST 0ARRSHMH L TH o X (K3 2850 2 DV (r),
D/(m)( )%, Fheh, exp(— 127rLaOH-- )eg), exp(_lgﬂm. r) el (m) 0)25272 LT 2 FIETH
%o D;/(l)( ) D//(m)( )&, EREN, exp(— i27r1?1f'ﬁ~ r) egl) &, exp(— i27P H, 1Hj- 1) e; m) o3 % 25
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HT2IRIETHBL LT, Figg K122, ROXPWD IO L PR TE 5,

D;(l)(r) = D;'(l)(r) exp ( —i2nP Lag - r)

= D;/(l) (I‘) exp [ —i2rK (5/(0)9[()0) + 6/(1)6(()1)) A I‘} 7 (K36a)
D;(m) (r) = D;/(m) (r)exp (—i27PLag - ). (K.36b)

3 (E353) ORI 8/0s; 38T 3 L,

(9 /(l) (9
0s; D (r) = {85

ek (3055 + 50 )

//(l)( )} exp ( —i27P1Lag - I')

y D;,(l)(r) exp ( _ iQ?TPlLaO . I‘). (K37)

X (K38) & (K37) X (K533) eRA L TROX %218 5,

0
&si

D/ (r)

= i2r¢!’ cos ;D] " (r)
+i27rK(ﬁ’<0>5€0> + 8D DO )

17TKZ Xhi—h, ZC“ DY (), (K.38)

Fox (K38) 1, exp (—i2nP H»-r) ® , exp (—i2mP H‘-r) () ok 2 B AR D”(l)( ) B&
UD“M()kﬁbfﬁbiﬁMﬁ%TTﬁﬁff%é L@t(mw) %, WH~Z F L P H, OV
WA QLI I5E, HaAgtzE<c, DI w) 7213 DJW () 12, —EoHoEREIE S
25k b, Fig. KID X512, FEME FAEBEAIERRY L n, 120 U TEERZRBEMNY L
e, ey ZEFRL, MENT MLE, r=re,+ye,+2zn, Litih¥ 5 &, X (K38) 2N TH SN2 KE)
W3, o, y CKEET, 2 0a0BEesD, DIV (), DI () exkEsha, %7, oDV (r)/0s;
i3, RO KSR 5,

asi ! dz ?
dD!® (2)
— i ) K.
cos © L (K.39)
3 (K39) #3 (K3W) 1RAT 2 &, RO &5 msiMn hitziEs,
d (1)
— D
L D (2)
=27/’ D!V (2)
120K 210) 6(0)  gr(1) (Y (D)
w056 BV + 8 S5) DI ()
n—1
im K Z ZC“ DI () (K.40)
cos ©; Xhi=h; ' '

RN (KHZ0) 1%, EHE/EENZ b}vF‘nﬂia;E%mxé CEMTE, INEML I VEIELN
2, ZOZ My, E-LEGHN T-THRLEMTHZ b2, 22T, #L R
S DYAJ AN
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WN/R(“])

(1) 1
o) &

K.2 This figure shows small hexagonal pyramids used when solving the T-T equation
(K=30) in a six-beam case whose results are shown in Fig. K2 [reproduction of Fig. 1 in
Okitsu et al. (2012)[47]].

K22 BAARERR (T-TEH) HSOI/NIL M5 TER (E-L H56) 0Eh

Zoffitid, X (KO0) 2w Ui (KOO) cRE N3 n ik E-L B n 3% T-T AR (K230) 205
BHTE5ZZ2mR7,

P X SARERICAS L, D8@E LD 2n MO X4 X4 > F RS 2 L %, RIEESE DX, 7
Oy REDOY I X—2 a2 LTRDEI KIS,

n—1 1
ZZ l)D(l) Ak)exp (—i2rAk - r)

i=0 =0
X exp (—i27rLa0Hi . r) . (K.41)

D (r)= DY (Ak) exp(—i2nP,H; -x), D™ (x) = D™ (Ak) exp(~i2nP H, 1) ® & 2 TH D),
D™ (r) &, EANER (K30) il T 0T,

0

D5, [Dgl) (Ak)exp (—i2rAk - r)}

n—1
= _17TK Z Xhz‘—hj

Z cllm [D““) (Ak) exp (—i27Ak - 1)) . (K.42)

—7, & (K22) 0F0E, & (K20) 28 L0 LA LFHRET, XDk51IcbET 5,

0

D5 [Dgl) (Ak)exp ( —i2rAk - r)]
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= D(l)(Ak) aa exp { —i27 [(5 cos ©;
+ KBO5Y)
+ KBWS)s;
+ file (0)7 (1))] }
— _ior (g cos O, + KB5S + Kﬁ<1>s§}0))
x DV (Ak) exp ( — i27Ak - 1). (K.43)

R (K2 v X (KZ3) oAU S5 LT 2z vickh, R (KI0) tAUKAESN 2, n i E-L
HE e T-T /123K (n € {3,4,5,6,8,12}) 0% ffitkik, X (K@), X (KZF) TERSI NS 77—V &
faecidiha b Z e MEEH S 7z,

EEPHARD, BE-LHEGe T-T BiRoSMMEclE s 25881, £—7 4 zo&EH [R] §11.3 T, 2
FHEERC OV THOIPRIERINTVEON, E—DDbDTH S,

K3 n KRB HFEROBERE

K3.1 niEmAAREN (T-T EHR) OBERE
Figs. K2 (a), K2 (b) 2L T, n=6 Dk =D n i T-T HEX (K230) 2 BENCHEL BO 7
TV XA L%HAT 5, BRITRT Fig. K12 OFtHEMEY I 2L — a VEGEE 358 OFHICHIZIC
—_— —_—
LCitid s 3. Fig. K2 (a) D~2 b RORD Z, s, KT TH 2, 27 b RORD oEx
|—1/(xoK)| LB L THO/NS Ve &, SERMERISNS 5 n i T-T 71 (K230) 3XOAXTERT
=5,

‘RS”R(I)
n—1
= —itK > Xn,n,
§=0
1 (m) [ p(0) (m) [ (1)
D'™(R™)Y + D™ (RM)
l,m 7
x Yol 5 : (K.44)
m=0

Lo (Ka3) 1%, 2n BoxEE DY(RW) (i€ {01, ,n—1}, 1 € {0,1}) &H> 2n #0171 K
HERTHD, LAPACK @ ZGeTRF ¥ ZGeTRS & ¥ ZHWT, #tEMTRIiEREZ KD 2 Z L HT
Z 5,

Fig. K3 1%, Fig. K2 (b)) 2 L5 R22 A THZ, ZOF—RTiE, 00 0mAEHHEE 40 4,
426,066,264,220 K4 X BoFERICHEN (Fig. KI2 M), Fig. K3 D n, AL n, JFADR3
FAIF 120° TH 3, Fig. K2 (b) DR L RmCREl; (i € {0,1,2,3,4,5}) 1%, 00 0 i/ EFHEE
404,426,066,264,220 x4 X BROBEENZ MIISTFEITTH %, 4 RICDEH Deven (i, 1, 1z, 11y
ie€{0,1,---,n—1},1€{0,1}, n, € {---,-2,-1,0,1,2,---}, n, € {---,—-2,-1,0,1,2,---}] %
HEL, A X BRORHIREIGL T, (4,],n.,n,) = (0,0,0,0) [AS X $ROMREIRHED 0] %7213
(i,l,nm,ny) =(0,1,0,0) [AS X #RORICIRED 1] D& ¥, Deyen(i,l,ng,ny) =1 %252, £hllSt

BV Deven (i, 1, ny,ny) = 0 %, FEWRE D X MMAF RSB 25EAKMHFL LTHZ 5, Mxt
ZLDBIAHLT, LOE»PSTOBALFREEZFTLTOLN, K21 1B TFO X HIRIE
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000 2
(0,0),
R

[220]-
D) direction

n, 202

22]-
direction L ]

direction

K.3  This figure shows a top view of Fig. K2 (b) (reproduction of Fig. 2 in Okitsu et al.
(2012)[@2]).

Doad(d,m,nz,ny) 1%, Fig. K2 (a) ZRT & 51 Doaali,l,ne —0,my —0), Dpaa(i,l,ny —0,n, — 2),
Doaa(i,l,ng —1,ny —3), Doga(i,l,ng —3,ny —3), Doaa(i,l,ng —3,ny —2), Doga(i,l,ngy —1,n, —0)
o (KA 2R 22 iC&oTRkdbN 2, Fig. K2 (b)) D& 5% IFRr~>nfff (K53 v F))
DINZFEEGHIHEL 2V DT, FRIEY T Iy FRZREDADICAF ¥ T2 XK 51AT56 Xn,—n,
DfElZ, XOP version2.3 [AR] ZHWTRD 7,

—77, “FHEAREATIGS 2 Mo 7R (K20) 2 < a0, X (KZA) YT 252051
Nk, KD X512k 5,

D!V (z+ Az) = D/D(z)
Az

—i2n ¢ +

(0) (1)
c0s O, (5/(0)51',0 + 5/(1)5@0 )}

L D) + D]V + Az)

1
, i \F i \F
x> C 5 : (K.45)

K (KZB) 1, FE X HAH, TNTOREN T Y Tr —2RETEH 22, R (KZA) Ok R
Y ED XD IHBEED EITDORVOT, HFHETHRERD 2 Z e TE 2,
K.3.2 niRI/NILb-F5UI (E-L) BROBIERE

® (KT2) 0174 A 1o (KI3) 218 A L, #21Z LAPACK ® ZGeEV #HWT k &H (k €
{1,2,---,2n}) OEIHE & BB ML D) ZRDBZEHNTE S,

ZHUCED, TRy REEMBT 2 ROBEANY Fre ¢ BHOW (¢ =25 +m + 1) OIRIFLLRK
HDHNDZDIFTH 20, KT, 2nflD T v v KEZ2 LD X5 LIS TER TR, HEREMZhHE
TE0EERT ZVEDD 5,

IR ML Dy, O q BHOHEE 9, (= 2)) % q 4T k FIHOBH L F 2 2n x 2n 1751 9 %AED,
RD & 57217 %E T2,

20 = (1,0,0,---,0,0)", (K.46a)
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Horizontally
polarized .
X-rays Arbltr?rlly
PR, polarized
X-rays

XPR

K.4 Schematic drawing of the ‘rotating four-quadrant phase retarder system’ (reproduc-
tion of Fig. 3 in Okitsu et al. (2006) [A1]).

2a® = (0,1,0,---,0,0)". (K.46b)

Lo (Ka68) ¢ (KZ68) 1, | (I € {0,1}) OREKED X iz A4St L7 & & o AR S EETo
BREMTH 2, hHOREML 2212k, FIny v al) o k BHOESR o) 25kpeh s,
X, kFEHO T v REOELE LR DT, | ORECRED A X fuchie X, FEaEm» S HE
52 j &H m @D X BoRE D™ (exit) [ = DY (exit)] 1, RORTRKD 5N,

(I,m) N (D) .
D; (e:mt)—D (exit)

_Za(l).@(k exp|—i2m&,Ts). (K.47)

2T, T, 3HERmODEZXTH 5,

X (KO3) o435 2 I, AS XD, BER n KEEPSOAMED XL 2RT T X —K—
BO ¥ M) pEFh DT, Dj(-l’m)(ea:it)r (n.-s;)/(n.-s0) B&BZrICkD, jEHDBEIHL
T, Fig. KIO @ & 5 7% 2 o B EfifisB{ o s, (n, -s;)/(n, -so) &, 0FHE jHEHD
Y — AMEHEOENEZET 2720 DFIEH, Fig. KIOTlE, j=0Td5%,

SYULT—RE T T 7 —AMNBRETBHEECOWTIRILREEK T 20, j BHOBN TS v 7
br— 2% 2, RO BE T OREORANSLETHZ 05 Y7 ol 2 exp (—i206,T2) = 0

DR 522521285,

FEH 5D 2019 F DX 49, b0] TWX, n i E-L HROMEE#R 7 -V LW T 22tk h ¥y
A= I RZ T IRFEERTVS, ZOFiEE, Kohn & Khikhlukha [51] 3 & &f Kohn [62] 12 & -
TERINHDTHY, HHIEFWFF 6T VLT — ROV TOFHEKS I 2L —>a vy E®EL
TW3, EHELRIZOFEE, BEPFETERTRVGEDIERFR S 5 s — [49], n HDW
TR E—FE LR WGEED 18 7 — R [b0] ITIEIRL, ¥ Y hR—1 v RZ T 70 X B6ERE D1
D™ (Ceivs Yewit)| BHKDIz0 2T, X ROMGREDMOMENY ML vy &, KDL SEERTS
DET 5,

Terit = Texit€zr + YexitCy + Tznz~ (K48)
F7z, Fig. I &b,

—
P{Lag = Akye, + Akye,. (K.49)
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K.5 Photograph of the ‘rotating four-quadrant phase retarder system’ (reproduction of
Fig. 3 (b) in Okitsu et al. (2012) [@7]).

B 7 — U TN & DR BN EHRIE D (2epit, Yewit) 7 oxp (—i2nLaoH, -r)el™ OWELHL,
HolRIE D™ (Ak) DIk —L Y MRERADETHE L2 ERT L, RO LS AHETE S,

ng) (Zewit, Yewit) EXP ( - iQﬂTaEﬁ_; ' rewit)
= /AZ.S. D](-m)(Ak) exp [ —i27 (W f’TL_a—o)) Yeit]
X exp ( — i27rIKH§ : rexit)dS' (K.50)
22T, D (Aky, Aky) RO &S5,
D™ (Akx,Ak )
- Z (l)ﬁ(m) Ak) exp( i2rg;)’ ) (K.51)

; "

where, P} P =¢&/'n,

X (ERD) OH > X—>a v L&, X (ERD) GO OoHICEEETWb0%, BRELLS
DTH 5, 1\ (KnD) 23 (KL0 )&JJU\L“C X (E2R) ¢ (K29) 2 & @3 % &,

ng) (xemity yexit)

/ Za(l).@(m) AK) exp ( —i27&'T%)

—
X exp ( —i27 P Lag - remt)dS
_ / DI (Ak,, Ak,)
Ak, JAK

x exp [ — 127 (AkpZepit + AkyYeri) | dAKydAE,. (K.52)

FoX (K2) 1%, BENR2RXT7-VZERTHS, Kb, EVRA—LIRITIFIT7D



K4 %EER 221

Arbitrarily
polarized

X-rays
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704 1!
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K.6 A schematic drawing of the goniometer on which the sample crystal was mount
(reproduction of Fig. 7 in Okitsu et al. (2006)) [Z1)]].

X HRIE D™ (T enit, Yewit) 2B R ERET — Y ZAHBUC2 T 201, R (KBD) TEHRS N
D™ (Aky, Aky) TH 2.

K4 2B

K4l X#EBHBEFIITL

47, 5, 61K, 8WIr—RADE Y R—ILbRTF 7 DFEEE, SPring-8, BLOIXU O —L4 7 A
YIZBWT, KERDEAYEYFE/ 70X —K—T, 18.245 keV ICHfa{b X7z X $&% FHWTST
bz, FEICAST 2 X #RiE TEERRPURBEMEF S X7 4 @1, 2] TRCKREZ 2> fa—L
Lze ZOREHIBS 27 2BAFEICIE, BRSO D o T BN RMIE T 2 T ZRR X FEHT > 2
7 4] [63], WNZE L BIGEOM S 2 MET S HRE X BHETFS 2741 TH2 b, bil, 2hbd
W, EENELR, FETL, FEL TRIEL L, FMEFERE, bExiir b7, BIEFREREZE .
X BIICHESE, A X BROLHEE D ICHii X825 Z 212 &k D IERORCIREE ERATHEC Lz D23,
Figs. K4, K IR T AT L TH %,

FEiEA X ST (b6, b7, bR, B9, 60, 61, 62, 63] 1%, ZHLENCHE S h 7z KEE X RHE T
(62, B3, 66, 67, B8] ¥ L L TR RBIREED X #2152 FBr L THBIN AR D TH 72, Fh
THREB, AF XBOAERB L EELD DI X D RECREICR— (IGE) 252, W REH
Hotz, FHY X HBHTZEBORBANORN 2522 X5 ICHEQTHWS Z 212X D IGEIHE
S, KO —RIECRENTONL, ERBHTREROFENELRIT 270, ST LX—HERTO
oy ba—LEIcER e 72 %,

Fig. KA1, ZOBHETI 27 208AK], Fig. K3 1%, EETH 5, [100] FHD4HDOE A ¥ E
> FfEfh PR, (n€{1,2,3,4}) THRINTED, EX3Zzhzh, 1.545, 2.198, 1.565, 2.633 mm
THb, M IVLTr—2, 111 RHFHDOEHETHOW R, WXa > ba— Oz OWTIE,
HFE S D 2006 F O (A1) 12 L TdH 2,

n € {3,12,18} ® n K7 —RADEFIIBWTIE, BHFI R T 2%2EbHT, 18.245 keV (n = 3),
22.0 keV (n € {12,18}) ICH AL X N/ HRIED X #t%, Z0 % FHiEICAS Lz,

K42 H2FINe L THAWER AR

Fig. K8 &, £% 5 ? 2006 D [&1] @ Fig. 722 58EHR L2bDTH %, n e {3,4,5,6,8,12,18}

Dn =R LT, [111] 7576, SMESESND FZ >V a vz lv, fsoREsiE, 12
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Simulation

Experiment

K.7 [E(a)] and [S(a)] are experimentally obtained and computer-simulated three-beam
X-ray pinhole topographs with an incidence of horizontal-linearly polarized X-rays whose
photon energy was 18.245 keV. [E(b)] and [S(b)] are 0 4 4 reflected X-ray images enlarged
from [E(a)] and [S(a)], respectively (reproduction of Fig. 5 in Okitsu et al. (2012)[d2]).

I, 18 4 — ATl 10.0 mm, ZOMDIr —ZXTIX 9.6 mm THo7zo X, ¢, w, 0 D 4B =F X —
Z—lZwvr hER, ZheDD )i Fig. KBIRLEEBEDTH S, 00 0 BIFEHTKE 3722
DS X #%E, PIN 74 bRAFA—=FTE=X—L, ZNODFEFHCRIBICKR S XHI1T, I=F X —
X — O ERH % AR Uz AS X RO RIS, &l X OB —KT 25— —L—24
Zty bL, KimD X BASEICHEZEE, X HORKNGHEFERICE TR L —% — %2 K455
559, BIOMEZI=ARX—X—THELL, Siz@Ela=F X —X—DMEMITOIHELTE
P, ZOFEMELT 15 x 15 mm BEDX A 4 — FZHEICKS X BREHZ 5 Z L IFRAEETH 5,

B — 24 X, 25 x 25um O A4 XITHED, FEREIIC, Ko MPHIRE & T2 5 X 5124
A=V 77— 2EZ, nlOFTTEHTE X O X #RXITE 2 FR IR L.

K5 RERCHBEHIIalL—-2a3>oiER

K51 3EI—2X

Figs. K [E(a)], K22 [S(a)] 1%, 00 0®IFEHTH, 044 & 404 RGO ZhZh, FEEREFHEIC
X2V K=V ERT I IRETH S (A2, Figs. K2 [E(b)], K2 [S(b)] 1, 04 4 k&%, £z
1, Figs. K2 [E(a)], K2 [S(a)] 25K TRRLEDDTH %, Fig. K7 [ (b)) WCRHITRL
#2271V > [Fine Fringe Region (FFR(1))] & (FFR(2)), Y F&®D,$% — > [Y-shaped’ Bright
Region (YBR)| #%, Fig. KA [E(D)] icdb 6N, ¥Iab—raryeERII—HLTWS
K52 47—

Figs. KB [E(z)], KR [S(z)] (z € {a,b,c}) ¥, FBIB XUFHETHE SN 00 0 ®HiFEHTE, 624,
628,066 KFEDMRTFIMETHS B2, (a), (b), (c) &, BHFIRAT2ICEDary -1
SN AS X BMORCREDSERZ > THBD, MArLRET, K¥E» L +45° HWERFE, —45°
WEBMREYE, A PFRAETH %,
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Experiment Simulation

K.8 [E(x)] and [S(x)] (z € {a,b,c}) are experimentally obtained and computer-
simulated four-beam X-ray pinhole topographs with an incidence of +45°-inclined-linearly,
—45°-inclined-linearly and right-screwed-circularly polarized X-rays whose photon energy was
18.245 keV (reproduction of Fig. 6 in Okitsu et al. (2012)[@2]).

Figs. K9 [E(z)], KA [S(2)] (x € {a,b,c}) &, £HLZh Figs. KB [E(x)], KB [S(x)] D 6 2 8 4t
BZEIR LTz DTH 5 [42], #llv7Y > [Fine Fringe Region (FFR(1))] &, Figs. K4 [E(a)],
K3 [S(a)] OWFRUTHBIE IS, fMlHVT7 VU~ [Fine Fringe Region (FFR(2))] &, Figs. K9
[E(z)], K3 [S(z)] (z € {a,b,c}) DVWFTHIZBREND, 747y ID XS LPFVER [Knife Edge
Line (KEL)] 133 XRTOKNZH 522, Figs. KA [E(a)], K9 [S(a)] IZBWVWTH oL bR, Figs.
K [E(b)], KO [S(b)] icBWVWTH - b, Figs. K4 [E(c)], K3 [S(c)] @BV TIE, ZOHHET
Hob, FADED XS Lk [Pattern like Fish Born (PFB)], 7—FIK®DZ £ > [Arched Line (AL)],
HH % WS [Bright Region (BR)| 1%, Figs. K9 [F(a)], K3 [S(a)] KBRS NT, ZOMOKIET
BRI D, Bid, SHEES I 2L —2a Y eHEBICE S PRZZ 71, AS X BRORICIREEDF
Lor ZIEFICEL—HL, MEREBCHKEL TREL AT L2 e DD2 5,

(a), (b), (c) WHET 2 AGF X &, MERE L BIRCOIRIEDHHED FERIZZED 57003, A
WHEWHD S, ZOMMEED, (a), (b), (¢) DRI I IRBICKEREREZ DL LTV,

Figs. K10 (a), K10 (b), K10 (c) 1¥, ¥ — A NRAA2RLRT, ZhENDONOE EITRL72&5
2, KED S DIEEAD, +45° ERMREE, —45° ERRYE, G4 PO AH X #z2fEL T, E-L
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: : : 7 R 9g FFRQ)
- [E@)] BT [S(@)]

y\{?olarirzation

Ao, BR
0) i

O«Pola‘riza i :

[S®)]

G [S()]

Experiment Simulation

K.9 [E(z)] and [S(z)] (x € {a,b,c}) are enlargements of 6 2 8 reflected X-ray images in
Fig. KR [E(z)] and [S(z)] (reproduction of Fig. 7 in Okitsu et al. (2012)) [22]].

BERIC X DEME LR ET R OMEHRETH 2, Awld, 2T 1H#MAEADD, AglX, [01 1] #ED
D, HER ABFEDPSDRVATHS, 16241, 16281, 10661 LFLALLEIIC, X HiEiEME
EOEY EROBRLNED, Zhbik, ThENOKREHERN T 7 v V5t E L2223,
A= VR (BHER) (9] ICE3HDTH2, ZRZROED LD AZFEL, 4 KEMHFERL
7o ZA T, Super Borrmann) £FEA L7z, RA— =K< YRR [0 RSN %, 16281 @
D EHADIX, Fig. KD (a) & HEL T Fig. KO (b) TII/NE L R>THD, Fig. KU (¢) &, W
BOHRHIK 5T o TW5, 18.245 keV D X #UCKT 2 6 2 8 RKFFD 7T v 7k, BE% 39.64°
THY, mEHT 2ERTEFIET 2L, 0.186 ED/NSKEL 2%, Fig. K10 (b) O —45°
ERRFEEX, 62 8 RENTH L TXRIE m e b, 162 8) 0D LA 2N WEHAFHAT =
%, %7z, Figs. K9 [S(a)], KA [S()] ICFEA L TKEL) ® X fRHEED, ASt X MRORICIREIC K
I 2HEELFAKTDH 5,

K53 5iE7r—2=X

HE 5D 2006 FOFK [A1] Fig. 1 W RLZ & 318, MTHOEHE, 5 HOWETFHRA0 . DDME
FRHFEET2HELD B,

Figs. KII [E(a)], KII [S(a)] &, EREFEKS I21—>a2itdd, 5EYA—LFRS
77 TH5 A2, A X ORI, BHT > 27 4 THIEEERERCICER L 72, Figs. K11
[E(b)], K0 [S(b)] i&, Figs. KIT [E(a)], K10 [S(a)] ®5 5 5 KEHKDA X — V% LR LIS DTH
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K.10 Transmittance of X-rays around the condition that 6 2 4, 6 2 8 and 0 6 6 Laue
reflected X-rays are simultaneously strong. Aw and A¢ are angular deviation around [2 1 1]

and [0 1 1] axes from the exact four-beam condition.

% (A2, F4 7Ty ID & DBV [Knife Edge Line (KEL(1) ¥ KEL(2))], B0 X 5% 8% —
v [Harp-Shaped Patten (HpSP)] AEBR LGRS I 2L —> a YOmGICA SN 2,

Figs. K11 [E(b)], KT [S(b)] # 2% &, KEL(1) ¥ KEL(2) ®J %, 555 K&HEE 00 0 A
FHEFED b RZ S 7 @EEIAA, BROE5 55 KEHEY 333 KEKED bRZ S 7§ &I
WFTTH D, TOZ L, M T5 55 KEHKE 00 0 /iAEHKOM, $XU555 KHKE
333 RKPMPE DM, TANXF—DRDEeDHZIEd00bE b, FAKRLZFVIE [Knife Edge
Line (KEL)| %, 3,4,6, 8 s —ZADEYh—n FEZI7IBVWTHRLNS,

K5.4 67—

HEE 5H, 2003 4 [40], 2006 4F [A1], 2011 4F [26] IC@HE L 6 Iy —RicBWTIE, FRIT 7
RIFIIIE 6 IETH o708, ZOMITRIRT 5 67— A&, PRZZ TRIEHIE 6 AE TR,

Fig. KI2 &, KFEREAGIC X 2ERHE, THEREL TToLiHEMS I 2L —2 3 YORRT
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Experiment Simulation

K.11 [E(a)] and [S(a)] are experimentally obtained and computer-simulated five-beam
X-ray pinhole topographs with an incidence of vertical-linearly polarized X-rays whose photon
energy was 18.245 keV. [E(b)] and [S(b)] are 5 5 5 reflected X-ray images enlarged from [E(a)]
and [S(a)] (reproduction of Fig. 8 in Okitsu et al. (2012)[22]).

Simulation KEL(1)

Experiment

K.12 [E(a)] and [S(a)] are experimentally obtained and computer-simulated six-beam
X-ray pinhole topographs with an incidence of horizontal-linearly polarized X-rays with a
photon energy of 18.245 keV. [E(b)] and [S(b)] are 0 6 6 and 2 6 4 reflected X-ray images
enlarged from [E(a)] and [S(a)] (reproduction of Fig. 9 in Okitsu et al. (2012)) [d2]].

H 5 (17, Figs. KI2 [E(a)], KI2[S(a)] D066 & 26 4 REHKZILK L7=D23, Figs. KI2 [E(b)],

KT2 [S(b)] TH b, 74 7Ty ID &S % [Knife Edge Line (KFEL(1)), (KEL(2))] XU =+

& D% — > [Hart-Shaped Pattern (HSP)] 25, FEREFIAKS I 21— a YOG ICE OGN 2,
FRZS ZRKIEHIE 6 D 6 I — 2 [A0, &1, 26] OEEIIE, MEEROZ A LF—Tu—2H 3
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CEERETEY Y IIROARZ—UBRA LN, Fig. KI2 D7 — A TiE, BRI Zr o7,
K55 8iRT—2X

Fig. &, 8IE YK=L FRT T TT, BxOREORGHERZ, Fig. KI3 [S,(T-T)] 1&RL
e BHTH 3 [A2, 49,

Fig. K13 [E,] (z € {h,v}) &, BRYX (x = h) EHHRL (x = v) O X % AL THE L7 EER
LB 8EEYAR—IN MR ZIT7THS A2, 09, MlREEIE, BEFI AT L2204 LEbITIERL,
FHERB BBRBAO K252 2BHEFR D26 TMHS 7 PEOFS L, M52 212kD
B#ohTnd,

Figs. K13 [S,(T-T)], K13 [S,(E-L)] 1&, MR (v = h) X #rE, #HREL (2 = v) X #RO AG 21K
ELTzr &0 T-T AR ZML 2 (T-T simulation), E-L HiRoMEEE7 —V R THEONT
(E-L&FFT simulation) HEMS I 21 —>a YICXk2 MR I IMETH %, FEBEITo 7208, %
TAtEHS I 2L —Ya yTIREL, HFEOBIRE XY — 2 2DBRIX, Fig. KO3 (a) D@D
THb, E-L&FFT ¥ 2 2L —¥ a2 Vi, Figs. K13 (b), K13 (¢) DELEZRE L TfTbh, e
N, ag ¥ By DEDEIMDERE, Fig. KI8 O (ay) & (B1) DD EH L ICFE LIz, Figs. KI8 (o),
K18 (41) 2R EE&bE0N, Fig. K14 [S,(E-L)] TH 3,

Fig. K3 (b) & Fig. KI3 (¢) Z KT 5 &, ASHIREOERRY Fid, BWIZERT %, Fig.
KTH (a) D & 5 R ROERTN L TD, E-L&FFT > 2L —> a YOFEERET T2, K
DWW TH B, EfERk n EEEPLDAFALAICEST, X BRAS S TAS X SRONHHAZ
HoTnwbZl, zhr, WHHIRAEOS L 2 2 F TOEMLIPEELRDOTH S, AFEIERAOMA
EIRIC, @l 7 — V) AW (FFT) I X W 85N 2 fIMKIFE LRV, FFT 217512572 > TOFFM
J, FEESD 2019 FOFX [A9] 2R L TDH 3,

Figs. K4 [S,(T-T)], K14 [E,|, KI4 [S,(E-L)] (z € {h,v}) &, Figs. KI3 [S,(T-T)], KI3
|E,], KI3 [S,(E-L)] 0 0 0 Hi/7 D K75 7 Z24ERL72bDTH 2,

FERZ X % Fig. K14 [E,] 121X, BE 0 X 5 728548k [Harp-Shaped Pattern (HpSP)], Y FE D&tk
[‘Y-Shaped’ Pattern (Y SP)], JND & 5 7248k [Nail-Shaped Pattern (NSP)] 23R 605, Zh oD
iRaE, Figs. K14 [S,(E-L)], KA [S),(T-T)] icd Roh 3,

Fig. KT4 [S,(T-T)] iR 6N % F 4 712 v 2D & 5% [Knife Edge Line (KEL)] 1%, Figs. K14
[En], [Sh(B-L)] 121&, Rehzwv, [Sy(T-T)] 25ET 212572 - T, M0 X SASHRRED 1 54
TR, AFESER TRWRIEZRO WS, TAXBEROBERGHEEZEZTV5, Ziud, JIRK
DHEIRD D ZFio e X OB AF L TO RN EREL TWE Z 2 EKT 5, KEL X, IFFICHIWV
WMTHD, ThEREEMTERT 512E, WEMIIBWTHOETHAD 5K E S XL DD Y%
BTH %, [Sh(T-T)] ZFHET2BUCIE, ThEMLTEAKMEES 2TV, [B)] OB%ZHB3EHT
&, AS X BROMELESDIZERTH %, [S,(E-L)] OFHHETIE, By —V o0 e Gk 7 A R
THBHY>TW3, ZOZed, [Ey] & [Sh(EL)] I, KELDPROOARVERTHZ L EZHNS,

it Tf§ i Fig. K14 [E,] &, #HREAS ZE L TE S5 hi Figs. K14 [S,(T-T)], K14
[Sy(E-L)] 1I2BWTH HpSP MRS 228, Bk, Figs. K14 [S),(T-T)], K1 [E,], K14 [S) (E-L)]
CHE L THEL RoT W5,

ZD 8T —ADGE, E-L&FFT I al—3 a VICHELEFRRBIZ 24 a7 0WAERET, BL%
87, T-T>Ial—2a e LT, 100 FEEE#EEZ -7, LrL, ZOZeh b, E-L&FFT
Ial—YarPT-TyIal—yaryeUTHEFIERTVWS I, BT LHF ARV,
E-L&FFT &3 2L —2 a YOtEKHE, fMEOBEIIKFEET, —ETH2, —F, T-T> 32
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K.13  [Sz(T-T)], [E:], and [Sz(E-L)] (z € {h,v}) are the T-T simulated, experimentally
obtained and E-L&FFT simulated eight-beam pinhole topographs for horizontally (z = h)
and vertically (z = v) polarized incident X-rays [reproduction of Fig. 5 in Okitsu et al.
(2019)]
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e d

Polarization
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T-T simulation Experiment E-L&FFT simulation
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S 2
Polarization

[SUT-D)]

K.14 Enlargements of the 0 0 0 forward-diffracted images in Fig. KT3 (reproduction of
Fig. 6 in Okitsu et al. (2019)) [d9]].
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K.15 Geometry of the eight-beam pinhole topography. X, y., and z. drawn on the
upper right corner are unit vectors in the directions [2 1 1], [0 1 1], and [1 1 1], respectively
[reproduction of Fig. 1 in Okitsu et al. (2019)] [29].

10 mm

Polarization

000 (an) B)

K.16 (1) and (1) are computed separately under the assumption of vertically polarized
incident X-rays. These figures have been computed by projecting intensities of the 0 0 0
forward-diffracted X-rays on the exit planes a; and 81 in Fig. KI3 (a) on the imaging plate
whose surface was normal to the [1 0 0] direction. X-ray intensities of a2 and (B2 in Figs.
K3 (b) and KT3 (c) have been erased (reproduction of Fig. 8 in Okitsu et al. (2019)[29]).

D 3FIHHNT 2, FBOEZH1/10 D 1.0 mm BEICRIUL, T-T ¥ 2 —>a i, E-L&FFT
YIal—yarih 10 H5#HL K5,

K56 1287 —2X

FEEIZ, UTRBOFEBIIBOTOE DOMBE LICFEEL S 2T RO, mAT 12722881
TWie L L, &> T 16 O FRPHE LICFEL S 2 2 2 RVWE L, 220
T, SEMHS I 21— a v 2(To720%, ERZIToTWRVWDT, AFETIEEEARL RV,

Figs. K17 [E(a)], KI2 [S(a)] 1&, FEBREFEMKS I 21 —2avit&kd, 27 —RADE k-
VNENRTZ T THD A2, 22.0 keV ICHEL I NI EEKFERNED E F, FBICAF LTS,
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Experiment Simulation

K.17 [E(a)] and [S(a)] are experimentally obtained and computer-simulated twelve-beam
X-ray pinhole topographs with an incidence of horizontal-linearly polarized X-rays whose
photon energy was 22.0 keV. [E(b)] and [S(b)] are 2 4 2 reflected X-ray images enlarged from
[E(a)] and [S(a)] (reproduction of Fig. 12 in Okitsu et al. (2012)[42]).

KEHERUE, RITRLZe B D TH S, Figs. K12 [E(b)], K12 [S(b)] 1&, Figs. K11 [E(a)], K12
[S(a)] @242 KFHEDERZILK LTz DTH 5,

A I 21 —> 3 itk Fig. K12 [S(b)] A oM 5, B2 Wi [Very Bright Region
(VBR)], V FIE Ok ['V-Shaped’ Pattern (V. SP)], H0MC B 2 % PR DAL [Central Circle (CC)],
U FIE DRk [ U-Shaped’ Pattern (USP)] 7 £ OfERRIE, FEBIT K 5 MKRZF 7 Fig. K12 [E(b)] &
BWTHEDHHN5,

K57 18ET—2Z

Figs. K18 (a), KIB (b) &, £heh, BEDEER L E-LYFFT > 2L —>a YIZKDiFohrk,
18T —ADE Y R—NV b RZF7TH5 B0], Fig. KI8 (a) i&, 22.0 keV DHFZAXNLF—T 6K
T—2R%Ho7bDTH ok, VIS 512 12 o X BEHEIF oM, IheBafllze I3,
Fig. KR (b) I8z R L7 k512, = UL FEROD Z a2 12 [HDFRFRAFEL T2 e’
brotze WG T RO N EHFEMIERI L7200, Fig. KIATH3, ZOR»HLH, S X512, Hy,
Hy, Ho, Hs, Hy, Hs &, H; (j € {6, 7,--- ,17}) 225 Lag(7 v =) ¥ TOEHE, ML TRV,
D7D, HFTHLF— @ab@‘iw;c&ﬂ:f/ a2l —a YEBRIERESZERT %, 21.98415 keV D
HFTINF—RRE LI &, FEERERE X HBELL,

X (KI8) @ n il E-L B, §K32 ISR LAFIHTHERDZ e TE 3, HERDLNS
DIF, FmzEELE 7 EOEITRIETH 2203, 8K — X L FIkR, MO ASHIREO X i n
THOWIRIEZR VS, REMTOTFLVXEBOREY > I 2L — b3 2121%, 1EM#ER n lEE» S
DRAVAIKFEETS, XAFRTHOMELIZ 5 > TN ERBEND %,

Fig. KIA 2285 2 L5270, 18 — R I2BWTIE, Fig. K2 (b) D X5 7% n AdED TR
RUEI Iy N RERTERY, ZOMIC 18T —ADFHERITIICH 2o T, n ik T-T B,
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K.18 (a) Experimentally obtained and (b) E-L&FFT simulated 18-beam pinhole to-
pographs. (b) was obtained by the E-L&FFT simulation under an assumption of an inci-
dence of X-rays with a photon energy E = 21.98415 keV (AE = E — Eo = —0.25 eV, where
Eo = 21.98440 keV) (reproduction of Fig. 3 in Okitsu et al. (2019)[50]).

BN LV 2 Z 5 TRV, K (K0) 3 FHEEAS O — 21z 20T, hEEshER
WEEHZ X (KZ3) 2@ 2 eickh, FTHRARNOEOBEZRD 2 N TES, IhztmR
TV IEWTEILT, EVR—IVIRIIIEHETZI P TES, WHIE T-T&FFT > 2
L—a UHARETH %, ZHUTOWVWTIE, BERIEHEHTTH %,

K6 #bHbiZ

Fig. i, YVav 220 KFHCOVWTHELZZ YV v F~y I THD, BTN T LT —
(eV), #Eh () 1%, [1 1 0] #hE DK% Bl X B 72 AET, Koo x Koo 23 [0 0 1] TN FATICR
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Hyp Hy, H;

K.19 Six reciprocal lattice nodes are on a red (smaller) circle in reciprocal space. Outside
of this circle, a black (larger) circle was observed on which twelve reciprocal lattice nodes
were present. @ is the center of the red (smaller) circle (reproduction of Fig. 4 in Okitsu et
al. (2019) [60)).

& p=0TH%, Koo & Kogo &, 2020, BElEHEE 220 KEFFEOPEERT L TH B, 4
WO T XTIV v FT, Tabid, 220 SO R, oL EREEICFEIRHICHEES 2
22T, 2B SE Z eIk D RET B,

T/ 7BRX—R=%, kT, BT, BHT Vo2 XBEREERTERG T2 1ChizoT, 7
Yy FORMFNIEFHICEETH 5, FIZIZTVar 220 REZHVCTHERSI 2175, 22004t
DT T v ZEMEFRFICH- T ALE T, 2B TL WV, HERTICTY v F (FA
B) BHERET S, Fig. ZRAE, 7V FOEER, K LF—RED dET L — 5
TEWI RO D, KFIAALF—ZEFELT, [220] @AY ICT L bERE 360° X €5 &,
HZERNCY T D XS RIEDNMAENTE 2, ZDVRDOHIZHFET 2T RIZ, TXTIZV v FOJH
W2, 770y FEEZ, ZOVEOKRBICHAIT 2720, BETFI I LF—D 3 RILHHIT S Z
ElZizd,

XHRERTOZV) v F2y TRBRBLT, TALX—RF ¥ VHIICZ ) v FHFEELRVE D,
Y DEETFHHFHEL TEL L, 2P KELWENZ kL, TRLXF—REIEIT5 2 TE 5,
10 keV BELTFO A LF - T, OB TbOATVWS, L2 L, IR LF—mlTIE, T*
LEF—D 3 RIHHIL TEEEL 2270 v FEilET 2 2 e dR#cD, 20 keV BEL ETIE, 2
RZ PBRAC=EE AERARIZIR > TLE D, # 3 MROBEDEDOZRRY FUE, ST pLF—
ficfprTsh, BIECOEREMA L2V, 2 OB FEEROAHED T, MR ERTOHK
HAMTERLBoTLE S, 2HELDHICHNATOS XS54, BT X —fERTO X HistEE
TG, X (KOR) o2 BE-L #imc v Uik, KX (E33) o2 T-T AR ZHVEFHEE, ¢
DM Z fz T =F X=X =12k 3, BELERHIEIRAIRICKRETHA S,

2 PRI, ZIWEFPEETERLSLZ D5 =207 — 1%, HAOHEMENAAE L, WiET
ROBEEZDHDPRKELRIGETDH S, 1990 FREH 6, HIEREERITICBWT, 2 Xl
BOFMA—RLL, BERE, ZOEELIEATVYS, B FOERYREROSETHEE, &
Y7 BEORGERTE, BEME» BT EO X MREHT ARy b3, #mZiFkL2HaTd, MR
kI G, CORNEEHOYZDICT 2L, 2 BEELAHATHRVEIEE XIS V. K7 T
BRFTICBWTXZ, 202k, v=yh—#R [ r LTL{HshTWS [15],

RNV ERERDGE, WSS TRICFHAEX N2 R KT 10% % REl2 Z 2 3fMThH 5,
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K.20 Glitch map (simultaneous reflection map) for silicon 2 2 0 reflection. ) (the
ordinate) is rotation angle (°) aroud [1 1 0] axis. The abscissa is X-ray photon energy (eV).
1 is zero when Kooo X Koz is parallel to [0 0 1] direction. Kooo and K29 are wave vectors
of 0 0 0 transmitted and 2 2 0 reflected X-rays.

RHAF2 10% £ TR -ThH, ZOERRNOLERT S, WES N FHED» ORI S X R
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%5,

FRRHDOEBETIED 27, XU ARZERREIIHT LT RERFARELRVOIE, 2 BLEloihss iz
K72, LEFHIIEZTVDS, ARFICAETTW2ZLDEEFET 5, A (KI8) 20 LK (K533) 2H
W X MREFREEZFHET 2221k, FAREL OBVEVHRESBRINZDTERVWES
She FrFiuR, 2 HEEcD D, ZIEERC X D RESEERNT 21T 5 DS, k2 M,

IEEHIR D 1995 FDFEE [32) 5 5 EHUEIC, RO XS KL DH 5,
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EHI1Z, 2002 FISHE U IER R B L Tz, ik, 2 — 2ADOMZRCE 2L FeH4uk
Dotz, 1997 4, FEHZX, ZOEMEIIOWT, MICHAREIERDH S, SV Lr—RT5v /s —
ZWRIE LT &, BHABONRL B> TLESI 2D [ L DEZFE -7, UEELZ, T
Fv =R TV —ANRETEHED 3Wr —ADFHEKS I 2L -y a VREEREZE TV,
ZoZrEHEFTEE, MK (27 2w REERE,

B HROEN I DD o 75 6 2 PHELIOEBI EERALL L THER 2, WS 2k, ZO0 W
NTWB ZEHBHL2ITRUL, ZDTERNDTIIRNES S D,

1949 4, V7 Rand 2], 3 — RO X BREHTRE 7 1 7 7 4 ACHE SR F O A EERD
BENTVSLZ 2Lz, n K E-L BEROBEMR Z W) THE Lz, 1974 FEDa L J DL 23]
T, ZhE5IHL, WEOHMNE X VR EREROMEIER 2 LTW3, LK 46 FE0586E L 7243,
CHUTEFL TV,

R VR EREROMATE X, 2 LR LT, ERTEREY, 7IBOUVELOTHB X
FEAZVDFOA AU L VITEIELTT O BEDEGE [13) ZHWT, BzNdTETW5, £
NTHLB, A AVORESTHEFAT 2AMEREEDPERINDIZY, 14 T4 TREVARIHEIZE
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BEE D DR G X BAFRRHCEWVIRIT, 3|y —RA2EHT 301X, 1ZERARETH 2, LoL,
Fig. KTA 1Z/r L7z & 514, F—FRE Lz 18 H oMk Fmas— L MERERHE, 2 Widz L b
EREBMADEFHICIFAES 2k, X (KIR) @ n i B-L Hi it ¥ h, Zhoflfis 7 — ) 2Z&8y
5Zrizkb, Fig. EIR (b) AfFonT03, R (KI) AV LIER (KIR) 27—V ZEH{T 52k
kb, X (EE3) R (E3R) cididxn g, nil T-T FEKXDEHIATVWSE, Zhbld, =L
FERRIEEFICH 2R TFREZ TN TERLT, BUERZRD S ZENTE D,

BifE, 100 EREE O FERICEWIRI T, X (KOR) 02 E-L #am, B L0X (K233), R (K35)
DY T-T HEROBMEREZRD T, X MRHRELREHET 27007 2 2lEITH S, BVEE
B e RTINS,
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