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= | Z|*(cos? 0 + sin? 0) (1.20)
= |Z)?. (1.21)

LT |Z| BRDESIET L b TES,
Z| =V ZZ". (1.22)

12 #BFRHBOIGH

47 —0nA (28), (C20) [p.o] e EREBOWEZMS 222k b, MBS 2 EH PN
XEMHICEL 2N TE S,
1.2.1 IEEEDERA

WHEBA L EFEB B O TRE, RO k>RSI NI 3,

A- B = |A||B|expli(a + 5] (1.23a)
= |A[|B|[cos(ex + B) + isin(a + B)] (1.23b)
= |A||B| exp(ia) exp(if3) (1.23c¢)
= |A||B|(cos a +isin a)(cos f + isin f3) ( )
= |A||B|[ (cos acos 8 — sinasin 8) + i (sinacos 8 + cos asin B) |. ( )

X (CZ30) &R (238) DEBE L BEEZ ezt d s Z itk h RoX»EL N5,

cos (a + ) = cos acos B — sin asin 3, (1.24)
sin (o + ) = sina cos § + cos asin . (1.25)

X1, A/BREET 5,

A/B = (|A]/|B|) expli(e — 5)] (1.26a)
= (JAl/|B]) [cos(ar — B) +isin(a — B)] (1.26b)
= |A||B| exp(ia) exp(—if3) (1.26¢)
= (JA|/|B]) (cos a +isin a)(cos f — isin 3) ( )
= (|A]/|B|) [ (cos avcos B + sinasin B) + i (sin cwcos B — cos avsin ) |. ( )

I (C260) &R (C268) OEER L BEERZ Zh2h ik s 2 Z LI X D RoXBBELN S,
cos (v — B) = cos accos 3 + sin asin 3, (1.27)
sin (a — ) = sina cos B — cos asin . (1.28)

X (CA), (C23), (C232), (T2) &, =ABKOIMEEIIIEN 2 580, MEEHE, §7323 [p.&I) i<
g2 K5, FEETHOLTEOHEEZRMAL CEET22dTE S,
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122 2 EADORADIERA
N (C2Z38) D B % ARCEZZ 2 L ROAPELN D
A% = |A]? exp (i20)
= |AJ? (cos 2ar + isin 2a)
= |AJ? (cos o + isin a)®

= |A)? [(coszoz — sin? a) +i2sinacosa] .

; (C298) &2t (T29d) OFEGH L B 2 e i L TROREH 2.,
cos 20 = cos® a — sin® «
=92cos?a —1

=1-2sin’a.

sin 2 = 2 sin « cos av.

1.29a
1.29b
1.29¢
1.29d

~ o~~~
N~ —

(1.30a)
(1.30b)
(1.30c)

(1.31)

I (30), (E30) &, A D 2 EAD0RNRITIENR 57370, 2 EAoRRIE, §C33 [p.&I) itk L

7=& 912, BEEfFHOMEEHWTENT2ZdTE 3,
1.2.3 ERRAZBORDELN

ZBEDZ LD, ERREEBOREHET 2010835, LarL, i, Theiirf +5-
(==£90°), #HobHME 1 OERBTH2 I 2ERT S, TNHEMHEICELN TSN TE %,

expli(0 + %)] = cos(f + %) +isin(d + %)

=exp(i 0) exp(i%)
= (cosf +isin )i

— —sin 6 +icosf.
X (328) ¥ (I32) 0, FEHHS X OB X b
aw@ﬁ*%;)ZAfﬁn&
sin(0 + %) = cos .
FEICL T
expli(d — %)] = cos(f — %) +isin(g — %)

=exp(i h) exp(—i%)

= (cosf +isinf)(—i)

=sinf —icosb.
X (T33) ¢ (C3d) 0, EHHB X CREHO K X D
cos(f — %) = sin 6,

sin(6 — %) = —cos¥.

(1.32a)

(1.32D)

(1.32¢)
(1.32d)

(1.33a)

(1.33b)

(1.34a)

(1.34D)

(1.34c)
(1.34d)

(1.35a)

(1.35b)
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124 R - ET77ILOFEEDIHA

en? = (eie)n = (cos 0 +isinf)" (1.36a)
e = i) = cosnf + isinnd. (1.36b)

17~ 18 MALD 7 F ¥ ZADEEHE ¥ « €7 7L (1667/5/26-1754/11/27) DRKDEBIIRXDOA TR X
N2EHMDIATH %,

(cosf +isin#)" = cosnf + isinné. (1.37)

(C368)=(C360) 225, YREDOTHZH, F -7 7ML, A4 7—DRRNOFKR, Hv 2 FmH (8
FECFH) OHHEI D DFIOANTHD, RLTHOHEIBLRDONTIIR LR, A4 F7—DRA A
Y ZFEHEH > TWEDRORLICE 5T, YREEFITH S,
125 FA4Z5—DRXEFEHLLBEWVE « E77ILOTEEDIEAE

R E7 7NVDOEMPERINTDIEIA A 7 —DREAPKERINZHOZ L THD, K- E7 TNV,
AA T —DRREMORVT, ZOEMERALTWS, 272, 16 iRV Ick->T, AT
MEND, 2FT 2L 2 = -1 KRZEHEMIBRIN TV, MR, 74 73— XEHEDTIC,
K27 7VOEEEAHT 2,

T3 2 EAOAREHVTROREZIT 3,

(cos B + isin6)?
= cos® ) — sin? f + 2isin 6 cos 6 (1.384a)
= cos 20 + isin 26. (1.38b)

R (£353) 2 53 (C3RE) NOEFIE, 334 >0 2 f5A0AR (C3mE) ¥, ¥4 >0 2 f5ADNR
(=30) ZHWTW3,
XHIZ, n>21H LT, (cosf+isinb)[cos(n —1)0 +isin(n — 1)0] FHHET 2 RD L5124 5,

(cosf +isin )"
= [cos @ + isin B)][cos(n — 1)8 + isin(n — 1)6] (1.39a)
= [cos @ cos(n — 1)0 — sinB@sin(n — 1)8] + i[sin 6 cos(n — 1)8 + cos §sin(n — 1)6]. (1.39b)
= cosnb + isinnd (1.39¢)

(C3TR) 25 ([C39d) OEHIE, R (C2A), (C2ZE) OIEEEE AW TV, X - THEEMRRER
X, F-E277VOEMMPIEHI N,

R E77VOEHE, EOXSI1Ci% =1 LR ZBHEN | OTFEL, —ARBONNEEE T2
H, BHT 2 A TE S, AVRFH (BREFH) ZHoTwbdbhbhul o T, F-E77
VOEBIZ, YROZ D ESITBZ 5, HEK (cosh+isind)" iZn% 1 FOHEPTIICKD, &
7 ZEEANT THNAM) O k% 0 FOMBEL T Z2ick b,

ReET7 NS4 T7—3, FEERICHE L YD TWERYED, Hv 2 (BRECEHE) v,
CDIEFEITY TV RERTEIL, DWICRDB ORI o7z, MRFEEOEAXIZE, HLihHid DI
Lo T 2RI Y TAT, WRIZHZDENCR S0 0o TS EE 5TV,
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126 RIXEIEDIIA
HWEBCE2C=B-ArEHFT2L,|C?IIXIE3 pB] £X (C20) [pH 2ZWLTRD XS
STETE 3,

|IC|? = CcC* (1.40)
= (B— A)(B* — 4%) (1.41)
— BB* + AA* — AB* — A*B. (1.42)

AB* ¥ A*BiE, RO X5 ZEETE 3,

AB" = |A|Blexpli (a — B)] (1.43)
— ]| [eos (o — 8) + isin (o — )], (1.44)
A*B = |A||B|exp [—i (o — B)] (1.45)
= |A||B][cos (a — ) — isin (a — )] (1.46)
X () r K (28) ofMEFHET 2 &

AB* + A*B = 2|A||B| cos (o« — ). (1.47)

R () 230 (C22) 1ITRKA L TRORZE 5,
|C|? = |A]* + |B]* — 2|A| - |B| cos (a — B) . (1.48)

3 [pB] 22l 2L, =AK OAB 3= EX, |A|,|B|,|C| TOA ¥ OB 03I, o — f
ThHb, LizhoTH (IZR) ERKEHITIEDR SR,
1.27 RI MLOEERIEORDEH

2 RICR 2 bV O [EERHREIGEE §C30 [p.8] DR &k 5 1ICEH XN 20, HHEK e EREBCFHE O
HHEEZFMALTEL 2 HTE S,

KX (C=3) [pd] T|B|=1TargB=0 B ERXROAMIELN 5,

Aexp(if) = |A| exp[i(a + )] (1.49a)
- <A(”) n 1A<i>)  (cos 0 + isin 0) (1.49b)
= <A(”) cos — AW sin 9) +1i (A(T) sinf + A® cos 9) . (1.49¢)

A &z off, AD %y OEZLEZ, exp(if) <X 20THD, EROERMEERECTH LT O
YRS E 5 2L 2 E@L, FIRREROERBOII L EilE o/, v 22 LTGS2 &, [l
TEDITHNIRD & SRR T E 2 Z e 23b» 5 (IFNCOWTIFE 0 & [p.r1] ZH]),

x’ cosf) —sinf x
< Y > - < sinf  cosf ) < Y > (1.50)
roRix, @,y =A@z, y)T vdEREZ, 22T

A— ( cos —sinb > (151)

sinf  cosf

%7,

1 AT cosf  sinf
AT =A _(—sin0 COSH)' (1.52)
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A3 A offTH, AT 13 A DERBEFYITH 3, T2bb,

(o) =(an o) () o

E1RDE 512, AA~L =ATAE (E i3BAHAT5]) TH .,

—1__ ([ cosf —sinf cosf sinf \ (1 0
AAT = < sinf cos@ > < —sin® cos® )\ 0 1 ) (1.54a)

1. cosf  sinf cosf —sinf \ (1 0
ATA= ( —sinf cosf > < sinf cos@ N0 1 /)" (1.54b)

VB XOBUAE, RV Y ISR T 2720 DFMTH 5, INEEM, RLEMH, F -
7 INAOERZ N, 2 KT THEHT 2 DIEKRERED, 4 7 —ORNR e @RECFH (v R
) RIAT 222k D, 132 ICHEHICAEHRTRETH % L IK L %,

1.3 BRrEE

131 FA47—02XEBEELVLOD
3711 8 EThHELVLDOD

A4 T —=DRAREKF 1V EORICDMEITETHTE Lz, SHOFTETD ZAKMOIMEERD
FAEICIRICIID WIS DIEb o= DTTH, 4 7—DNNX (2) [pB] AFEL WV E IR 2 HEX
EZWRHZDTL &I BZOLLBFEEERDICEER (FeEZABNS) 2 A ETE (147 —8)e
CHERLL, ZARED 1 DORICEEFoTVEIREDBELVDY, EEASDTED, ¥5TL & 952%
30,2 % (RFHIEDA?)

My tws My 2R L0, §CI [pO) KRR Lz X 5124 2V 7 OFAER RV T, NH
PEBBCFHZHHE LT, chzfnhhes X5k ETid, 8 HiLoA 17—, 19 Hidon
T ZADHBLE T 200 ~ 300 £, 72T UInD F®ATLR,

YIRRECY 1 OBIEE L, FERBENC 2 Z e ZHIEL TV A ADZ VDT, HERDERICOWTD,
HoTWB ZEDEELWEES DT,

HWREBPHRIFS LODIE, ERCTHD IOMURNEE, Wy, MooElBseTZzogEfzs v
¥ ZATT,

ZLT21 HidofFalx, YDRIOHGERE LTZNOZ[MES 2N TE5DTT,

A7 ANH (RBECEE) &, SFHEERMAED XS ICHEMICHETEZ 20 T3, FH L Tey b
éﬂh@%ﬁm%<if%xﬁ7 THYH, N7 MLTEBRNDOTT, ERE BB OMTRITHE
HHEE RA TR IMRRDDD 3,

INEEESR 2 EAORK, F - E7 7V0EH, RIKEMZ L, FERE AL »HI S0 L FE
HBKETTH, A4 7—0nR%EM5 , MBICEIHTE2 2% &KL) $RATLED ? BAlR
ZriZ, A4 713 AT A VE (ERECEH) 2D $RATLR,

HRBUE, BEERMEE 2 2L HBICERT 2 720 DEETT,

P Y WS DR ERIRT 2T, RE 2 WH dDEETICX, sin, cos THREZLESI b
M FEAD, BEBEMZ L, 2OHYBEIBNE b2 ET,

BB ER R BT &, WMNEZITET, TheididT 2012, exp(—pr) &V RREHVF



10 B1E A4 7—0RINEH Y RV (ERBCFE) ORE L IS H

T p lTRRRIREL, 2 ZEOEEAMOEMTT, Lo UEBRRREZMH S & RIRBUIEIT RO E
Bl cRENZ e b b ET,

ZLC, BIFR0ERE e BEIRICIE, 793 —2-70=y LOBFBRE WS B REBGRAEGT L
7, ZhOHERZ, 1926 ~ 1927 ETLR, ZARDVTIE, RRILVOTHETHET 2D DX
HYHEVA, 1998 FEDMERFIC, ThET2MALEEFTN Wb ET, 7—V &%
fiioCTZDORRDFEHIZOWTER L 72D TFH, MEHEDOMEEDL XY RIOFENT LD RKTIC
O FEL%,

A ADPERROAHBRIEY = F8HD £3, 12056 100 £ TOEHOMDY, 5050(= 101 x 50)
YIREEICEI R L2 DT, FAEMECEH o C0AUXY S DEITTL XD ?

HbRAIIZ, T4V a2 RxA YOPERROTEYY — RICEFEHOEMEAALE, 2000350 F
T INHEICHEZDOT, D 1I3EIOEROLE LT, ALV ERVET, HRZI T MA
BYE LB ERSMBEDLT, BXDD, 345 0u—F2E2 L EA=MIENTE 3 I L 2RERN
WHI- TWE LTz, (32+42=5%), BAXVWO DORHER2T2 ETHEETLE, LrLKEREA=
A% EREICIE 2 FBAE, IE0 BT VD T,

BRIV TIAD, A4 57— DI Rb, 7422 aRA4 b ZOMICWAERVDTRS 223 TE%
BAD, BLBZLETERZTLEY. RKYEEDLNZALBTTN, ZEODARDTT,

TAYY 2R DIQ L, FEMDHZDOTTH, —FUIZ 100 < SWTE R o720, EWwbhTw
3, 1Q=1001%, 2L DONATL x, D&, HOLFEIHHTL

BRAIZ, 7742 D IQ MEDRERIZ 123 Tl / —NIVEEZE L-DIX, 1965 £ TT,
ZOIQX, BRAFEEVTTH X UH) WIEIMATEZRA L, REMEEZI 2L &3 TR
W rBEiShIE, STV 2RI 2EEBOEEERHLES, MBERR) TELbR
TETLe AV v INICREEY, ZWOOWAIBKT L, FTHLL XL TDRF 4 TR
¥ BT, —HHFRYRIMWNTWOHFRT, 2EHORIALHIBLTVET, 72, &
PIDBX A LXK, B TRMBIEL DRV 2RO ETHIBLIEN L TVWE T, SEHORIAY
BIATTD, ZHE7 7 A V<V HEIAI LICEAHNT L, TZHHTLED, 7740~
VEAL B—ERATATLEEW, BIRTHS DXV BnE T,

B 1AO#FEFKRT, POCRIZFEEYTFTAFIIRCOVTHAL LD, HEMEFICHBRETELLES
DTITH, EI5TLEID. A —iF, VTAFVEORHT2EHD ) —~VEEZELE L
2, TKF ) OWEM» M7 A F7ICLTE, HEDRHHEME L BVWERATLEY2? DEELY
TEAFSEMDAATLE > LBHOMENILEEZ) WS EFOZ 2 TT X,

BeEbRlPED, RATZ R oA MED EFT&ERzb DT, i, 2hi [72/2TY
EZTELZFEREE L TRLVOTT, MHE) EEVERITTA, Zo#BREELT, A TA
L) BRAl0WEBoTwET,

132 BORFREBRRICOWVWT
321 8f £D&LSICFEVRITRIOH

Bt ORIE TIEER PP WD XS ISR D D £ 3208, CARSIHOIIT S L W0WnT
Lion?

322 @%

§CT [p] ICRER L7z Z & TFAH, HERICK, FEH e BEHOETRRT 22D L, MHxtEe
RATRTLHADLDD 7,

ZREFA L TINEEESRLEER 2 EAOAR, F -7 7V0EED, BAMBICHEHTE
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L7
B E [poE) 1T, XRORFEEH 3 OHTEE A, 3oL bLEEMRTT,
IEfED 1 DTIERY, WS ZeZELLANUEZNTEVD T,
1.3.3 [EETFICOVT
[33.1 B BIEEET 351%R0 / OBFEICOWVWT
PEAEZS IS B HIZD (z,y)T & (2,y)T @ 1) O0BEE, ¥55THX0DTT D,
1332 E%
HamroE58, ¥HELTHHORVDTT, (2,9)T, (2,y)T OHED Ty 1%, WENZ ML E
RLET, (2,y) R (2,y) 3FTRZ v ATER, (2,9)T R (o, )T 13FIRZ v LT, TS

z’ cosf) —sin@ x

< Y > - ( sinf  cosf > < Yy > (1.55)
T cosf) sinf !

< Yy > - < —sinf cos6 ) < y > (1.56)

Lixh %9, X (B3) X (C50) OITFNIEREATHNNZ D F TN D 5, ZOMEEF -7
ESATAZESZATI E WD E T,

FICERLLFIZE T 22033, HLITERLEAIC 1 2200 20038:@E T, idiloiiin
T, R (CB0) DE5ICR3HEE, £4HH %3, X (CH0) [pE) 25K (CHB) [p.O] Oitidz B
LTATLIEZN,

133.3 B X (T29) [p.B] DEERIZIEIZDULT

R EDTHNE, R (T29) [p.8] ® AT cosh — ADsinf % 2/, A sing + AD cosh y & LT

AL TVE VS TRVWDTL & 9 2%
1334 @&
ZO@EDTY, Z2LTCae=A", y=A4A0 0 X5 IZEZTVET,

ToHX
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The next page is the beginning of Chapter B.
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E2E

RO 571 —0DF]

2.1 FATS T —HROZE

AR TT 4 —=F, NUHTV—FRAFXFVRAANTERLFEE, MHPAEDT =R - HR—NMIZE-T
1947 4, BTEMBEONZEMELZ BN LTERINL (1], YROBEFHEMEEIE, BEFL 28N
YRAUPENIR W Z DS, BBEICBVWTRERGRZZ T TV, (21 HILICA-> T HEFML
YADFEEN I OMEIZEHE I TWD), —BRICEMBEE, Ly XoOFE ZREWFYE
WIRBREBS SN 5, Lo LETEMEOEE, BHOEKE QL 213 CIRMEINGE O MBI BHE IR
D, RIGEHICIER DI T\, HABEMBEOBREIGE & AIGERMIEICIE, BITRPRR 2T 5
ZDML Y ZBIOML Y X2 BAEDETHWLORS, BEFL Y AL Y A LATERNI Y
T, BTFEMBEORAIGEMEZFEE LTET, REECRAVDH 070 TH 5, ZOREMRIITHD
HATW= AR =L, B FEMEEGIEE ORIE » AAHOM /5 258 C 2, ThEFAEL TN
LYRIZEDINEZMIETZ2 &R, x5 7 14— (holography) ZER L7 [, ¥V > ¥iET
FRTD) ZEKT % Tholos) 2FERTH D, KOBMEZRTIRIEL MG D (DFD ITXRTD) 1E
WEFSRL S 2IHIRETH 2 Z o 2O EZ Sz,

SH, xu2Z77 4=, MEREEREEEMEEZONE Z 220D, REWZHOZEE S, 1
RO R EEX 20 SR SR IEICH VSR LT3,

BEOTFHERAOEHEMTHD, HFICENTBEEET 22220, L—F—2EHEIA BT
2% TCRSHOBEARD o7, 1960 FRICL —F =D E R L TH S, LY AREDNEREDEYL
BIVMRDISIIRGZFSRT & 2 HT e L THYL S h, HR—IIE 1971 &£ — U YHEENE X 5
Nz,

HR=NADUPER LA T T 7 4 —iF, MEESRCOMIR LICE S, YRICk > TEilank
BEeBBHEDOTHARX—VEHTLRL LI TE2HDTH o7z, DXL TDFT T 74—, SHT
F A4 vknro 70— ROLIE THAR=—VAEER0rI77 44— XN THW3,

22 KOS LOIER

HOIRNE & MO T ZFER LIZFZMRe 7 4 VA kRB 7T LW, KOTBMEGRT 2 08
Mo, R T 4 LV AIEEWRBENERE NS, KED (a) 1. L—F—2HWEArrr I L0k
Bt RERLTWS,

HIEPSDL —F —HEML Y X EZEML Y X THRBE — 2 XEBLbY, MIKERL L

L nsing TRINS, BTEMBEOHE, EIfEn=17T, 0 ZWE» oML > I AET 210 [AEHE]/2 TH %,
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IN—TIT—
(%)

L RE-I%
(ML X)

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

X 2.1 (a) A2 7 LEERONERY (b) A0 2T LFERONER, [RY) QUM TFBERD
ALERE N Do BUR LRI, B (Dre + Dob)(Dre + Dop)™ D7 4 VR =I5, THZBM
HTHS T e YMRDL RS HAES NS

WZECESTHICDT 270D — LR T v & — (FFEH) PRETHS, LrLINbDNER
FIBXICEVHEERER LAV, KED (a) T, E—AR7Y v Z—CRE SR EZECES T
)6 (BIE) OIRIEZ D,., WRCHELS N D L REIRS 38 (MEE) OiRIEZ Doy, it LT
5, FeMUT THA) TREL TRY) THRIEWET 2, TIXNARXZDENFTHEERZICHW
LD, AREEORICLIEIDEL RS (2 THoTh, X714 FigIicHws N TR
V) DWRTH2 L, BOEHET o LHEOE0ME AL TERR (FbbEE) K E
{72595,
FARICELR E NS THBRIEXROATEZ 6N,

|Dye 4+ Doy|> = (Dre + Dop) (D2, + D2,) (2.1a)
= DyoD’, + Doy DYy + D, Doy + Dy Dy (2.1b)
= |Dye|® + |Dob|* + D Dop + Dye Dl (2.1c)

FRZEBHB LD YR 2I D £, e (b) @ k5 skoez a3 2 ¢, X (20m) 1352k
DN T 2 BERTH 200, TRDEITITE, KD XS RIKEGHEL 2 il 5,

U-Dre|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 AL, SRR EE—EDBEE |D,o|® ¥ [Doy|? THAHLTWR EEZ BN 50T, R (Z26)
DF 1L, BBE [|Dye? + [Dop|?] @ ND 7 4 L2 -2 23FEi L - HOIE DR S0, 5 2T
&, BEE |D,.|* O ND 7 4 L& —%BB LKL 5. WA, WESRVICE 22D ST
B b TEOBICED B 22D ESICRZSHTH 5, 2 (20) 5 3 HIZ 1 KR XiFh,
WIRNT I R FAET 5 HIICIZEE L 2 5720, ZhETD R D0 TRIZENS, 1 RIEEHE

*2 FRTOEREDONITK T 5 3EELDFE U 7 4 L& — (Neutral Density Filter)
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FROTHREIZ T 2 HAES 2 8, MEROBDIARINCHR 2 28Tk %,

2T SN T B 2R D R Z R AT, BE 1/ AN EL—F —0EE) OF#M~Z7 PLK %
&b, B D, KN Doy, 2 FHIEE DI RT 5, FZRENICER T 2HART Ple, L e,
Zrh, KAMICe, &%, L=V —OZREE X UMIRLORKEX K + Ak OFEIFELIHFET
5ZENTELRITTHS, SHICZAK Z ey, €, €, HADKRTIZHRT 5, T72DB Ak = Akge,
+ Akye, + Ak,e, LEL, ZOK, |K+ Ak| = [K| TRIFUIR SRV, FLER EOMERS T
IV Tpiate & Tplate (= x€4 + yey) E722 XIITERT 5,

A (20) Doy 1&, Ak ODBIETH 313 F5DT, Dyp(Ak) (= Dop(Aky, Aky, Ak,)) DX STKTZ
YICT B, FRENTND, TR EDNE rpiate (= Tplate€s + Yplate€y) ) PBABE 72213 T DT,
Die(rpiate) ( = Dre(Tpiate, Ypiate) )s Dob(Tpiate) ( = Dob(Tpiates Ypiate) ) P & DIWIRT I LITT %,
Dye(Tptate) & Dov(Tpiate) 13, Dre & Doy OFFERNEELEDEESDTH M S, KD & 510H
J 5%,

Dye(rprate) = / / Dre(Ak) exp [i27 (Ak - rpiate )] dAk,dAE, (2.3a)

Aky J Ak
= / / Dye(Ak) exp [i27 (Akgxpiate + AkyYpiate)] dAkz dAE,. (2.3b)

Ak, J Ak,

—4,

Dob (rplate) = / / Dob(Ak) exp [1271' (Ak . rplate)] dAkwdAk}y (24&)

Ak, J Ak,
= / / Doy (Ak) exp [i127 (Akgzxpiate + AkyYpiate)] dAkzdAE,. (2.4b)

Ak, J Ak,

X (BZ3) T Dye = Dye(tpiate), Dob = Dop(Tprate) L T 8T X D EEMRITFLER X 41 2 12558 % 3
T&E5DT,

‘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 ETOIRIEEAE R PV E Dye(Tpiate), #ZREZBLTHE DMNEXRY MLz
Dye(rape) &L, BURLZZEHUCAGHT 2 HIROSROCOIRIEZ, RiIC X 2 REIHZ BHIEE 312F <
ERDESITH B,

Dye(rqpe)exp [i2m (vt — K -1q54)]
= |Dye + Dob\2 Dye(rpiate) exp [i2m (vt — K - rot)] (2.6a)
= [|Dre(rplate)|2 + ‘Dob(rzolate”2 Dye(rpiate) exp [i2m (vt — K - rqyt)]

+ Dre(rplate)D:e(rplate)Dob(rplate) €Xp [1277 (Vt -K- raft)]
+ Dre(Tpiate) Dy (Tpiate) exp [i27 (vt — K - v pe)] - (2.6b)
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+oR (EE0) 2 fTHOHIYKRDEDIEENTWED, ThEILIEHBTIERDESI1TK 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(Cpiase) | exp [i27 (vt — K -1471)]

<[ DAk el (B ) Ak, (2.70)
Ak, J Ak,
= |Dre(r’plate)|2 exp [i2m (vt — K - rq4y1)]

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

X (Z78) [p.0m] 2253 (27@) [p.IE] B & O (E7Zd) DL, Doy (prate 238 (23) [p0E] ZRAL
TiThNh/z,

X (7)1, FEMDETH S Dyp(Ak) 27—V ZEWT B 2I10&D, FEBDBK Dy(r) L
THR PRI NIZZ e ZERL TV, 20k, KD [pd OREDRe ST 7 4 =% [7—
VIR 757 4 — ) L XN TWS, HHFECL—F D XS REWAI T (ae—1v >
Vo) RERT BN, L—F—EHMXEEDDOL Y XL, REAOL Y XTORELETIZ, U
RO ARG EFSRTE 2 LW, TR EMTH 2, X (22) [pd@]) 2SI 2723 T, ZoHMioD
AERIFEFEMTETLES L REEZELRVES S 2, ZOHMOERICE, HOTHLWIY
MG Y, R (E3) METERRLZ XS T7— ) 288 v, HEZEE WSRO 5 RE
RIBBEPEBEATVEDTH 5,

23 WHRLEFROJSLICEBILBGEOBE

WURBWLIE 7 4 VaZAWEEBEOGEDEE, WRAEINTD, 74 VAPBHELED TS L
ZOEHDBERDOATLE S, LLABrY T L0HE, URIENZDEHELED L2BATD,
Ko TeBfnh oI MMMGEE2HAETE S, ZHZ, RV LIET 4 Va1 7 — ) 2ERGEHGEERS A TH
2256 THY, FAFEOK LI [pBYI) IBWT, 77—V oA WIEROEEZ Y BWTS TZh
YOG BEETEZDL, FEMUTHS, 7L, KED (b), (), (d) [pBI] LRI, GO
BENFOND ZLITk 5,



2.4 ERMx [ 17
Bl —i%iz
04 BRLEE ?
D = Dycos[2r(vt — K -1)]. (2.8)

241 1REEZHICOWVWT
0a1.1 B 1 REGHADGEBEL DD

X (219) [p.[E] 4 4 TH (1 KILEK) I ¢
WODIE, EDXIBRERLZDTL x 557
D12 [

FTZOEORICELTIE, Re%® D, 12, Ob
% Do WEEMZ F Lz, Zh2h, LY
HADIRIE (ERHE) ERLTVET,

FUBMEZEBGBOZHEE» LZTE Lz, &
DRICIE, 7V 7 —REENTE ZH A,

Web 72 82372 AL EDRTH > TWVWBDT
T, M1 REBOE) 1oV TIEZ L DRFHICK D
BHINTBY, RIS LTI S5ahE
W2 MREERZRYIE) BN THDELE, ¥
CNDBD XS BDTT, E5BRLTVVD
DEL DL EEA, DIV ULINATAHAET,

RxuZo 74 =%, Rhkr#RLFIET,
ELEBHERFETHNIEE, /  —RLVEDRZE
MRICIZE SR ->72TL x5, EEZE, R
(ZZB) [p.@] O 1 [|Dye|? + |Dop|?] Dye @
[[Dre|?® + |Dop|?] BEHKDOBKTH Y, 772D
ND 74 VX —DETHZZLHTMD T,
BN ED» S DHFL Y X TEXDBMD
TETVWREVWDTRY YY) LERERS T2
JOXTH D, GREHRIC—FRRBRRE S
ZAETo Dpe IBRHADIRIBZD D DD T,
[[Drel? + [Dop|?] Dye &, ND 7 4 L& —% 3%
WLEBRAEZOBDICHEDET, ZLTH -
b RERDOHR (B2H) |Drel? Doy DIETT,
ID,e|? 1, BEBLEBRAEPERERY Y &
BOTMERDT, 722D ND 7 4 VX —T7,
|Dye|” Doy & ND 7 4 V& — %3558 L7016
ZDHDITKDET,

CZETHABRLTRDLDOVWEDTTD, K (—
A IR TERGE ) OIRIEE R OICHEBEE AV
CeEINFTIKFEFLTVWERATL, &S
BOLEEREEDSREIL CTW3 DT, HOH)

DL ENET, Dy FRHEErIZEIT S
MBRZ FILOFEETONROIRE, v IZIRIE,
tXRER, K GBEBARZ bv, ridfiiBN2 b
T, 72721, ZABBuIIMEEESMEON
R, BRHORARXBD2b00, Zh s X HiEHE
BOWBEH O BINDEEIR DT, KE%G%

D = Dyexp[i2r(vt — K -r)]. (2.9)

DESICEARL, BHERNLIIEREER D O
EREFE L EZD, LWOBRONEND D F
To Do ik, FEEE2ICBIF 2 MENY FILDJH
MTORDRIETT,

Y (FERGR) 12 MRt 2 WS B H H X R
DIRHEDFDEFID U L DR DT, A
DK DWW TR Z L T, Dy ZAH 7 —
TH20DE 5D OB—MRITT,

R (E3) O & 5 BNDOERBERTRITIIHE & 72 X
Uy "BHZDTTD, 021X, EIEET
2 ORI n EEGE () 2 BEGE () %
B, WHEBhOKHG D %

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

@;5mﬁﬁéﬁf?oﬁﬁm;%ﬁ%ﬁm%
%?é@ﬁ#%%f?oﬁﬁamaﬂb‘%ﬁﬁ
5L

_ 12 ) .
’D’ = |Dy|” cos [27Tn(T)K . r} exp (47m(z)K . r) .
(2.11)

Lo (1) O exp( ) DEEWRINE S 2, HHE
DRI EE p 2 T2 p=4mDK ¥ 3,
2D & 1ITnT 3 2 WX D IH % JE T3 D BRI
FELTIRZ 2 ZEDBROBHREIIEKDOX Y v b
O DOTY,
rZ13 B AOJ S L%EHS—EWRD LIFTL
L

AR TZT LISHEARED D THETEZTY
BOVED DB NT T, KEHD ELn, Kl
HED EFTWET 2 ELVWTT



18

FB2FE Knro 74 —DFH

U4 [@%

BIENCER L7 DERFE TR ED T, S
—EHBELZVwWEEVE T,
rZ15 B 7—VIERBEDIFHIO M8 kid

7=V IR Bo Lo o TWE LA,
Wb B IFFET2DTL 57
a1.6 B

[7— ) o Z8#R ) o L CiEma 2 D,
AEHIEO §E0 [p.3] 1CENR LA R — Ak
nro74—(AY74vk0r7574—)TT,
HR=IIEB T T 7 4 —DHFEETTH, ZO
XA TDFR0T T 7 4 —FESHTIHIEEACHL
LRTVWRVWE BWE T,

7272, BEOLOMIATHATZ 2 Y v S~ Uik
nry774—%, VLAYR—=—FKknrI74-t
WolzdDH5K5TI,

HR=NAPEru 77 4 —%2HFELZEHWIE,
BT HEMEOIEMET L, ErRdinr >
7 4 —1% 30 FIF AN, HIZEAERTOAMTE X
A XD, BB O ORI IR R
R CETROWEZE 2 21ICDET2 g 7Y
AL ZHOWTERLE L, 71NTJ 7-KR—
LEIHRR, MARETOBNZEICHWSH, / —
~OVEE IR EbnE L, AR XADNE
RICEDEHLEEATL,

NA TV XL THEZTETZL 2 DD — A
PHWITHLES 22k b Ed, EFei
MECIZ, EFFT AT TRE LD OLNH
INFELD, BMHEIWDIZEBTFORDZL LD
ONT, THRIENS LW EBITbIEL
7oo BT ORI & REE % FIRICBIH U7 B
REBRTL 7,

BEERYTHERRS T 7 4 —=DFEBE LTV
X95TT,

BOTFWHDY, 3 RITEEOER, FEZ WS TH
) AL EECRZIRICEED, L—F—
Zffio/e 7 — ) ZZWI R0 57 4 =D DF

e BBl TW3 2%, M oRicBnHe
5 &1L, tRVET,
a7 R MEDEVDICELHE LS ICR
AB3DH

AT 7 4 =1ZOWT x4 TR o0
TIIHFTZX/DTTD, ZRLENH LI
BoTLEWE L, HiiC TRY ) ofrii
L7205, MIREIRD EoTREL Y X LHDK
ERDAZTRICH TS L, dLdLPEDEL
THoTNBIIYIEDRD S EHICTRZS, W0
HFETHREEWZWTL £ 5 2%
0Z.8 [

LOHEBETHEEVND D FE A

R (EZB) |Dye|? Doy @ |Dyo|? &, BENHE
WES L TWRRETT, ZIE—EDBERD
ND 7 4 VX — B ET, Dy IWENZD
DT, |Dyel> DND 7 4 AR —ELIZ, YiHkAS
ZZRZHEZDPDEIT IR >TRZZD
T3,
a9 B 742 — WS SEOERKIK
FIRIZOWTDFET BB [|Dye|2+| Do ?
DT 4 NR—ZFEELZROUGEE RV ¢ F
PIUTHDETH, ZZDT74 LR - VWS ST
PNERDHTETEDESRBDRDONIT- X
DebhblRoTVWET, TDT7 41—k
Wo 7 WEZhBEREDD, E5hIHELAL
CBBEWLET,
DZ71.10 E%

74K =W HEEZHAETIEoTL
FVWEAZEEA, 74 NVE—I13EDEEDHE
THRIANE—, T4 NVE—, BT 4 VR=IR
ERHDET, TR T EERT S
BErbbEd, (741K —) % IND 7 4L
% — (Neutral Density Filter)) IZHF XD F L
7o ND 7 4 0 Z =205 DIFTNTOREDN
BYJEICER (W) $57 4 VZ—TF,
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E3E

71 7—RBRACYI7O0-V2ERASLY
A4S —DRIDEERA

31 FAZ—EBRevI7O-) VEROESE

TA M, X3y 7Y POREE - RXEE, Yx—uX - 713V — (1638/11-1675/10)
WKEoTERIN, NRICEAFVROBEHEE T VY 7 « 74 5 — (1685/8/18-1731/12/29) I2 & » T
BAZNLHDT, ROAXTELKIN S,

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

BEEL f(x) W LT M (2) 1%, flz) Z nBMD LEBEKTHY, f(o) IZERREIMD ATEETR T
250,

2o =0Dr —RIOVWTE, Ray 7Y FOBEEIY Y - <71 —1) » (1698/2-1746/6/14) i
XoTHtah, v 7u—V YERE JZNTwa,

COETEYIr—Y VEBEGTRL, ZOIEL X ZFHERC K > TRIF, 447 —-0RAREEHT
%, 47 —DRRITIE, W ODDIAFEDD 5, (8% O [p.ad] TIX, Mk 2FBHZARL
TW3,

3.2 %70V ERADER

R(ED) Tao=0 L@ L, XD~vra—1) YEHORMELNS,

Fx) %, KD ESIRENS LT 5,

o0
f(z) = Z ant" = ag + a1z + asx® + azx® 4+ agxt + - - . (3.3)
n=0

fl)yo 1, 2H, 3EHNIUTFO LS cidEhs,
f'(z) = a1 + 2a07 + 3azz® + dagz® + - - - | (3.4a)
(@) = (2-1ag + (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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a (b) “Test_Maclaurin_0010.dat’ using 1:4 L ( ) \\ 'TCSLMGCW"LO‘JZOW‘ using 1:4 —— |
0 \ }
L ks
=10 N=20
By . . g . AN . .
20 -15 -10 -5 0 5 10 15 20-20 -15 -10 -5 0 5 10 15 20
T T T T T ’TesLN‘\atla\Ir\n,DOSIO-dat' usmg‘l:‘t IF "Test_Maclaurin_0100.dat’ using 1:4 ——
0 FAJ— 15k
N_SO/MA/\ 0
1L L L L L f L L f L
-20 -15 -10 5 0 5 10 15 20-20 -15 -10 5 0 5 10 15 20
N

)~

f.(2) = cos < m

|
=
5}

31 K (@) TERS N (a) REEE fo(z) &K (B2) T oo DD ()N
()N =20, (d)N =50, (e)N =100 TitHZ24TbYlo7e~vrn—1 V&R

D

n=0

10,

ZZETiRT 58, ROXIBRHAIDEK D ZODTIERVWILE WIS LTK %,

lim ™ (z) = nla,. (3.5)

x—0
MG T %) FUTIREEEST, XOICHEICEENRNEREZHEZIZKEFFD KMETESZDT
HAHI0, HDEHXUTET K0T 5] FITHELT, XOLSCEVWTLES,
fM(0)

n!

(3.6)

ap =
Loz @6) 22X (53) [pro] WRAT 2 LR @) [p] AEHTETLES,

3.3 MEFHEICEZY IO EFEDKSL

X (B2) [p.M] BEALT 272012, f(z) 23, EREM D TERITINLXRS LWV, Acos(az)
Bsin(bz) 1%, HREMOATETH %, A, B, a, bk TIRERTH B L LTWEH, EHEHAD
IR B AIRET D 5,

RITKEL 3 DDHEIT, R fo(z), Ei fi(r) BEURZNALDMTHRIN LK f.(v) D~Zu—1
VIERERD, ZORMEDELSEHRAT 2, fu(x), filz), f.(z) ZRDIIITERT 5,

> >
y = =

o= o (202). o
ﬁxm)=:shl<2ﬂ;;w>, (3.7b)
ﬁ(x):cms<2w;;x>-+sn1<2w§§x>-+2. (3.7¢)

331 REERICHITZITorO—") Y REOBEEIC K BIREE
A (@) D &S ICERSNRREK f.(2) 25K (B2) p¥ OFREEFIELY > A—varE

SN, (n€{10,20,50,100}) TITH Y 7= BHE f.(x) L —HCT By b LTHELZO, KETD
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' 'Tcst_N‘lac\aurm_OOdS.dal' using '1:3 p—
‘(@ '
of fi(
ak )
20 15 10 5 0 5 10 15 20
2|: (b) ' ' " Test Mdlaurin_0010.dat using 1:4 — | | (C) 1 Test_Madaurin_0020.dat using 1:4 —— |
\
o N=10 1ol N=20 \
/ \
1 \ . A . 1 \
20 -15 -10 -5 0 5 10 15 20 -20 -15 -10 5 0 5 10 15 20
I (d) . " Test_Maclaurin_0050.dat using 1:4 —— | N (e) g s h " Test Maclaurin_0100.dat using 1:4 —— |
| ZQ/\V/\JF\/\\/\ “%%/KM/\J/\/A\/\
1t ) . . . { . . 41t A
20 -15 -10 5 0 5 10 15 20 20 -15 -10 -5 0 5 10 15 20
- N 7590, . e « e e 4
fo(z)= E o B (6.2) fo(x) =sin | 2n T)"

n=0

3.2 X (B7H) © &5 ICERS N ELB fo(z) LR B2) T oo dfKb DI (b)N = 10,
()N =20, ()N =50, ()N =100 THEETBY o7 r u—1 >Rk

TH5, MEd (b), (c), bbb N =10,20 BETIE, f.(z)»5»%DIALTWVWEY, N Offiz
N =150,100 E KELF2L 5 FAMS%Z 7y b LEKED (a) LK ED (d), (e) 1XIFE A LKA
PIRVETICEL —HT 5,
3.3.2 IEXE#ICdI3voO0—1)  EROKETEIC L ST

X ETD) DL ICERBINLEZLEK fi(z) 25K B2) OBRKEHE LY X—va v
SN, (n € {10,20,50,100}) TH B Yo 7288 % fo(x) L —#cF vy P LTHELZO, K
B2 THs, N=10,20 FRETIZ, foz) 2o2RDIALTWEM, N Offiz N =50,100 ¥ K& <
T3L 5 AN E oy FLEREBD (a) ERIB2 (), () 1HFL ALKHIBNARVETICE S —H
T3,
333 RUEKCEXEHROMICKTSTorO0—") v EBEOIRE

R (B) O &5 ICERINERBEB L EREBOMN f.(z) 25X (B2) OFREKEFE LY > X —
ya?%iﬂb(neﬂ0%50w@)fﬂ%@otﬁﬁ%ﬁﬂﬂZ*%Kﬁny%bf&@bt@

S, KIB3 [p.2] TH 3, N =10,20,50 FRETIE, f.(z) 252D XL TW3EH, N Offiz N = 100
zﬁ%<?az5ﬂﬁ 72 7my b LERB3E (a) LRIB3E () [pl2] 13 A LKA AR VET
Tk —BT %o

B, [KB3, KB3[p.o2 IRLAERE, v 2a—U VEBOIE L X 2N BEIcR LS
DTREAZRVA, ZORBERZEBINC TELWERE S 121, HoRb0rEs5, ROHITIE, <2
— ) VEEHE S TAHA 7 —DRNRDFEHETLART %,

34 ROV VERICEZ T A5 —DRHNDEEEA

£ B p.22) X, fi(x) = cos(z), fo(x) = sin(x), f3(z) = @ LEX, ZhLh%E n bl (n < 5)
W Lms F ™ (@), £M @), (@) 2k, o1 £700), £M0), £M0) 2B LEb0
Hb, TNZNOBEBIIMN % 4 DRSS LI L DBBICRS Zehbh b, LELIIT,
dlexp (cz)] /dz = ¢ exp (cx) D3 ¢ R TH o THMILT % LIREL T35,

B [p.22] 225 f3(z) = fi(z) +ife(z) THEZ I DD %, A4 F7—DRK (I2) [p.B] ZLLNICH
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| @
T fe()
d 'leesl,h"\aclaurmjl]iudal' using 14 — izl " " Test_Madlaurin_0020.dat using 1:4 —— ]
1 (©
I N=20
' ‘Test_Madaurm_oo%b.dat‘ using 1:4 —— | . ' " Test_Maclaurin_0100.dat' using 1:4 —— |
| ()
: ;:NZIOO
'/.‘”’m),r”. (6.2) fel) =008 (27%.1') + sin <2::%),1'> + 2.
3.3 X (B@) @ X5 ITEFRSI N (a) RILBE L EXBIBUC X D SRS AHIBEE f(z) & X
(B2) T oo Db HIZ (b)N =10, (¢)N =20, (d)N =50, (e)N =100 TtHEZF B>/~
7ua—1) v ERH
#£31 fi(z) = cos(z), fo(z) = sin(z), fa(z) = Lz E2D n B#S F (), 7 (),
V(@) BET H(0), £700), £(0)
1 2 3 4 5
—sinx —CcoszT sinx CcosS T —sinx
CcosS ¥ —sinz —CcoszT sinx CcoS T
iexp(iz) —exp(iz) —iexp(iz) exp(ix) iexp(iz)
0 -1 0 1 0
1 0 -1 0 1
i -1 —i 1 i
83 %,

e = cosx +isinz,

e ¥ =cosz —isinz.

FoRX EBR) 2BDZ 22k, ERENRICL CWREERAL, MO REOARD, B
FEHTHFIEZR WAL, cos, sin DAZH > TWTIRIEEICHEHBILTE S, EEEEM - T
HHEIITO N TEBLIIIRIZDTH S,
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3.5 BRrEE

3.5.1 RBI [p.22] DFEEI ZICDOWVT
B51.1 B R BT [p.02] ICRI XHhH D
AD

#£B1 —F R £ (0) cizz <, £M(0)
Yo TWVWEDIEIRATL &5, REFHDaX
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RKBED I, CEVEEBRIRAZLTLEVEL
Joo HBE M EAWTHENZENWTRL X
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5WE L7,

RIIEL7enN—Y a Y OHE B FEIZEAR LD T,
ZHHDh2ZRLTRI W,

352 TAT—EBREY7—1)IH/KBUCOVT
Bn21 Bf 71 7—EBRiE7—) IRBo—&
ANy
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flz) ZEEBILTRLAEDBDEWVWS ZETL &S
e TR HMERLTA T —ERIETNS
LoD TEN, 74 7—EHIZT -1 g
D—FDEIRDBDIEDTL &5 7— VI
B 7=V B OEND XL T2 TWRVD
7 — ) ffE e 33 () [pea oAEEEL,
7=V LN f(z) ZELTHAELTV W
HZETL &I,

En22 EE
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{ZOD#DHTT,
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DOFIEZGRZHEFACH B Y 7285812, FTHY]
Do ERE N ZRKEFTIET S1EYE, TOHM
BISEDSWTWLBRFERLTOVWE T, EFay
Ya—&—%fioTHMBRDOME L WS DITKD
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[p.BR] OBEEIE, T4 7 —EBiP~Iu—1) VE
B TEXHA.

TROEMABEKD, 7—V RBERTE 3
TXIE30FIIEEHNC TS0 2T A% o TP D
el eBDHoTDTTH, cos, sin RZNH %
ELEOEREBEO~ -1 Y ERMA, X B
[p.Em), ME2 [pem), MB3 [p.e2] KRl
W2, EAIEZRT 2 X512 CnolEBusE-o
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o BEED DHAIUIHZ TV Z 0T,
B52.6 @

HAHWEZAFEEBWET, 7272, ZanE
LWL E IOV TIE, FACiE &< a2 F
Ao
B52.7 B 7—
WERELZON

~ru—Y VEME 77—V ZTEABUIEBRTH
2rBoLeoTWVWELED, 7—VIEHI<
rna—1 Y EROYEERNRMED T & WO R
HETEEIT D
En2.8 B

7 — V) TEBOMHEIL, W7 — ) TEHTT,
R l, 7V IEMD IO T 77—
IZH L EoTLEIGEAIDDET,
Bl 21,

DIERIZTI/O-) VERD

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

R (BmE) 37—V =&k, X (B9E) 135¥ 7 —
VIZEBORZDTTH, exp() ODFMOFHH
DFFFDHRIZFTH D, WML b 7—Y T4
DAL E-TLEIEEDDHLDTT,
~rna—) VAN T — ) TEHOMEE, ©
WO DX, MEWTT,
B52.9 B N IdH > X—>3>0iT54]0 LR
ANV

TA 7R, v~ 7un—1 YEMIZIOWVWT,
P> RX—>arE N =10,20,50 2 ¥ TitE%
fIetlof~ruv -V YEREDD E LD,
O NI, v7u—)YEMOKXD n OEN
0~ 10,20,50 ETOFMTH % LWV IHI R TLWL
DTL & 9D
E52.10 @%

¥ B0 [p.0], X B2 [p.ed], X B3 [p.e2] ic>
WL, LORMTHEWDD A,

F(h)exp (—i2whzx)dh. (3.9b)
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E4E

1 2R7T,2 2R7T,3 RITDENEF, FEAEaE &
7—1) TR

R [poE T, 3 RTOMKFEERL, T o0 FORFEGEZTRL TS, LiL, 1 KT,
2 KICDWHE T T/ AR Z TR T 21CH /2> THEET, REMICIZ 3 XZoco AHEK LR %
3RILDWHE T 2> TITS, 7 LTINS 7 — ) BB TE 2 2 e 2idid 3 %, HBEHE
IRD 7 — V) TRBUIIEFE IS > IR TRl x5,

41 7=V IRBEREREOELHNER

7=V IBEER LY a7 - 7=V X (1768/3/21-1830/5/16) &, 7 7 > AOE¥E - W
¥HET, 77 ARk ORELE, B, B, WHRe D EL LA LT BB T, HHEY,
HENZEZ Lk, BURTERENCHBED s TBD, HR—HOATE R 2L TH S, FRLA VI
BNV REN il S LT A € — VIREIH I EmEf, FRERELZD LT3,

7 — ) LIEBREOMIEEITOHFT NEL AL H OO 2850 =AM TRE S L TRL,
NS HTHYWHETHCZRREELZEZ TV, ZDO550WL D00 NFIZHEST 2 Z LiT X
b, 7—VITORGRE TEE LENLHEIEI LWV OBKREROBETH %,

7=V IZRRAVOLTTREIDBEE—REDEREED, IXFRUCTER LA TH o/ E 5T
W, LAY ZONEMERS B o> T, HEOHLEZRL-2E5TH 5B, 1965F, 7—V -t
Pa—F—iCkbRERAINeIND TEHR7 -V 2 OFEET LY X4iE, SHIEFITIAL
Ausiitwnwd, 2720, ZhE 19 MHEOT Y R X D EBREINLEFEOERRE o7 nwS e
ZDHIASITEINT WS,

7=V ZHBIIENER L7 — V) TRBOBELRFEICIERI L TE ST, ZIUIREDBFAHEIC
FRohdZihol, Z0OIZ L EBUCHHTINCEEH I N TV 2 DA, AR CIEIEIERHIC L 2%
AEERAT-DOT, ZHCOWTEIRT 5,

42 1XRTOFEHAREE L 7 — 1) THR#

421 —RTDEEF

JEA o ORISR RS 212H/2D, —RILOHEFRA AT —a* Z a* =1/a DX I IWTERT 5,
@ DF 4 XYYV ay (B & [m ] Thz, EANEEE )3, ERMETIER , AETE, [m ]
DT 4 AT ay (BfL) 2RoA N7 —ThHd I ZmrRT,
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4.2.2 [RHR o DREARBA BT NERM
ERIED —0c0o <z <00 D f(x) DA o DMK TH 2 & =, XROAXDWD LT UTR S
AQRN

f(x —nga) = f(x). (4.1)

T3 [m] OBMNEZROEL, n, IMEEOBETH 2, f(r) DEEIFEHRTHZ LT S,
423 [AHA a/h DR
JA a/h (h FEEE) OREBIE fe, (2) EPARD K SRl SN %,

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

where h € {1,2,3,...,00}.

COBBO AR T % &
fen (x —nga)
= F,, cos 2mha™ (x — nya)] (4.3a)
= F,, cos (2mha*z — 2mha*nga) (4.3b)
= F,, cos (2mha*z — 2mwhny) (4.3c)
= F,, cos (2mha*z) (4.3d)
= fer (@), (4.3e)

where h € {1,2,3,-- ,00}.

FoRX (E3) 75, f, ()&, X (D) [p.o0) OFRGZEHMTT I TH15, KTz cos(—¢) =coso (¢
BEEOHEE) TH B2, fo, (@)1, fo,(—z) = fe, (z) DIBEEAKTD %,
4.2.4 [AHA a/h DIESLREAEK

A a/h (h (3HE) O ELBIRL f), (2) BT D & S ICRd S5,

h
fs, () = F, sin <27Tx> , (4.4a)
a
= F, sin (2nha*z), (4.4b)
where h € {1,2,3,...,00}.

COBBO AR AT 5 &
fs, (x — nga)
= 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)
= fan (), (4.5¢)

where h € {1,2,3,--- ,00}.

X (@3B) &0 f,, (z) 1, X (ED) [poB OEGEMZTI LB %, £z sin(—¢) = —sing (¢ 1&
EEDOFEE) TH 2720, [, (2)1F, fs, (—2)=—fs, () DHEETH %,
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425 7—1) TRLEK
— A o TIRENT 2 EEOMEBEE foven () 1X, fo, (x) DRMTRD LS 1ICKRINDZ Z e HIHH
TW\W3,

feven(z FCO + ZF cos (2mha™x) . (4.6)

IhE 7=V IREFEE VDo foven () 1F, foven(—T) = feven(z) DB TD %,

426 T7—1) LIEXEEK

—C A o TIRENS 2 LR O AR foaa(z) X, fs, (2) DFITRD KSR IS Z e PHHNT
Wb,

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

IHE TV ZFEREE VS, foaa() &, foda(—2) = — foqa(x) DFEETH 2, FEEICIZIRS)
LBEWEBDEDD > TUIRSBRVDT, h=0DHIZRL F,\y =0TdH 5,
427 EEORBOBELK L FEBADIE

EFIHD —00 < 2 < 0o DIEE DB g(2) 1M LT geven()=[g(z) + 9(—2)]/2 & goaa(z)=[g(x) —
g(—2)]/2 BHETEBD, 2= —20 ZINBIRATZ L, ROXIESN2,

9(=0) + g(xo)

geven(—ﬂfo) = 5
_ g(xo) + g(—x0)
2
= Jeven(0), (4.8a)
Jodd(—x0) = 9(—300)2— g(wo)
_ 9(w0) — g(=0)
2
= —godd(T0)- (4.8b)

RN (B83) 205 goven (z) FMBEAETH D, X (ERB) 205 goqq(r) EFEETH 22005, MEE
ELEDES L g(x) 12220 T, (EEOMEKIE, HERLTFHEKOMTREINLZ Zerbrd, T4
b5, EROBE g(x) ZMBRIBL geven (v) & ABIBL goaa(r) CAMETE, g(2) = geven () + Goda(x) T
Hb, Lizo TR a DEREDOBEE f(z) 1%, 77—V ZREFHE 7 =) ZERFHOMTRD X 5
WTRIN 5,

f( ):feven( )‘l’fodd( ) (49)

5104-j£:f7 cos (2rha*x) + »  Fy, sin (2wha*z) . (4.10)
h=1
toFrx—vavid, Y52, OFEFTHEL > TWEA, 3,1 OBFTOMICEERI 22,
MTES, ZOFE, cos(—2mha*z) = cos(2rha*z), sin(—2mha*z) = —sin(2rha*x) & ET 5 &\
(ET10) & Rk
—1
f(z) = %FCO—F Z F,, cos (2mha*x) Z F, sin (2wha*x) . (4.11)

h=—00 h=—o00
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BAFE 10,2 RT,3 RoroHsg 1, BB e 7 — v =il

7 — ) I (21m), X (ET) OWFhoBTHRIN B,

Fc_h = FC}N
F , =—F;,.

OB, RO §ETR B kU §E7T0 [p.&l) OB TREL K 3,
428 HBRYADT—) THHK

WOETHA 5 —0nRpHEH LR (C38) & (C36) [p2] 2 FIcEET 2,

e+it9 + efie

cosf = 5 ,
. o0 _ o—if
sinf = .
21
_ie+10 4 ie—l@
N 2

X (ET38) [p.28] &3 (EI30) [p.2S] T 0 = 2rha*z £ BVTR (@) [pg WRAT 2 2

ROXZER %
1
f(fL‘) - 7Fco
1 — o x
+ o> Z [F., exp(i2mha*z)
h=1
F,, exp(—i2mha* )]
1 oo
5 [iF, exp(i2mha* )
h=1

— iF;, exp(—i2rha*x)].

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

fz) =

1
= 7Fco
1 &

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

1 — : .
+ 5 Z Fy,, exp(—i2mhsa*r)
ho=1

1 o0
~ 5 Z iFy, exp(i2mhia*z)
hi1=1
1 . : x
+ 3 Z iFy,, exp(—i2mhaa™z).
ho=1

(4.12a)
(4.12b)

(4.13a)
(4.13D)

(4.13c)

ricky

(4.14)

(4.15)
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X (EI8) &, hy =h, hg = —h LEEEITRO IS CHETE 2, 2o, R ([@X2) CEET 5
BHH 5,

1
f(x) = 7F00
1 — , .
+ -5 Z F,, exp(i2mha™x)
h=1
=
+ 5 F,, exp(i2mha™x)
h=—oc0
1 o
- iF, exp(i2mha™x)
h=1
=
5 iF, exp(i2mha*x). (4.16)
h=—oc0
TZT, Fr ZRD XS ITERT %,
1 .
F, = T(FC” —iFy, ), where — oo < h < co. (4.17)

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

1 & . . .
f(z) = > Z (F., —1iFs,)exp (i2mha™x)
h=0
=
+2hg;@a—w@mm0%m%) (4.18)
= Z Fp, exp (i2rha*x) . (4.19)
h=—o00

429 HBEHEXOT7—)IGRBOHE
—a/2 <x < a/2 DEHTRD &5 LEKOETZELRL, 4 7—DRK (23E) [p.B] ZHWTEH
HLTAS,

a/2
/ exp (i2rha*x) dx (4.20)
r=—a/2

a/2
= / cos (2rha*x) dx
z=—a/2

a/2
+ i/ sin (2mrha*x) dz. (4.21)
z=—a/2

X (E2) OF 1 HBXUHE 2HOBETOFHIX, h#£002 23X, h[DHREIT2EHETHD, BEHro
BRI THZ, h=0Dr X, BEHOHREHEX 1) THYH, EHrDMEIZa THS, (8B §B2
[p.38] M),
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R (E20) O 1 HERST 5 &

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

=—a/2
. 1 . * _\1a/2
= o [sin (27ha a:)]_a/2 (4.22a)
_ sin(rha*a) — sin(—wha*a) (4.22D)
- 2mwha* '
sin(hm) — sin(—hmw)
_ 4.22
2wha* | )
sin(—hm + h2w) — sin(—hmn)
_ 4.22d
2wha* ( )
_ o (4.22¢)

A (T22) 7 5R ([[228) NOLIF, sin(¢) #EM 27 DFMBHTD 2 2 LIS 0TV 20 X
(E21) [p.29] O3 2 HERDT 2 &

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

——a/2

_ %2&* lcos (2mha*z)]"/?,, (4.23)
_ cos(wha*a;;hc;iS(—Wha*a) (4.23b)
_ cos(h?r)z;h(;s(—hﬂ) (4.23c)
_ cos(—hm +£Lj}7;)b*— cos(—hm) (4.23d)
_0. (4.23e)

R (E23d) 26 R (E238) ~NDETEIX, cos(¢) DAY 2 DR TH 2 Z L ITESVWT W3S,
—77, X (E20) [p2y) 25T 5L

a/2
/ exp (i2wha*z) dzx

=—a/2
1 ) . \1a
i r— [exp (i2mha :1:)]7/5/2 (4.24a)
1
= 5 [exp (irha*a) — exp (—irha™a)] (4.24b)
i2mha
1 . .
= oot [exp (imh) — exp (—imh)] (4.24c¢)
exp (—imh .
= 127(rha*) [exp (i27h) — 1] (4.24d)
=0. (4.24e)

exp(0) = 1 T exp(ig) 1& 27 ZJEAH & 5 2 FAHIBIE L DT exp(i2rh) = 1 T, X (E24d) [ #51 | OfE
drrici s, R (E22) pa0) R (E223) [p.BO] & Al & IEEHR LA 47 & 2 W EHEX ISR T,
BWEBIERNC L2 () BPHHETHZ2 2 25d, A4 7—DAROEEUEDHFETE 5,
L7ehio TRD &5 %5 T F, DfEEFtHETE 3,
1 a/2

F, = ? f(z)exp (—i2mha*z) dz. (4.25)
r=—a/2
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X ([@28) B D o2 vig, 3 (ET9) [pa] Th =i LEWERE, X (@28) TR AT 2 LT
RTE %, $hbb

a/2 e
F, = 1 Z Fprexp[—i2n(h — h')a*x] dx. (4.26)
a I:—G/Q h!'=—oc0
R (28) HLORMNE L =h DL ELUNIRBIL TIHATLES DT, Fiu(= Fy) OEEIES
LB, K (E28) TAHE SN B, 2HRMET5R (E10) [p2d) 25, EREERO 7 — Y ST

Hb, ¥z, TITH =—h 2EVTK () p.d X (E23) 2 FEHWZ 2 L ROABBE LN S,

f(z) = Z Fyrexp (—i2nh/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 S 2 %, f(x)exp(—i2nh'a*z) = [f(z)exp (—i27nh a*z)]" DT,

F_=F;. (4.29)

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

4210 TF—VIRKBPBE 77— IEXBBORBOE
R (ET7) [plA) T, h=h BEU h=—h tBVTR ([@TI2) [p.08] 2 ERT 22, ROXIELN
60

1 .
thzzgéf(fgw —iFy,,), (4.30a)
where — oo < b/ < o0,
1
Fop = (E}fh,——ifgfh,>, (4.30b)
1 .
= 7 (Fch/ + lFsh/) ) (430C)

where — oo < b/ < o0.

(B303) 4 (E300) & (B-30E) — (B30) %25

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

43 ZRITOREHABEEE 7 — ) T

431 ZRTOEEF

TXRICO YIRS E R T 2 2 &, 25 2 JOTOHMEEER LRI SRV, TR 13555
LR ZHETH D, ~RANCIEERICEMTER I NS D, ZHItDFH ETHERTE 5,
fimOGE L Mk, BARIENY bLE a, b LERT S, a, bid, BT LHER LRV, ZRILZEM
TlE c IFBERND, DB, WG FEARNT M EEFRT 272D, [m] DT 4 XAV a yeffoNy
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C
A X
b

€
CH'/\ ) X
a*

R 41 “RTEOERTHADESS Lo (B) L TRANS FL (), 1 ([@33) 10 & - Tk
(E33) & T £ 510, WTHARY FABERIATNS

Pl e ZRDESITERLTEL,

axb
e 2xP. (4.32)

73

RS FHANZ LoV a®, b* BAO k5 IcERSNS (M D BH),

b xc
= 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 ZXuhREHAREEK
z-y (x, y DFHANIHT LHER LRV FH ETEREINL f(r) = f(za+ yb) 23, « @l y @71
D a & b OFEMEKTH 2 X, f(va+yb) i, ROKXEHHZT,

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

I Tux, y BB DOER, ny, ny IEBOEKTH S, —XLd s —ATIER (E1) [p.ea] Tz A
] OF 4 XY a v EHObDL LTER LA, ABTIREEMTS 3 L LCibs 3, & (@)
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[p.26] T—RLZEMTOMER va LA LT o ZMHEAL L T2 2 LIXAIEET, AREITH 212 [m] DH
Nz Fi-E 25 dH DR S, UYARELLDELARTHRUCHRE G R %,
BI%L exp [i27 (ha*+kb*)- (za+yb)| IQEROADM 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 {i2n [hz + 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 HATIAE 2 —RITH
fifide 32 FAMEBTHS Z 2R LTWS, K (B36d) 253 (E36d) ~NOEIE, exp(i2mng) 23E
BOER ng (= hng + kny) I LT exp(i2mng) =1 £742% Z L IZESWTTHOATWS,

433 BERERERTOZRITT7—')IHE
a, b 2t 3 5 FATIAIE % BALId 2 R0 A B RIE, RD X5 RL7 — V) TR TER S
ns,

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

= Z Z Fpi 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 =0 (23) [p.B] ZHWT 7 =) ZR/RERE L 7 — V) ZIEZRBEOFMTHElR X
N30, ZZTIEFFEERL RV,
434 ZRiT7—') IHRBORBOHER

X (E3R), (E39) ORI Fry ZEIHT 2720, RO K5 BT 2 ERT 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 Fh exp [i27 (hx + ky)] dzdy (4.40)
—1/2 —1/2 h=—00 k=—00
1/2 1/2
Z Z Fhi / exp{—i2n [(h' — h)z + (k' — k) y]} dzdy. (4.41)
h=—o00 k=—oc0 =—1/2Jz=-1/2

X (220) 2 EESOHICH 5 exp{ } DIEIE, W = hH»D kK =k TRINWIRE L THED ORRIE
il %, W =h ok =k ot &X (B20) OF7TOHFHE 11 127425, (B §B2 [p.I3y] &
f)o L7edioT7—V R Fry BROKTHEAESI NS,

1/2 1/2
Fp, = / r)exp [—i27 (hz + ky)] dzdy. (4.42)
~1/2 _71/2

TIbb ZoTD a kb 2K L T 3 BB f(r) ZRD LS 1cEkEN D,
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eZ
A
)
c
/
ﬁ (04
a” e
b y

4.2 SXTEOEMTFHALESY F L (B) L EHFEASS L (), 30 (E23) 12 &> Tk
(E2B), & ([@a7) FilieT &5 CEETRARY FABERIATNS

fry= > Y Fuexpli2r (ha* + kb*) 1], (4.43)
h=—o00 k=—00
where Fyj = (r)exp [—i27 (ha® + kb™) - r] dS. (4.44)
cell

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

4.4 Z=RTOFEEABEENE 7 — 1) T

441 ZRTOFEERF
ERTEDWRETFATONWTIE, B E [poE] T UL b ORFEA 2T 2BHICER LTV, JE
WICHEERDT, ZIThildd 3,
OGS L ARk, EARNHENRS ML a, b, c EERT S, a, b, cld, BT LDHBERLEL,

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 & 5iC a*, b*, c* ZEHKT DI, (ha*+kb*+ic¥)
¥ (ngatnyb4n.c) ONBEEFHE L E, bkl ¥ ng,ny,n. VEEOERO L Ei12, K

Buci2X51033-0ThH 5,

4.42 Z=RTOEEBEHD 7 —"1) THE
[ a, b, ¢ 2O =T AR f(r) (v EMENRZ bL) IERD & 5 REEE D,

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

ZZT, ng, ny, n, ZIEBEOBKTH 2, —KL, “KLDBE LFAKELED h=ha*+ kb*+ic* (h, k,
DIEFEHED) 1T L Texp (i27h - r) ZXITRT XS I a, b, ¢ Z2FDOZ e BHRETE 2,

exp [i27h - (r + ngza+ nyb + n.c)]
=exp (i27h - r)
x exp [i2m (hng + kny + In,)] (4.49)
=exp (i27h - r). (4.50)

=D JEIBEL f(r) 1%, 7=V BB TE, R LH 1IN 5,

— Z Z Z Fpipexp [i2m (hx + ky + 12)]. (4.51)

h=—00 k=—o00 l=—00

443 ZRFTT—VIHEBOBRE
2 RICDGE LRRRIS, Fuuy ZelBE 27200 L5 R 2ERT %,

1/2 1/2 1/2
r) exp(—i27h’ - r)dzdydz
=—1/2 Jy=—1/2 7—1/2
1/2 1/2 1/2
/ / / Z Z Z Frriexp[i2m (b’ —h) - 1] }dxdydz. (4.52)
—1/2Jy=—1/2 Ja=—1/2 o b0 I

Lo (E52) £ h' £ h O FLONIREIT 2729, BOOMEP RIS, h' =h Ot =&
Fui 172 %, (15 B §B2 [p.38] 2i8), Ld->T, 77—V ZHEEBOBEE Fry 1ZRD K515 25
Nns,
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4.3 (a) DB, X (0) [p.2a] 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 vy &2TH
B o 78k X 3t EAE

1/2 1/2 1/2
Frp = / / / f(r)exp[—i27 (hz + ky + [2)] dedydz. (4.53)
z=—1/2Jy=-1/2 Jax=-1/2

—RTT, 2 RILOHESFERIED, 7V T 52 2 ZOREERDE2ATiE exp[| D
HEDOFFSHHTH 5,

4.5

—R7 — ) TRBEFOBIETRIC & B1RAE

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

451 —RT7T—V) IHEBOBRHDOHE

H 5w 3 FEHAEED N (M) [p.22) 720 Lt (B0) [pd] o XS5 ieREIN D e REL L =12,
7 — ) TREHREE & CIERAEE, X (E530) [p.al) icESWTEE S,

KRB TIX 7 — V) TREEFE . ERRBD 5 X4 L7 M2 s OfREcEEi4§, §21a [p.ad)
WKBWTHA 7 —DnREHWT, HEBFRD 7 — ) ifEEH Uz, BEBFRO 7 — ) oK
F 77—V IREB X CEZEBE D SBIRPERTHZ 2205, BMATZD XS RFIEEEAL,

X (E23) [pBO) ZFFRMEL, 20K (B30) [pBI 1k D, 7—V TREE X CIEEFREB DRI
PEHE L 7.
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4.4 (a) b OB, R (M) [p.27] Too DfEH DI, (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 OHRREFETY > X —> 3 > %45
Y)o 7 X 2EHEME

452 —RXi7—1)IHBOHESG
521 FlZo 1

M E3 T, (a) D&O% HEYEYR) BBEZERL QD7 — ) OB ESE, 150D LR
N/2 ZR&ELF 21200, IREDOEAISMH 72D, (a) DBIRITGEDWTW L 22 23bh %,
(b)N =0 DA, (1/2)F,, I OERCHR D, ZHUIRET 2 BEBOFIETH 5, (1/2)F,,
DEDZ L ZERMITE VI 20D 5,

()N =1 DA, 5 ORL L EROBEBO A & 35k 2, KE3 (d)N/2=2, (e)N/2=
5, (f)N/2 =10, (g)N/2 =20, (h)N/2 =100 ¥ FEOXEKEKE L LTOIcoh, HEOMEE,
(a)[f (2)] ICESVWTWL,

(d), (c) DRBD T ¥ 2 Zheh, 2 [EEH, 5 EEHKETYE 5727 — ) ZHHME VS, [
B (), (g), (h)1&, 10, 20, 100 @M ECHE L7 —V B TH 2,

RKERMEOSHAKEETOMELZZICXD, 77—V ZBEE, X DITOBE f(x) ITEDWVTHW L
by b, WHEHEHOMEBME f(z) Z XD IEMICKDZ 2 THZ L2 0VDT, KELH
DEFER T ETHITEZ Z e DEE LV, 7— VIR E,,, F,, 223X KERMED h £ TH
T2 ePHELRS,
a522 FlED?2

X Ea Tix, (a) D& REKEERL QD7 — V) RO FRBMEE, THUIDRE N/2 2K
LT3 oh, REOEAMSMNL KD, (a) IGESVWTOL Zehbr 3, (b) FERKITH 3,
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0.15

@  f@

0.05

-15 -10 -5 0 5 10 15
0.15

0.15

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

(c) Ni2=50

| /o [ M
0.05 - 1 n 1 1 n ] 005 L 1 1
0

(b) " NR=20

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

0.15

0.15

Test_FMax_100.dat using 1:4 —— “Test_FMax_200.dat' using 1:4 ——

(d)  N2=100 (e) N2=200
01 /\l\ 1 o1l
0.05 | N | . . 1 005 A 2 /\,\ A A
-15 -10 5 0 5 10 15 -15 -10 S 0 5 10 15
f(m) = feven(m) + fodd(m) (4.9)
1 N/2 N2 . ;
= TFC" + ,;1 F,, cos (2mha*x) + ; F,, sin(2rha*z). (4.10)

M45 (a) LB, R (EI0) [p23] 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

Super Borrmann
0.020 F Polarization \

0.015F (@) I 624

ﬂ’olarization 10 mm

FFR(1
RO

= FI:‘$

3 \ -
[E(@)] [S(a)] Ad[deg] 0001

(a) (b)

Transmitted X-ray intensity

4.6 18.245keV O X #iE MWz (a) FEBry (b) FHHEIC X 2 HEMGLFHHEICX S (c) WZERIB
(7 =V =Z&HYg)

(c) & (d) WIKFL AL ENED SNRND, TDI LIZZ OBBAER, 2 EEHRNZIZLALEAT
WP e EBRL TV, BEIE TEYC) fEo/zd DD, ZAEI»RHIBLWS —RATH 5,
() DT —RDVTIERELERS>TWVWED, ZDIehHDBRBICIE 35, 415, 5 EEFEIHT
BRZEFEATWEZErbrs, 7V OB ERD 2 Z L I3ToBB D TRBEWN ) %
fToTW3 Z BIZIENR SR,

X B2 [p.B7) Ti, KEB [pBE] Or—RA XD, ORI L T DHEN,
E523 5

4 B3 [p.BO|, X a2 [p.B7] UM EBIREKEERT S, 160D EREZR LT 512200, 2D
TECHREBANEDNWTITL Z e HFERR T & 7,
453 —RX7—V)IZBOHES (AiZ 5 ERS LEESR)

X B3 [p.BA] WA 5 oA TH D, ZATH LT —V DR % 100 R TitET 5 &
(7 b+ 72K ) CTIROBBERHETE L2 e dbhol, —H7— V&L, 7—V il
DR ERD SIERICHIR L/2d D ENT WS, 257232 It 1 AR5 0B
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(@ f(xy) (b) N=100 (c) N=200
£ &<
(d) N=500 (e) N=1000 (f) N=2000

f(r) = f(za+yb)
Nj2  NJ2

~ Y 3 {Fhkexp[iZW(thrky)]}. (4.39)’

h=—N/2 k=—N/2

X 4.7 (a) d D 2 KICBIEK (2048 x 2048 ¥ 7)) O 7 — ) TALBUER % IR 2 HFH (—N/2 ~
N/2) TEIEZITBEY - MBI L 25t EH, N OEPKEL BB ICONTHREBEIEL 72D
(F)[N = 2000] TiZ, (a) LIt A LRHIDHPROREAELATVS

D35 A DREBICH o 727508, 7 — U THBUE T — VU ZEHITIAOK X578 TR TS .

MED (a) DX S BIRRZEo TATT7— Y AL TELNLDN, MES (b), (c), (d),
(e) TH2, MEGIEDOFIHYI Y EBRME N/2 1%, (b)N/2 = 20, (c)N/2 = 50, (d)N/2 = 100,
(e)N/2 =200 TH %, N =100 DX ED (e) [pB7] ¥ XEF (d) 2L T 3 &, BECIFHFCHS
N NHlID R IRENDBIE S, TTOREE O—FRIUIHT > TEL Ro T3,

BRI DEDY —4 ~ 1 { BVOREBICH 2D 7 — V) 2 ZBOREEZEDH L5 & L TERBE 5 512
JRF DI TH 2D, BEIREZEINLE A, HIZEIR->TLE o7,

RO A E [p.d] € X # CT OFEFHIZOWTRRT 225, WEARDKEZEE X SHRT 2 H

I CRER2XILT L — L OFIHERD D 2 L IRE L TREDOR LZXA 5 £ 3 280%, £
CHEEEKTH 2 Z e D0 5%,

46 27— IHRBERAOBEHEIC L DKL

4.6.1 2XT7—") TRBOFRE (YEZEHR) OFHE

M IR (a) (X, 18.245kV @ X #fZ MW7z (a) EBRE (b) FHRIC X 2522 /MK e, FHEICL S (c) #
ZEG (7 — ) TEHYR) TH B, MED (a) & (b) D—FZ, HRFEOKEDEIZRL TS, &
ZERIE, A X—Y Y 7T L — Mg S X PR ERE, H2Emgl, fMazhiiseit
Z OETIRERIIRIC TR 5,



40 HA4FE 1 XL,2 KIL,3 KIuOwkg ¥, AR L 7 — v

462 T—1) IHEOLRORE L BRIGE

X B2 (a) [pBY XL D 2 RICEHE (2048 x 2048 ¥ 7 kL) O 7 — ) R EER %

N2 e SN gy TH B S BB OR TS 5, N Offii, (b) N =100, (c) N = 200,
(d) N =500, (e) N =1000, (e) N =2000, N DEMGKE 72510 TTOREBUTIEOL A, K
DOFTHY) D #PHH/ N X W FUREDHER DT, —XITDEHE L RBRER T 7o TL ¥ 5 DH0
2%, KB (f) N = 2000 [pBI] OBFEE, K2 (a) [pBI OTTD 2 KT f(x,y) LIZL ALK
AP 72NDDOHBEHNT NS

WZEE O 21X, @“72:}9757— VIRBDZ e THEH, Fpy 2725 X MMEDKERMED h, k¥
TRD B BENMRGED TEG) 2RDDB IO D, EmEERT OGS, = RITOMZE-
BrEIEBD h, k, | ETRDZ LD, &7 ﬁE@ﬁ;?%wu@%&%ko&#%o Zzhik, K3
[p.BE] ¥ B4 [pBI IKBWTEDERD N IZOWTHEEL 222 ickb, K3 [p.Bo], Moa [psl)
Kf?iﬁm,—mﬁwﬁﬁm%ﬁyv—fmﬁzf<5@&ﬂb@mm;éo

— U THREEBE, 2 TG R EEEBEERS h &k CHfRT 5 THEH, MHEAKE K
z%F'aEJJEJ(Ezaﬁzbi.mmw%W( MRAE) ZH->TWB Z e 0D %,

B2 (f) [p.BY] [N = 2000] ©¥5FE & bk L T2 o i, K a2 (e) [p.Bd] [N = 1000] T
1/4, e (d) [p.BY] [N =500] T 1/16, K EA (c) [p.BY] [N = 200] TiZ 1/100 LHh72W, HDRE
§EBCEIAR Lz kD, BHEL /=R u /7 212k -oTh, MEEIELRDILZ DD T2k b DIk
B PEHATEZ2DIEZ SV FHHICK 5,
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47 BRrEZF

47.1 — ) IZ#GRriT
BE771.1 8 7V IZBRGEHPRZI B IT
FMEZEEOBIZREZ WD, 77— TEHR %

HLHRHZ32] tBoLeoTWELED, 7—V T
BRI, HEMBRE OKE X EE/HFTEROE
WHZETIh, 7—V BRI DX 54D
DTL x 2D
a71.2 E%

7 — ) TR DO RZE# OB L FENE, —K
TLH 72D OHAID [m™Y] v S REGER AR ZEMIIC
ERSINTART, BORPTICHBET L e
TEFEEAD, ZhZHfEsT 2 Yyt
EboTEET, 7V Db v v
NERBIFEFEREAT, DTFo kS icidhxng
3, EREIEE, VHEORMEE > VT VICE
BT 27-0DEETT,

0o 0o 0o
=2 2 >
h=—oc0c k=—o0 l=—0c0

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

where Fhkl / / /2

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

T5ILT, MmOVKHEENRRZT20T
To U4 U7 -0—LYR-TI7v 7, X
A SO Z e %2 TH L WEMEE (new
microscope)] & KU F L7z,

7 — V) NI T — U IO JE B % SRR
KIZUMRTd, 7272 LEBRICITERZ
FPDETTIEBIL 3,

o @mS b OFMRLHM [-1/2 < 2z < 1/2,
—1/2<y<1/2, z,yl3E ] CERINLNE
N7 Mlr (r=za+yb) @ 2 ZXITLDEE f(r)
—00 < k < oo DEEH R, k
EFHOTRD LS ITREINET,

X, —oc0o < h < o0,

o0

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

h=—oc0c k=—0c0

_ 53 554ﬂkprWMw+kWL

h=—o00 k=—00

(4.56)
1/2 1/2

where Fy) = /
=—1/2 7—1/2

x exp [—i27 (hx + ky)] dxdy. (4.57)

AEETRkDZ N TEEST, 2D F,, DZ
L% f(r) ® h-k ZZETO 7 — 1) B VWO

p(r) XETEE, MEBEXZ Mlridr=oxa+
yb +2¢ TT, x, y, 2 XEHENOFEE, a, b, ¢
BEARUHERY FAVTF, Fhy O Z & TR
BRF & VWWE T, X SSRGS I ARZ
HPADOEEE h, k, LT LT Fry &2, BB o

WKE>T |Faul|? = mm&%xﬁmﬁﬁjm%%
ATk, BRZEHD h, k, [ 1ZHLTET
& p(r) Z3tHL 7,

JRFRDI S IEBEFHEEHE K Z DGR T
BHdZemLET, BWILERLIITEES
WKHBILZ-Z S DEF (BVEFEE) 26LT
WBDTHImZMRT 20 FDIEBRDTHD £73,

ZDXIRLT7=VZEHG (77 v K
GHRE]/?) 272 SAKEDT7 — U T

S

X#CT oFfME2RRA LT 7Y - a—<y
3B ETHOMRFETD DD F Lz, EA
Wit bLdda, b, ¢, HIEFXZ bl h 3,
(= ha* + kb* + Ic*), HifaMHER T Fip O &
%, BFEEREN (x2) tRkooNnx T, b
YOHEEMET ETFHEEZ a-b M (z-y M) 125
MLt EOETEEy TEHETZICEES
TRV WD VI DAHD T, EffE K
(E52) TI=0REELLLEDH I A= a
ZEME TV T, a-b H (z-y H) 1255
THEWVWS ZkiE, 2 TANORETEZERL 3
Dz NSRBI 25807, Tabb 1 # 0 DIHIE
(v %ﬁiptkibﬁﬁbfﬁxfbivﬁ%
TY, ZOFEMZIGH LA X # CT T,
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472 7—1)IHEBUCOVT

721 8 F,, & f., OBERKRICOVT
Fe, (cn BIRAT) & fe,, (o BIRAT) Ot
BHE L WS Z 8 TL & 5%

BE722 @ %

MFRARERE WS Dk, Y LB WO R
K7 DT, BTVWETH, EHANITENE T,
7272 T =V i) WO BENRDD, Hih
LERIANTVE 2 VTR VwDTE, K
(EDUR) 252 5 T3, AT ¢ D cld Tecos D el
T h 3B TS,

AETHARLEZE S, H5W23EHEEX
7V IRBUCEMTEZ 2RI NTE
D, BRI [f(—2) = f(z) THBEE] 1Z, B
% F., 357V TREEBTERIN, HOWO
BB [f(—2) = —f(z) THBHEK] &7 —V
TIEHHTRINE Z e AL TVET,

»H oW 5 BEBUIEBER L TR OMTRI N F
o A 7—DRADLIRELZRILLTOHE D
T,

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

COREBMFS RO XS RIEEICT VT
RANPEHINET,

flx) = i Fy, 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
BB HAD — 5 ~ - ROTIT D
B72.4 BE
K (1) [p.29), R (E25) [p.B0] %L FICHEE
LET,

flz) = Z Fyrexp (—i2nh/a*z),
h!=—o0

(4.60a)

1 a/2
where Fj,, = / [f(z)
a Jr=—a/2

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

IHHD0ATE, 23 [m] DT 4 XY arvz
FroTxbh, X (IB0H) OREDIEdz b [m] D
TARYTaviEFFoTwET, BRAIK, R
(EE0H) OEDHEHZ 0 <z < a &3 5Lhd
HDIFZOTTH, RETE, BERS 77—V
RIGHET, FEEBD 7 — ) TIERBBR SN
LWV TRAL TWa e, E#HipHE
5 <z <5 rLELL, ROBIE TR
z0<z<li¥d, —5-<az< 4 LT
WHRHHBELTT,

R (BB0) C o' ZEENTHZE L, zm] DR
DYIZ 2alm] £ F2ABBAAET T, ZDHE,
R (EED) ERO K S 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)

EHlan* =1%2FEBLTEZHZILL

f2') = Z Fyexp (—i2nh/2') ,
h/=—oc0

(4.62a)

1/2
where Fj, = / [f(z")
x'=—1/2

x exp (i2rh'z’) |da’.
(4.62b)
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X (BB08) A LDOHEDDRICH 5 —— DEHNK
(IBIH), (AEZ0) “C“&iii(iiofb\i‘ﬂ‘o

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

2RTLD 7 — ATz, y 2w o BELD
HELTED,a, biZ[m|O7F 4 XryTarik
BTV, dbAAHAKINMERY b2 HE
2L Tx, yiZ[m| DT 4 AT ayifiktd
THRUERMAEONE T, R (E22) [pBI] %
MRicHBL £,

1/2 1/2
Fy =

=—1/2 7—1/2

—i27 (hz + ky)] dady

(4.63a)
1/2
:/ exp —i27ky)
y=

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

X exp [

E725 B IkE 9 3EM G KRB IOV T

RENT 2 BREHZTLES DTT D,

z HICIREI T 2 I3 IC k> TIHATL ¥
5, eHHFELED, BEARINCED X S k=
MTEZDTL x5
L7726 B

X (E23) ¢ X (22m) [p.
9,

BN ZLANICHEEL

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)

X (E53) 3R (EB8) RHAT 2 icimbEh

TVWE T, THDHHRICHR > TWVWB DX, RDOK
TRINZ 77—V T,
fl@)= > Fuexp(i2nh'a*z).  (4.66)
h!=—o0
A (EB0) #RX (B52) 1ITRA L0, K (E53)

T, W/ =W -—heBVT-1/2<2<1/20
HHTHETTE2ERDEIITIHD £F,

a/2
/ Fyexp (i2nh"a*x) dx (4.67)
r=—a/2

a/2
= / Fy, cos (2rh" a*z) dz
r=—a/2

a/2
+i/
r=—a/2
(4.68)

Lo (EBR) ofR A A0 DL T BITK
3 ZricBL i, R (2z0), (220) [p.2y] 3
R3O EUEHTY, R (E22) [pB0 B
FOR (2223), (@) [p.BO] Dtk E S L TL
ZEWV, Bz (B63) oI h £ N DL E
WiFEaizizh, h=n ot Z22 F,(= Fy)
EhHoT MEE®RZ OTT, ZOZehr oK
(E52) O T, F(= Fy) ODEZFHETE S Z
T D X7,
BE72.7 B exp( ) DFEDFFICDLT
ZAT7A4RITRELLOREERBHIZIVT
L & 97D
728 [E%

FIEHELTHHDRNDTT,

X (e=1) [p&F) v X (E33) [pBo) & 2 DR
TYYty bC, ZNEHE2H LD TEHIRL T

Fp, sin (2nh" a*z) dx.

oo ) 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 Jxz=-1/2

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




44 HA4FE 1 XL,2 KIL,3 KIuOwkg ¥, AR L 7 — v

X (o) [pa3) &3 (CEWE) [pa] T, B =
—h K =—k ' =—1 @& ¢, R (E59E) [p.a3]
¢ (EB90) [p.a3] Ol exp| ] DB DS
Audhd gl £9, X (E69E) [pa3] 37—
Y oo, X (EE9R) X [p.a3) 7—V ik
BofBERINTT, 7V B oR L 20
FREOKX T exp ] OFHOFFZRFETRITN
372D 8 A

A729 BR ERFARY FILORIRAICDOWVWT

a* ZAHILT 2 Z L IERAJRETL & 952 X
HENCRD T DELHRE D EELWTT L,
BE72.10 IEIK

2 RITD * b* I DWW TIEX B [p.BY

,:mn@%n@a,bt c* IZOWVWTIEFF
AERITH LER7Z2 WO T2, KE2 [paad] 25
BLTLZEW, a, bt a*, b* ODAERERZ, a,
b, ¢ & a*, b*, ¢* OAEREFKIIX €T [p.B7),
X B2 [p.Bd] DD TXRVDTITA, KEMDE
AAHER 7 MUVET 4 XY a vH [m], W22
DG FEARRT FADT 4 XY avd m1
LR ESTED, FEMEHZERTORY ML
DEXIFIHETERNI LICHFEREL T XN,

TSRS R T o 725 ¥ D= RITD kS T A5
h = ha* 4 kb* + Ic* &, WZRNTERLITA
TVWET, TSFFICRVDOTTS, WL 2
T=REDY I I VT TZORTERSLZ
MTEET, 2D bafigsr B L £ 5 & An
Er
E72.11 B BZERICDOWVWT

WZERRHANC R TE EHA, 7— VL
PLOEBRLHERTBo Lo TWRLEEASDTT
B, EERCHEELHZDTIH?

E72.12 BE&

WZEE TRARR 72220 T3 A8, 2 ZICHE%
BHBeEZTHVERA, ZELZRIEa Y
Va—&—0HITHEIEL, EWrH212E, V7
FY 2T OMTERELY LET, FIZIETY AR

MLUZEBRIZSD A — FOHFITFELET
2, VI T2 BRFIUEAZ Z I3 TEEE
Ao THNERLZETT,

X MG RSN 2 RONAT 27277 v IR F

, BT R L —F > 7408, X
rﬁ CT(Computer Tomography) ZF¥ L 77 7
Vea—<vY, Ay RTV— - NYVXT 4 —
VRS, HEMIESDH B F TR MO LT
AL, AV a2—R—%flio TEBGANELEHT
52BN NT=BTT, 77 v 7RFODE
RiClE, avEa—X -3 FELHFELEBATL
Joo FRIBETT7 -V ZHEEFHBE LD TY, %
O X ZEdid s dll, ZOFMOH
M2 HECTIL W E B o TVE T,
E7213 BE NFLILE—L, JORZ—LIZD
W<

RIVLAR—LA, Z7OAX—LE EXHKIZR
ATT
7214 [

IV DRGSR ZFEBR L 725 B & [p.ad]
RN (BIO) [p.Os] O#fitgF M T L FER FITHE

%X (BB) [pag iffAT 3

(nga+nyb +n.c) - (Ki —Kj)

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

7218) 1X, nga-kb*, nga-lc* R ¥ T, R (703)
TLOEHE TOHONEEZ 2 %, T3 &#H
J1 DEIBPIHEET 7DD L5 IKiFN
TWET, NEIZE XA (§612.2 [pba) &
), B DILDDTEA, 7uRXX—LpEIZ
b XSz a*, b, c* EEELTED, 72875
LR —Aida-a*=1,b-b*=1,c-c*=112
25 EDICERLTVWSHDT, (E-maE)=(E705)
DS DLH, oL b DRSS DFEE
WAL TE 2D T,

¥ 7o (£364) = (E366) [p.B3] &, X (E236a)
[p-B3] 23 nza + nyb (ng, n, FEEDOELK) O
WIS L TEAED SN e s, K (E38)
[p-B3] 23, a, b, c ZfHL T2 MK TH S
ZeRRLTOVET, 2 XLDHESFEKTT,
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E772.15 B 7 =) IREREDEBIRICOVWT
X (E8) [pea) RE LR WIE L F, 27 TTL
ZDIFRETL I ? ERLERIL L R L THAK
DILD KD BB LD TIH,
E72.16 E%
cos (i2rha*x) & sin (i2wha*z) ORELT, h =
0 DL ZDfEIX cos(0) =1, sin(0) =0 TT,
cos (0) WICEBZED T2 & ZDEMDBEB LD
F 323, sin (0) WEHZ2 T THERIZLY2ZRD
FHA EBOEN 7 — V) ZRGHFEDOHIZDH 2 D
EZDDHTY,
BE72.17 B Iy, & F_;, DEMRICDOWT
7283 (23) [p.BO] 2253 (E=29) [p.BI] »E
EHEINZDTL 527 &5 —EHZ BV
L72\WT3,
A72.18 E%
i\ (E223) [pBO] ZLAMICHBL X9,

1 a/2
Fp=—
a z=—a/2

f(x)exp (—i2mha*x) dz.
(4.71)

RoRIERX (@ iz R

‘/C‘\_g—o

) D h % —hIZiE

1
F_,= / f(x)exp (i27ha™z) dx.
a Jy=—qa/2
(4.72)

L 3EHTHD, flx) bFLERTHLLL
T#Em L TVWET, X (o) X (I-@) TR
exp () DHEDOFFEPHHLL TWE 2T,
XD [p.0] ¥ = (I2) [p2] 28BS, A
47 —DREZF NV LT ZZ W, exp(+ih)
& exp(—if) & 0 23 Vuiﬁﬂﬁf‘@of% H\WZ
BEHKTT, bbb -4 <z<-L D
COETH-TH, K () tt( )oﬁ* )
DOHEIRA 0 DFF 525 L 7= @R D BIfR
WZHY, Hv RV (EREFE) ETEREE
HLE LCERMMTT, 2ho X BoEED %

7= HWICHRB LR OBERICH D,
F_, =Fy. (4.73)

Lo (73) DBIFRAHK D LODTT,

B72.19 B 7—
BOFBICOVT

HEPICHBESE LB L o TWEDT, EH
T2OBBITHALVOTTA, X (210) [p.2d]
R (@) [p.d o ZATh %
LBERETAFABOLDTL EID?
a72.20 [E%

A () ZUFICEHBL £,

) TREBER C EZLRBOHF

—o0o~ —11Z

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

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

73 () 2 FICEIBLE T,

1

flx) = 5 —Fe, + Z F,, cos (2mha™x)

h=—00

+ Z F, sin (2rha™x) .
h=—o00
N (@) K (E3E) 3L R TRIFARERD
FHA, X (@A) OF Y A—>avTh=10D
HETZE 2 RDE ST %5,

(4.75)

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

—%, X (EB) OV A—=>a¥Th=-10
HEFRELE 2 RDEIITHRD ET,

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

X (BCm) X () o 1HE S Lz KRS 2
& cos( ) BHHDFENZD> THHEIZED L
BNDT, Fo, =F. | TY, —J7, H2HED
LZzHigs 2 & sin( ) 3B ofF5310b % LfH

DR ENHNCIR B DT, Fs, = —F, o LD
&, ®TDF,, & F;, (w00 <h < 0) iZ2WT
XD SLODT
FC_h — FCh? (4-78&)
F,_ , =—F, (4.78Db)
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BE7221 B =R 7= IHFBUCDOWVWT
SEZRTCICHER L7=2H L DFFIcE&L DV TWn
JEBATLR, OB AR THLRZWD

T2, dLELA LTI REIOTETD 5> —F
HLLHBHLTWELEEEZWT T,
E72.22 [E&

—XIED 7 — V) TRENCONWTIEA Y X —F

FEZHLSABHLIRINTVET, 20D
WEXAYHZVEETH, 7)) ZRERE L E
KR BN L d e, BERV D7 -V ik
BEEHLTVET, 2 X0, = RTADILRYE
By, BREEHEADPDOT I BN ERMEL,

— V) TRUREE IERLRE D HFIFIE 7R < 72
DEF, —RTD7—Y ZHRBDEFHRT T—T
W) RERLT, 2k 200, = RILAL
JEES 2 Fht & CHHEED 3,

X HiAs S AReT, X8R CT, EikTHEr (F
O&ME) ke, 7—V T, 7-—VZfHpy
FRRISHSI ATV P OB EIRD 2 &, i
FEEDTOELVEES>TVET,

JHIRE D 7 — ) 2O 2 AT, TFEH a,
b, ¢ ZFRO=TTD AL f (r) (r IZALEN
ML) BRDESBHERZFF>T0wEd, R
(f4R) [p.B3) Z, UANICHELET,

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

ZZT, ng, ny, n, MEEOEKTY, K (22M)
3 f(r) &SRR, BRI D & 5 A
W7 L a, b, ¢ &HAME 3 2 M ENFR
HEH-TVD, LWVWIRTOEHBTT,

f(r) 25 BB r + nga+ nyb + nye (ng,
Ny, N, MEEOEE) CRILEZF>TW\Wd, &
WH ZeEFEABLTNWEDAT, A62DEMS
FEARE > TEH LTV 2 DI TRERVDTY,

COhrFEmLEIOIELTVWRZLIX, BZS
< ZoBBUX, a/h, b/k, ¢/l (h, k, | 1IZEEE) D
JE%Z S OB OMTREINDIZAI DD, D
EfrLTEEELEI, EWVWH LTI,
BE72.23 B foad(z)s feven(z) EIF

fodd(x), feven(x) BMDEZIEL TVWEZDT
Lion?

E72.24 EI%

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

§0270 [p.d] BEEHOR AR ZL NICHBL 7,
ERED —0 < z < co DIEE DK
g(x) XX LT gepen(z)=[g(z) + g(—2)]/2 &
Godd(x)=[g9(x) — g(—x)]/2 DFHHETZ 20, = =
— 20 B ZINBICRATZ L, ROADBELNE
=R
geven(_rIO) — g(—$0)2+ g(.%'o)
_ g(xo) + g(—0)
2
= Geven(Z0), (4.80a)
Jodd(—x0) = g(—xo)Q— 9(0)
_ 9(z0) — g(=wo)
2
= _godd(xo)' (480b)

A (ER0E) 55 geven () FHEBKTHD, K
(EROB) 7° 5 goaq(z) ZHBBTH 2 Z L2353 H
DEd, MELRELADED L g(z) ITRZDT,
RO, MK Ao TtREINS
b ET, $hbb, EEOB g(x)
EABBEEL goven () & AR goga(z) WCHFRT X,
9(%) = Geven(T) + goaa(x) TH 2, L7zpioTH
o OEEOBE f(x) &, 7—V RGNS
7 — ) TIEFEE DM TRD kS e RENnF T,

f( ):feven( )+fodd( )

FCO + ZF cos (2rha™*x)

(4.81)

+ Z F, sin (2mha™x) .
h=1

(4.82)

FodrRX—variz, 30, OHFETHEZ L 5
TWETH, S0 oHFTOMICE iR
5IENTEET, ZOKE,

cos(2mha*x),

cos(—2mha*z) =

sin(—2mha*x) = —sin(2rha*x)



4.7 ER e R a7
%%%?62?&(@) Zlﬁ‘lﬁ&: T, :CVC\\G*:l/a’C\‘TO SFh
an > .
flx) = Fco + Z F,, cos (2rha*x) fla) = 5 Tt > cos (2mha*z)
h=—oc0 h=1
S + Z sin (2rha*x) . (4.85)

+ Z F, sin (2wha*x) .

h=—oc0

(4.83)

— ) I (152), K (ER3) oVWTh ol
T“fbi%éhi?iﬂ,

F.,K6 =F,, (4.84a)
F, , =-F,,. (4.84D)

ZORRIZ, 82X [p.2y] B KU §210 [p.BT]

DFLINTHEET Lz,

E72.25 B exp DAV HEEEOICHRZ DD
AF74 D16 R=T DT D sin & cos DIFH
FLTOWRREDIETD»>7=DTID, exp Mk

BD 21THIDIRHD FH A, exp(i2rh) —1 =0

exp (i2th) — 1 = 0 TRINEFEEDLZ VDT

2th =0 L2®HH ZIRVDTETHRhA07ZDT

TIEF->oTLEVE T,

E72.26 [B&F

Gam o HELS L B BEER @ﬂﬁf
exp (127Th) =17%DTY, exp(ip) D )

DIED, CALAKRELZR5D, N& < 72%)753

T, AU AVH (BELFE) O Lz 2r FHIRT

bbb, 360° FATS 5 5ME2DTT, KD

T, exp (i) DA ¢ A5, -, —1080°, —720°,
—360°, 0°, 360°, 720°, 1080°, ---,

REZ7 A0 —F 372 TR<, KT [po o
FHFHOKZ B WH LT, exp (i) 23, ¢ Off

DEIZ LT3 o T 2 22 F 2R LT
ATLIREN,
a72.27 B 7—) kKB I3EH

fif 77—V TR 3B L b FEA
Tl SEN, BN () rokskhirs
LTWBDTL &9 D%
E72.28 [E%

—XIC TS % L JEH a D4 ToRHIBEE
JEEA a/h DRIEBIEL F, cos (2mha*x) & IETXEE
B Fy, sin(2rha*z) ODMTRINZ L WVWSH T

h=1

7=V THEDN I NOMERIEHIZTE R o
72&DTT, 7272, ZhZidTikimd 5 & A
B DRLRIEIER IS BIC R D £ 9, Tz ES]
(), SRAMCHBETE 22574 FERBIO#EHEZ
TIHBEL IS EEVWET,

JE¥A o &R AIC USRS 7 — V) =BT
T £9F2HOWBHHEHNT7—V) BT
X251k ET, DFEb—XL, 2 KL, =K
TEDH W BB LT 7 — ) ZEHEDER
TE230DTY,

FEIESHE A, 5TEE (v Pa—%—)
EHES e B TELZDT, 7V T EBERE
ETIT5 2B TEET, ftEKRTIDIRZ 2
TEFRBUIE R OB 2 DT, FEBRIKET7—1
IEME 5o Th, BRI OMBINCEEEZITV
£79,

77—V IRBOBRBEOZ s T7—1) =&
B XXz edhHh ET, Bz TX HREEX
MRANEFEED 7 — ) ZEH S WO EW
LD LET,

77—V TR, 7 -V BB, BEOFT
o bHHLVWETOLNEINH TS, Hk 10 M

DHEROPFTHRTE, POELVWERELLND
X2 DMNEETT, Hiko THWTETK
7EEW,
a72.29 B 7—) IEBOBEKIZEH,

7 — V) TR CEITR T 2 EKRIZMTL x
Il 77—V TMREUTIE, FRIREKRDSH % v
S5ZETL & DD
£72.30 [E%

HEFBROBEHTRLTWVWS Z 2D TTH,
Ef (EEEOBR) PRI BVWEETH7—1) T
TG 5 RA B, LW — 2 EEHNIC I
Z0WDTY, 7—VIRH P, 0% 17—
TG rwokh LET,
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B72.31 B8R 2 RyT, =RJTT sin & cos FHH
woh

7 — V) Tifde 2 Kot, =XOTITHRRT 5 BRI
iEsin & cos iFffbRVWEBoLe>TWVWEL
B3, 2 RIC=RIT TIE AR & (BB 7
B2ZEMTERNVEWVNS ZERDTTh,
B7232 E&

ZH5TIEHDFEA, 2KIT, =RILDT —
ATH 77—V ZRZENB L EEHRBOZ 71T % 2
EMTEET, L2LESTHE, ETOdR
ML TE T, ERBERDELEI,
FEEEAI Z o T exp (i) exp (i8) exp (iy) =
expli(a+ B+7)] effiBiCidbTE2L 2%
(cosa +sina) (cos f +sin B) (cosy + sinvy) @
NI EZ THEMoER 2o Tiddd s 2k
BAAEETIED D EXA, 2T, a=2ra*z,
f =2rb*y, v =2nc*y TF, LrLIZARME
D7z SBEEMIKIENTRBTL X290 TIWVD
HE L W EMERIEAIZZ O Tl TE S £ S
o TLES, I, £47—DRADFEL
ETAHARDTY,

—RILD 7 — V) TABTHEBBEROEF]

SEBEME LIS, 2 KT, ZRITNDHLIK

&, FEBUERIDEZ 2 EREBERTE2H S O

DEMIT, DI bIEHRRLHE, IE

BRBUCRE S Z 23RV TL &y 9, 20D

T, BERE A A T —DRADEF]

XEHfEL=5, cos, sin &l 3 v

71 LEL &S,

E7233 8f T X—23>) OEKEED

X#R CT FREOBMHDIE > X —>arv) &
WIOBEE I FHoTVHS L2 WELEAZD
B RA=a Tl x5, ARNTAZDT
I, OO RIPoTOTHML X T,
7234 [E%

¥ X — 3 ¥ (summation) & [F1) NE LE)
EWVWHIEKRTT, Y (¥7~) Diksx2fi5>0T
TH, PHECECIIHEICHTL 20 TRIFEX
TRV,

H7 ZADFMHERDO LYY — FiZ 1 ~ 100 DF]

% 5050 2L BERHICRT R L7 8 WO D03 B D 55
Yo A—vaviBeiioTtEL L N0 =
101 x 50 = 5050 ¥ &b %5,
E7235 B EELGXZEzRL T TV

7 — 1) TRBUC DOV T DO 8 E [p.eh] TH2,
ARLD D ENDPEBELRAZDO LS DD
FHA, FICHERAPHE LTWaRAZE Y
77y 7, b LIIEHAREHI DX SICLTY
72720 % EER LT VT,
7236 [E%

ZFDEIWTLELR
E7237 B F, cl3fATIh

F7R (I12) [p.29] TEFLLL F), IZDOWTT
T, TRREDES REZRTXFRDTL &
S0 F., RO Fs, 1, BOOHTIX h L
L7z cos & sin OHRIE, & W5 @RZDTT D3,
ZhoRRLADLELZICE->TTES F &
WS EBITOWT ZHIRFEV 2 WT T,
7238 BE%E

F., BXUQF,, OMEICEL TEMEWD D
FHA. f(z) DEBCTHE2HE, F.,, & Fs, d
FHTT, LHL Fy i3 (BET2) [pe9 o k51
Fp, =F,, —iF;,, LERINTEBHEBKTT,
7 — ) TREFE EEREBE»H A X — ML ZE
L7y, A4 7 —DRA %o THBRFRICE
XEZH5LLTVWADTY, ZLTZhIickD,
7 — V) THBIIIEE iR I E SRz o g
T ZIHAAT—DRKDFENE ZAHTT,
T7239 B f(za+yb) ICDWVWT

f(z) = f(za+yb) &3 2RLEZHWD TAT
DTITH, ZHldar+by =0 FETBETHS L
RLTIVDOTLESIR?
L7240 [E%

ZHRBELTEEVE T, 2 X0t AMEDH
ot ZATHTE%K (B39) [pB2) ozt
CEWE T, ZAZMNCHBLET,

fl(x +nz)a+ (y+ny)b] = f(za+ yb).
(4.86)



4.7 EH kA

49

ROZEHEEBETICTEIIEL LR LI
"hET,

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 2T 2L
f(r+nza+nyb)=f(r) 2IT, ng & ny
FEOEERTT, X (B=2) 1, 2 Koo
BE o TWBMHHEIE, ZOHWEHITT L, 20w
FOKTT, =XCIEALTHRKTT, at b
DEEUED 1 THEEZTEVTSH f(r) DEIZF
CTT &, W52 TY,

BE72.41 ER] exp (—i2nt/T) ##IFBZZ LIZD
wtT

RTHAZDTITHN 7 — V) BT 25
exp (—i2nt/T) Z#F 2 A0 DH 57D TT
DT AIEFERDOFRIZF TEZTVEDTL &
9 7
E72.42 @E%

EEZ T TR EID FLEETT,

t DFLER T O 5 EBKHERT Z L2200
TEZ 5L, exp(—i2nt/T) 2T 2 Z & TR
Bz L TCn3 0 e RnET,

BREEFTRO 7 — V) TS f(t) R f(x) B
FBTHZ DBV TT, 2L 7—V il
DFREERBUC L2 D EFIINCETE S BT
DFRRHIICR DD TT, FROBEBEEREEK
RD 7 — V) TRBUCREFAL TS F_), = F OB
"3 5D T, WEDELFIEERCRD 3,

Fy, oA (FfA)e 11X, FIFEEREKRD
HHET, ) = |Fplexp(ip) £ 35 Fypy =
|Fy|exp(—ig) ¥ 2D %3, F, ®EYL F_, OIH
ZRLEDEDIERDE ST X,

|F},| exp(ign ) exp (i2mha™)

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

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

FOFHETHTL % cos DBEEIZ ¢ = 0 THH
XBREET DY, —RICIE ¢ £ 072D T, HEEEK
PO ¢ FIF AL TWBDTT, |Fy| 512
TR THAHEA ¢ DRBoTWVWEZE 77— T
Wz B L ZORBIERGESDHDITR
D¥ET, £/, R (E220) 2053 (ERRA) NDETY
W =ZABRBOMEEHEE2H W TW2 DTN,
W CAED h &+ cos (2rha*x) & sin (2wha*x)
DIRMELLIE cos (¢p,):—sin (¢pp,) TH 5 Z & D357
DEJ,
BE72.43 EfE AR OEED oo THBZLICD
(AN

7=V 2D % T 2RISR EREE
+00 TITIDLDBARIZIZ Lo DT RVWEZA
BHDFT, FLLHALTWRLEITEEAD,
E72.44 B

—RITD 7 — V) THENE—RITRD & 51Tk
nNE9,

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

h=—oc0

(4.89)

BEIIE oo DY A—2ark B3I LIET
ERVOTHRRHFATZHLT f(z) kD F
T, BIZIEX B3 (a) [p.BO] X 22 (a) [p.B7]
DR RD T2 WD TS, ME3 (h), MEa
(h) O XS WCHERLEFHTITBY > TH, TTOM
BoRE TR 2 Z e AT EF T, REICEE
BT R E T 258 b AR EH TR E 2T
HBYIDET, oo DY U X— a0 DT
W22 dDTT,

E72.45 B X {#EREERITICT — ) TR
ZHVWS DOV T

X gt & 7 —V 22O BHEMEICOWT T
T A X HRD Z & 2RI EDRETH)
DTTHDB7HDNVENEZDORHEMER DO DRV
KT, 7V EXRWOMMTHEAZIH
5HDTITN X HMOPEHRDDIMHESDTT
Do T E HIKOURME - FIFI N % 72 DI2fE S
DTL k9D MPVWEZATIHEZTWE
FHUXD D BTN T T,
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E72.46 B

X A S S AT T ISR N O E T o(r)
Z [HE Uz e LT f->TwES, filx
XD Z Db DTHIUR

D = Dexpli2n(vt — K -r]. (4.90)

BREERLET, HAER, 2B5HDH 5 0IZHEH
oS 2%, LoRXo L5z, R &L 2R
BIHY BN M K2 IEHEEZE > TV
T FIC X 2 IREIEHZ AL TRRTH L
bHDET, v IZ BRI T Hz(~ L) T
RRTHIe0HD ETVEARNLREAIL [s71]
T3, v ORD D ITHEEE w(= 2mv) Tidid
T2HELHDET, KEOHEAIL [s] 2D T,
MEOREINS ¥ \EAICHRD £5, K IXEK
ARZ PV THAE [m™1] MENRZ b LA
[m] T, ZhoOfEX, PP £,
M) 123, RS X 2IREZES R #i L7
W 5bDRE LR TLIEIV, BTEED
¥ p(r) dFFILLZZETHORD LS IT7—-V) =
WEEBTE 3,

p(r) = Z Z Z Fhriexp [i2m (he + ky + 12)] .
hoko

(4.91)

DLRRZLVOTTAY, M ERTE M-
TReLTOXHoMHEZaY o —LT 52
YyHHET, HlRE X BBHET Fo ity
7 RYED X BTS2 D JEHT R D 7 % A
LT, XRORECIREZ 2> ba—3 25058
FTF, BREED X itz fERE PR G I &
THIEHTEXT,

E72.47 B 77—V IH/B T S—BRAICD
Wt

X @I0 ped) 75, 77—V L WS DI
fx) ZIABPLTRLEDBDEWVWS ZTL XD
e Elz, ozl 74 7 —EMIZEITY
2L Bo7DTETH, 747 —EHIZ7 -1 kK
BO—OLIKRbDRDTLEI D, 7—VU T
W e 7 —V T DBND K 3D 0 TR
D7 —V THE Y 13X 10 [p.ea] oAAERL,

7=V LR f(z) ZELTHELTV W
5Z2TL & DD
7248 @&

2020/6/15 O 6 B OHFET, 7—V K
DI =7 v —1 Y EHDIVRIZOWTOIHE
FREZITo720T, EilzZHwordHhEE
Ao TAZ—EM (v7u -V VEH) £ 77—V
BT LD B DTT,

T4 7B (v7u—1U YERH) IZO\WT
B E [pm o (B2) [pM IZFEiR Lz &
512, FREMDAIRER D 5 2 b 5 W % B
o pana™ TRIND & LbDT, 2020/6/15
D 6 M OFHEFZ T, FHBERD % 2FI5Tldi
Mmole, EWOEEELE L,

7 — V) THRENI A o D B &0 2 B
JEHA a/h O =B OMTRENZ LD D
T,

B72.49 ERY exp (i27h) = 1 DFEICOWVWT

AF7A4RD 16 R=IBDTITH sin & cos B
B LTOIRREDIETLoTDTTH, exp
BED 21TH20RHD F¥ Ao

exp (i2mh) — 1 = 0. (4.92)

TRINEEDRZVDTi2th =0 LAH D 2%
VWDTTHRh#A0ZDTTIEZF->TLEVE T,
E7250 B

HmroELLY W DTEEOEH T
exp (i2rh) = 1 2D TTF, exp(ip) DEIX, ¢
DIED, CALARELRZ 0, NS5
T, AU RVH (EELEE) O L2 2r FAT
“bb, 360° HATS 2 5MH2DTT, BRD
T, exp (i¢) DFA ¢ 25, ---, —1080°, —720°,
—360°, 0°, 360°, 720°, 1080°, ---,

KXz 7 v —9 2720 Cx%<, KNI [p.0O 0¥
FHEFHORKZ BV LT, exp (i¢) 23, ¢ OfE
DZEAZ LTz 5T B 22 FRFBE LT
ATLIZEN,
a7251 Bl 7145 —BRAL7—UIH/KKID
WwT

X (Z10) [p.ea] 75, 7=V B Vw5 ik
flz) ZEMLTELEZDBDEVWS ZETL &S
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Mo FRhofMeind 74 7 —BEICBTw3
EBoDTTH, 747 —EMIX7 -V K
D—FEDXIRDDIRDTL & I 7—V I
B 7=V B OENB XL T2 TWRVD
7 — V) ok e 3R (1) [p.eg] ofAETEL,
77—V I f(z) ZELTEHEL TV W
S5Z&TL & D%

E7252 [E%

f(z) ZaaECkD IS5 LTVWBEDIE, £
{ZD#HTT,

2020/6/15 O 6 M OFHFET, 7—V K
DINHE <7 v —1 VEHDINKIZDOWT DA
FEEITo7-0T, RiLZHWZO»rDHNEHE
boo TAT—EBHE (x2u—V VER) £ 77—V
ZHBII LD B DTT,

~7u—V VERMI, FBE[pM™ THAf F—
DARRZE T2 HHNZ T I > TVWER T,

7=V D, REDEBRTTD, FAa
O JE B E R EROH, A o o =M%,
a/2 D=, M a/3 D=, A a/4
DA, - M a/co D=AEBOMTE
ZF5LLTWVW3HDTY,

550 DX I3 [p.BO| X B2 [p.B7) 1T, #E
DFHEEGRLHEFA T B Y - 7285812, 151
DO LERE N/2 #KELTHUET 21ZETOHM
BIADOWTWLRFZRLTVWE S, EEay
Va—&—%foTHHMROMBE L WS DITKD
5ZLIITEY, EIhTEZITHY > TTO
RIS f(z) Z3EBINCkD 2 Z 212z h £5,

PIEEHRIC X, BAEK f(x) ZESEBINIT X 4L
Td, f(x) OMZERE F, Z KRE2MED h FTH
HTEZ220WS D2 L2HZDTT,

T7253 B 7—VIZBRLS TS AEHRICD
(Ake

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

E7254 E%E

77—V B OWTIE, FAEREDHERT

HofeZ d i, M¥ETRLE L, &R

HrLTHWEDIEX, o165 Web EDOREET
L7,

7T T ABHFICOVTIEHERTE > DT
2, B A0 EDHIDOZ LT, TobhEhTL
FWE L7z

7= MY 5T 5 AL W R e g
COWREMPEZLDZETITH, YOXIITHEHAT
200, FOMIT LIS DI EEA, £D5H
FHARTBEZET,

B72.55 B FILZBEMICDOWT

SROFETOEMEIALINTLESI 2D
LNFHADPRICRE ZERD > 7D THMW
LET, RFHTHED EHICT7—) L%
EZBBRCTNVEABERENHALTEZSZ VI B
DWHYH, 2o 7 —) L W7 —) Tk
PUCOWTEHEZT-> TWBIHHELIH D T L7,
L2L, ZD2200BREDNS £ 0hDH TV
WIRIZZ D TRtV 72 2 e e vk Lz,
7256 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 AT IREROMEZFD 77—V
T (EARBOE o % —co <a< oo & L
TeMifR) §5 & —o00 < h < oo OHEIPFHTER 1)
ERAHEBTT, B, 7V BT
FhI3BHTHD, BEREIREIEE 2D T3,
7 =) IO TIE hI3FER e D, TR
e 77—V & H Lz 1) OEFRED +oo D
FRITHRD T,

A, X REENS O BB EIC 7L X B O
REHEEZTOETN, X, Howd A4t
Ao XRERETLZeTHY, ARA
AEIREZ R OEBED X fEE 2 I3MIIc Bk 3
STEMEREIE SN E T (KBS [p.BR] ).
BE72.57 BRI cossin ODFRAICDOWT

K (I28) [p.BO] DERFIERD 7 — v ZFZEK
DFEDIEIZOWT, sin & cos D E D
2T THBHIWFEINOREZDTL x5, B



52 F/AFE 1 00,2 Kor,3 KoTDiwikg 1, FHAREE Y 7 — 1) =ik

DO TIFFHEFRFRON (2) [p.oo] IZH 2 X 52/
HMixh/a 2 BoTW/=0T, FENRI DD
LNFEAD, TERIET S LHEWTT,
L7258 [E%

HOE, XD [p
HRLFET,

ZOMIZE, FE1OMAMICTHD X, [
Z1ET2ERE, 2rr THEABNETH, VWE,
r=17%0D7T, ZOM%Z 360°, §4bb 1T
rEXE kD ET,

fafEE () T3 rad TRILE, 0
FE1OMHOBRRTERIREDIDD £7,

o 2B LR ST

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

— MR RFED 7R VR D [rad] DFLE I3 ENE

LET,

7=V 2R RD LS LTV DN
X h/a TWE%< a/h T, 2%, Rk
FHAYTT, AIIEEBOMERDT, m] O
Mo TV RREND D 3, [s](F) DHAL
ZROZDHDET, lJa=a* LERLTE
DHEAE m] BwLiE 7Y T3, X (Ea)
[p.28] 2\ LI (E2H) [peg) i<z = 0 ZRA
2% cos DFHDHEIZYR, 2 =a BIRATS
¥ cos DHFHDfEIZ 2rh T 360° x h 272D,
1 [p.0] DD L% exp(i2rha*z) DfEI%, <3
B hE, BEET 5221272 E T, cos & sin
DIES h [\, RENITSHZLITHRD ET,

JEIHIB =B R T 5 & 21d, FE2UM b ¥z
To7D KD DRR I LWERE T I2HEDND
5DTY,

a3 [m| DB ZHR > ZBIETH D, o* 1
[m~Y] OHN &R - 72ETT, cos, sin, exp D
HEAIENTH D L IR L TERTAD Y
SV BN 2R o B P ZF v 7 LTATLE
20,

a72.59 B Fs, ICi B2 DRRABETTH

#FEgtoX X (O8) » oK (EI8) [p.ay|
WKEEMZ GG, F, Qi o EHERDbR2D
FHEA, TZETOENIHBIL D TT,
ZITHEHWTLE >0 THEZBEWL =W
T3,

L7260 [E%

A (E18) oFT $(1/2) 2 +(1/2) KRAT
LE-70RBVET, i 2 Y oficAnT
ExWDFELL,
T7261 &M 7—
HBDTIH

7=V T THOFDIZIETTRTOH
Bor EE N OREROAFI TR Lz & (7
Y TR EUER) OBEL &S IR CRIE R W T
LoD, EIODELWEE, 7—V ik
WEMATEZZRVWE S REBIEHZ2DTL & 5D,
CHIREE72WT T,
E72.62 [E%

T7—=VINT7 =) IHRBEDTA T 7 HRKLL
L%, N AY2TolEy F=AB%KoMT
RIND, LHRL TYROBFEROKEFHED
LRI KS5TT,

7=V THEICERTE RV L S RERED
ZBHNT, RIS, FAZd oD F
FhAo LhL, 7-VIZDEZDPIELroI L
&, VHEHHoRESE 2 RAUIHSHTL & 5, B
HWZECEL &9,
7263 B fIENY FILICDOWT

7 — V) THED 2 RITR P =RIT DI H
T&E7z [ha + ky(2 Xot)], [ha + ky +12(3 XT)]
WDOWTRDTTA, ZAUIH S RUIAEFD e
HEHRERTMENRY MLEWVWSBRRTE T
WBDTL & 5D
E72.64 @%

r=za+ybRWVWLIEr=za+yb+z2c T, %
NEN 2 XTB X C=ERTOMENRY P LT,
h = ha* + kb* %2\ L& h = ha* + kb* + Ic*
i, 2 REBXP=RILOHFEFXZ P LTI,
h-r=hr+ky2WVUliE=hzx+ky+I1lz T, &
HBMOBIIED ET, hk & z,y, 2 DRETIE

) TH{RBERTITRVEHD
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HHEEA
E72.65 B 7— ) IRBOFRBDORDFIZD
Wt

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

BE72.66 @&

N (E28), R (E28) [p.BI] & Z ORikDid
EHATATKEZEI WV, 1 AT ESTT 2L,
h—h' =00t &AL, REILT (0FEhH 7
Aol AFRZHKR -7 LT)HATL
FI5DTT, HRBHEDTIEIRL, expl | DIRES
EHIS WA THhR A0 T3] TF.
E72.67 B 7— ) IRBOFREHERDZED
BREEICOWT

F727 =) BBOFHBEICOWTOERMTY,
—RILD & FIIMTHEHAD —a/2 ~ a/2 T, T
VXA a 725 6 2 OHIH TE T HIGT
X2 TCELDOTTY, ZRIL, =RILT
—1/2 ~ 1/2 12> TWAHBEBRDLR2D $HA,
ZHRENOBNTH S B [JAH /2] 1272 570 HEH
WEATL & 9D
7268 BI&

Y55 THRMARER DT, —RILTI,
r WCHMZHRE TR L TWE DI LT, =
RIt, =XILTIE, a, bW lLida, b, cITH
MEREE T, y2WwWlide, v, 2z ZHEHEMNE
L7ididz LTWkd, — XL, XL, =Kt
T, WIS RETHIPIE 1 FIHTY,

27269 B 77— IRBIHESDOIHTITH

7 — U TEHUINER R O AR TR T
T, BEREEEERI LD, MOEST %
LRI LD T 37-0DEE, vk
EWRWTL & 9 D%

E72.70 EI&

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

WET, WHES "R 7 — ) THREICE DO WTER L
ez, REHEHD FEA. Lh LIEED,
7=V B HNTITS 22 bR Tik5Z
X, 2o@Eb e EVWES, 77—V HnT—)
IRBOFEEFT-DIX, BREBICOWTHFEH
DEETLR. MADBRHRT oD A
£9,

B72.7]1 B R TIEBUIT—VIEHRTE
BULDTIE

(7 =) ZZHWTERVEBEH 2D 20
SHEMEHLE LD, —EDEMTRE->TL %
AR THRRT 2277 73RETERLVDOTIE
BWh, EEZROTIN, ZOFTEEH-TW
5TL & 27%

E72.72 [E&

fEP Bl Z X, o™ (n > 2) ¥, FEHLTL
FW, 7V ZEHI—RTEZ51CHH ¥R
Ao 7=V TN NFL AY DR Z=ABKD
R TE 5, LFRLEEE, 2"(n > 2)
RERRNT 27012, Z5VI50WHAELED
HHHNEE A,

L2L, 2™ O D—E %Y1 h - TJE AR
BrelEs i3 ceEd, 2hdy—V ofiguc
BT NTERIETTY, 7—V LMy
WS HDH T — ) MO I T R KICHEER L
72D ERINTVWE I EEEBTHL 2™
D7 =) TEWMBEET 2T T,

HRETIX, ~7u—V YEM (74 7—EH)
S R E M OMERFTE, KB [p.eo), XE2
[p.21], X B3 [p.22] X5 CHRRHEHTITS
YoT, FHE T~ e —) VEBTZ2L
WoHRRE L X 3,

HERRAEL, oo DEFRBME WD DIF, T
FET 2 ey o k5T sy, chz
ZIIAND Z Lo TAHA 7 —DRRDFEAT
XRZeEEZDE, 2" D7 —) B -,
+oo DERIBICFET 2 TLEVRET,

BeroMFcZ 2 g THEAD T2, 3T
HDEIIHR-TLB2DEKLET,
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The next page is the begininng of Chapter B
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EHE

R KMILDEE

51 KRNI MILDEE

511 NI MILOWIHEDER LFE

B0 ICiX, 3 KILEMTD 2 0ORZ ML A £ BAWRLTH %3, e, ey, e, 1%, ZOHCEFR
ERTELXENNY MV TH B, 320X MO Rl (e, +e,+e, DFH) 26 R T, HFOHE,
ANZELEE, PO L5 1ERY P A ORmMA KGR O ¥ 2I2HFR, Thodor 23 EFRER
%o HAIRZ PVITIZEMDZL, EE 1 ORI ML TH B, A ¥ BOEX (HtHE) |A| & |B| &3

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

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

Ay, Ay, A, BEUD By, By, B, 13, X7 M LD ey, ey, e, HADWITTH S, KBEDF, e,-ey e, E
RIEIEEE TOMBEZRTMENRY PV TH S, MEXRY PLVORIE [m] OHAL (T4 AP ay)
BRORN T —BTHD, LOLRYZ PIVOHA (T4 AP ay)d [m| TH3EERLZWV, HE
THIUE [ms™ TH 2L, MHEETHIUE ms2], HTHUL [N](=2— b, kgms2]) TH 3,
F72, ROETRTHE (RZ PIVEH) O K 51T HEIC X o THABED 2 DO ML DIEIZZ 25
BoH 2, WREETRZ MVEERTHILdDHD, ZOHBAOHAME [m™] L2, AHTF—L R

51 3XTRZ ML AEB
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ML ODPFEDEE, AHT—DEERB XY MUDBENARY MLV THZER, AH T —BEXILT
HHONT MLDBEMEROGE, AHT—e X7 MLOMADPEMEROLEND 5, HEREROT 4
XY a VIR U TRIFIUIRR S0,
512 RV MILORFE (RHF7—H)
ET2.1 NY MLORBEDOESR & 3HER

N7 VA ERZ ML B ONEIERD XS ICERS NS,

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

L&, WEIDRZ P THE5EIENEERTHBEL S TH S, L LEHIN RS 7 —TH 25513
B pf%E£T, v & KBED [phl] WHRTRLEEI, At BORTATHZ, AH7— |A| &
|B| DREICIESHIERIDL D 3072 D X7 ML DOWREIZ D RD & 5 R AZEERNDEL D 37D,

A-B=B-A. (5.3)

122 NFED S ESER

672 (a) IZIF, ey-ey-e, ERHEIER, e, M TFATRARZ PV A, ep-e, FHIFATEARZ FL B
B, WO TH3, chze, BLUe, HADSREDD, KED (b) BEY (c) TH5, B BEHINY
FLOM Bi+B, TH2 L E, By & By BT LD ep-e, TH EICH 2D TiEARVA, KE2 (b)
BRI 5, X7 MLOAREIZIE, RITRTDEERDS—RICE D LD Z & 3T X 5,

— |A|[By|cos 71 + |A|Bs| cos 7 (5.4b)

E12.3 BANY MLORE
WHEDERN (B2) 225 cos0 =1, cos 5 =0 ZFRELTHMNARY Fle,, ey, e; DAREZFHET 2
ERD K ST 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 RRDEHER
X (B3) TrREhaEER e R (63), X (68) R 65X BT [p.Bd] D27 L A, B ONiEE
AET3 e

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 75 A
B
AXB, N
N
\ : 2 E
" = =
A B = B =
€ e
(¢ B 24 Z " 3» €
: B, oY 7 A
X , Byl sin 71
AXB, [B,| cos 1 [B,| cos »
(a) (b) (©)

5.2 At BHRELIHME, BIOSEERL (b) & (o) 3Ehzh, (a) Ze. & e, DFFIDS RN

FoRX (B2) ZNEOFIEIC—EICHWs 2R TH 2,

e, €y, €, DEXTLZHM~RZ FrThb, K (63), X (60) OMBREBEAETS 2, otk
WREOFIENRE, X ETE) O X5 IEFICS Y TNk b, NEEZHET IR0 AR —0hE R
ERORIULAX—LEN 1 v 272D TH 30, TOFEIYHEZIBOTLIELIZES T 2HEE
FETH %,

AR EERET 2700 ZOFEIX, HOE [pLa), HEE [poE T TEERT 2B AV
TW53, W TFHEHARY ML, EEEORT L OWNBEZHET2ET L LA -1, 7uX
R—LHBEB L2 XIITERT 5. KT, XBORIEME, BLU7 -V oz iliRs 280
LD FE L LTIERICEETH 5,

5.1.3 RI MILOAE (R ML)

E13.1 ABDER
B 50 [p.6A] D27 PV A & B OHE (RZ V) IFRD LS ITERS N,

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

R (BER) HAD e, ¥, IED ITHEBTRLTHD, At BOWTHIZHEET, A, B, e, DJHIC
GFREBRTHARIZ VL TH S, N2 22T 2L, A x B OfftrHElE, JRR O, X7 bl A,
A+B, B OREEBIETIUIEOEBTH 2 Z 005, A ¥ B2 L e, DHAIDKEER
T B0, N7 FARIEREGEANIBOI LRV, $hbE

AxB=-BxA. (5.9)

B13.2 AED S EER

MBEZ(a) T, AxB, AxBj;, AxBy I3, A B, At B, At B, #%F 3 ¥
WHET, ZHSOHBOKRKEXEZRHFONY ML TH S, 3 DOFTHUAIME, —MICF—FH i
VAQTAN

b2 (c) 1, e, AAHSLRIEMTH 2, KR BEOEHA=MEL e, MICHET 2 X 5 THWTH 523,
IHBEMED (a) ® B, By, B, 20t ¥ 3 =fE% eye, THICRELEDDTHS, TNb%
90° MR X B R FO=ABEMOTH 20, e, x B; & e, x By i, By, By D ey-e, HADH
HERILRIWCR S, Ko TREBOEA=ARIZ, ThZNERITHS2, ZOZLh6, e, xBy &

TS UAR—A] WS FEERRETIZRWD, 3Ia=Fr—>aryy—Lr LTERNTH 27D AR#BFTIIIHZ
TZOHETHV3,



58 BHE NI MLOEHE

e; X By D e, 7E, AILKREXTHREZTHS, %7, e, WTOMIE, =AFOERID |B|siny
THBZ DT b, TR |[A| Z0TF2ZLI2ED AXxBAERDLENZDT, X7 FMLOAEIZIE
RNTR T BLiERID — RIS S %,

AxB=AxB;+AxBy (5.10a)

E13.3 BN MLONE
NEDERN (BR) [p.aa] 225 sin0 =0, sinf =1 2EFE 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, (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 (E) cREhESEEN Y, R (600), R (E12) OBfE» S, MED [phd ORZ 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) 34O BRI —KNCHWsh 2K TH 5, X (B13d) @ | | 1 $THRDFLET
H3b, THUTOVWTIIN IR [pR3| R (CR) [p.&3| 2B,

PAE 2 EoetiEre, X (ED30) OAMEDRETIE AT LA R —2IZERICR D, 7R -0 T%
AHET 2z B,
514 ZAAS—=FROVEM

AH T —ZHEIE D E [p.LaE), FRE [pOH OFLRT, 3 XTOFMFEARY M2 ERT DK
RETH 5,
bId41 ZAS—=FROER

SEH IR WARZ LA, B, C (REZZR) WRLT, AA7—=FHf%Z A- BxC)D&L5K
EFET D, XZ ML A ERZ ML (BxC) ONETD %,
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3
,“('D

|A| cos gA

B+C

K53 A, B, CORII—=BRINSDRT bLE2HEL T3V 6 BEEDIKETDH 3

ET42 2H5—=FEROEAAEHH

M 63 13 ey-e-e, MO ep-e, H EICAZ ML B, CABD, X7 L AZZOEMICIZE
WELTERIL TS 3,

AEDEHEN (BR) [pbl] LA ->TBxCRitHET 5L

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

TZTalERBIWCRT IS, RZM B CORTATH?, FHOk, X7+ LB, B+C,
C ORERTESN Y T 3 HTINAFOEIOE XX |C|, E&D |B|sina ZOT, ZHADMHME [m?] OX
XXRFL, Hhade, DRXZMABBXxC THEI BT b, —H, NZILAte, 0Ok
AP BZITRT LI o THDLE, |Alcosd DENTHINFAT 6 HIADEXITR D Z D53 h 5,
L7 TA (BxC)X, A, B, C 2823 23F7T6HADKAETS 3.
ZDVAT 6 HEZ MRS, ey, Pl EITRZ ML A B, RZMLVCE AWFET S
E21CLThH, AHREZENTEZDTROAXDED LD,

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

A+B+C Offlair o Rz =, 81, H2, H3OXRY bMLOKAEHKEEEHE D ICEF L TW»
2%, ZORICGEFREZRLTWVWS,

A-(BxC), C-(AxB), B-(CxA) B\WFhdIORERMELTED, 207 —=EHZ
EDfEE 25, 81, B2, 53 DOXI PLOREDBREEIDICEIL TR e ZEFRERD, XA
5 —=@ERTADMY 25,
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A-(BxC) ERORTHETE 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 FRFEERI FMILOERERICOWVT
F20.1 ER AEXBD [poI DL SICEETS
DhH

HRED §I [p.aa] T AL N DREENE%
PN FE LA, Uit (82) [p.ad) 2 &k %5
BTFHEART L a*, b* c* DERDIDDFL
Too 7B, DDXSITERT 2D, ERDEK
WOWTHZTWRRITZEFENTT,

B2 1.2 B

a*, b*, ¢ OEXI, WwFEERON (87) [p.a7]
TIT>TWVWBDTTA, 24U, X (BR) [p.ag| &
= (R9) [p.BR] A D DK 51T 2B TT,

INBHDADMILT 5 &k 5129 51243, X (BD)
[p.Hl] DX SITERT S LLRVDTT,

#FBOR (K2) [pa] 253X (B13) [p.og]
DERE, X (BI2) pm] O ITEI I v R X —
LEFET, RIVLAR—LDERICRD LS
T37=9TT,

R (BI3) [p.ma) 138 & 2 BT F A8, iz
X a -b* RERELRTRWEEZRD X (BI)
P09 OO EIIBIRIC SRR £T,
FEkica-a*=1,b-b*=1,c-c* =1 OFH
MOHALBZEIFFFENEYA, Z2O5RDETY
TORFFEMHETH 2K (BIA) [p.oU] ofA»EE
BTohidhiZ oy, 20 REPHhTLE
I DT,

BIRIROE R E [p.oE) T, BRSO D R
TWI Iy FOEEEEIRL, —RIh i3
WKRAB IV TORNFEEDF2, 77 v 7Dk
e FMi7Z e ns 2 BRL, 7V TOREEE
oI NV b DRFEEZEET 5, S FIE
EATOET,

IV N DRGSR 7T v 7 ORGSR DE
ficd s LIizoVTIE, #HFRHRD §8332 [p.ud]
EHATATLIZEW,

522 B2 AFREEFRICOWVWT
6221 B AFROEHKL I

HRE [pHE X7 FMLOHBICTHTRAET

ROBHEDBH N LD, GFRBEERL, £

FRPAZRT IO LD, 2hth
MY DRDPBELSDNPYERATLR, IEEA
DA ED K BHEDDH 5 DB TNV
EEWTT,

67702 @&

X, y,zH5WEa, b, c DFAEHETFOH
6, NELE, RO LS CERT 20D
HFR, EFORUE, NAELE, TR0 X5
WERT2DNEFRTT, MHEPHET
&, FEAEDHE, BEDOL D TTIFATF
RICLET, HloEWhET2L, x+y+z
DHFM»PLRT, x, y, z B KEHEI D ICH
Z5DHEFRTT,

GFEFIZ, BEWVICHICE L 72 & 5 2BfRIC
HY, WEREL BERMECERL LD TEX
B A, LFOWENRT, GFRODTRODPE
FRODFIHROIZHRT 2B LIELIEDD
£9,

EFRPEFRDPOMENZ, ¥5 1V F 4 — (chi-
rality) £ W, ¥ 4 FRF 4 T THAND L 205
DFIF Y & vl T [F) Z2EKT % (cheir) 27
FERTHZ, tHLE LT

2001 FFic, BHREBIRLED ) — AL EE %
ZELDTTH, ZEMNRITR - LHEIE TH
B DORIH WS DT U, [Ff) ©
X, ¥7V 74 =DBD20F (FI7LVEGTF)D
56, RARTZLEART 2METHD, K
D) —NVEZZE LT K5 I1TiD THEER
DT,

LINVEIVEEE WS EEEMWI DS
LROETY, RoR) OFAKI TS, L7
NERI VIR FIGROERICH 57 FH, D 7
RIVEEROTTD, ZAUERELH D 8
Ao BUNRTERBRLTWS T I VBB, 7
VT4 =R Y Y PAMITRTL 73/
T3,

BAFEan, AP TEOE ) P a4 FIEEH
) W03 HHE L, THY F<A FJ X
KRN ZHEREZOTTAH, MERIEY LTHER
BOEF IV T 4 =R TFRETT, HBO
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BHE NI FMLOEE

BIRIC D 2 50 FIXBEIRIE D) = 372 W IEH D 2o,
KRR O D IRA S 3 L IRIBICH A RET 2
EWVWSEMT L,

PHETHETDH, F7V T4 —OMBEIELIE
LIRS 72D %5
523 2 RTOFEEFEERT FILOERICD

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

R (E32) [pB2] ¢ ZEFET 2K [b| THI-
TWE L7, HZHIZ 272971345 |a| T
HoTHHEUMBRICRZ VWS ZETLEID?
5232 @%

ZD@ED T, |a] TEHloTHHVEEA, [m]
DT 4 AT arvetiolt ’TADANZ—TdH
AU TEI> THMDR VDTS, |a] RV LIE
Ib| TR ZE LAFAuE a- (b x c) OfEA [m?]
DT 4 AT arvkRoTLEI ZLIIKRDET,
bot b ZDEIDEZ LR THK E33 [p.BY
ThbxcB&Ucxad [ m3]DF4xvTay
ERHOZLICKRLD, a* E b DT 4 XY a
Vi mT ekh, BMEEECERA.

AHT7—=HEFETH% a-(bxc)H 4Rz
B ORFEIC I 5 2 L IEFEZE LT |b| THID
HI2L0WOUME/HL % L7,

524 ZRNF—=FRICTOVT
Eo41 B XA —=FRBRBFELZRDZ 7D
ANy

AH T —ZHEEOHMHAZ WD THE, ThHE
RS HANFER- L HETEXE L, 22T, R
H 7 —ZHEREIHREERD 270D b D WS R
RTHo>TVWBEDTLEID?

E24.2 [B%
ZNTHEEVWD D T HA,
5243 8/ R 87 [p. o] DERFEERY L
DEZETHEMNE SRICHZ DD
a-b*=b-c*=c-a* =0t LkWVWkDIZ
a*, b*, c* ZERL-HMNIEMRETE/ZDTT
D, ZO725Z L TEIRHEDNFITZRZDH K<
OPrDFRATL, ZOERIIY ZTHEMX %
FELTVWZ2DTLEID?

6744 E%
% B E [p.H3] §83 [p.ad] T, T UL DG
Gl T 2BORXZ L NICEA L £ 55

(nxa + TLyb + TZZC) . (Kl — Ko)

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

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

R (BT2) 1FHZER D2 b L (ha* + kb* + Ic*)
Y EZEMDANZ b (nga + nyb + n.c) OHNE
TY, EEMDONRZ NIRRT LR T RIS
TONRT bV (BN O Al 72 5 F) -+ %
R ETONRZ ML) THD, tWHIEIDNDHD
5, ZORDEEOEBOM n,, ny, n, i3
LT, WikTR2Z bl (ha* + kb* +Ic*) ¥ DN
OB TH 2, LWV DRI OSSN
T9, 2D a-b* RED 0 TRVWERDEE
oY (nga)- (kb*) OZ 02X —AHhHEK 5 n,
WHLTAIANSOEBIEE 2D, K (BI8) ©
SMEDEIRTERLSRDE T, FAfkiCa - a* kY
PHLLTH 126XV TWIUE, T L TILX—
LbFET, BILD n, L TATIANTDERIC
720, A (BEIR)=[BH] &\ 5 KRR RRE
“hET,

WA FIE 7 — U Tzl 3 2 BRI D HE
T3, flziXa, b, c AL T2 3XITLDE
WRA%0E, X (609), KX (620) TREh 2B
exp [i2rh - r] OMTERINRITNUIRD R A,
Z 2T, h= ha* +kb* +lc* (h, k, [ 1Z¥H) T
F, expli2rh-r] ¥ a, b, ¢ ZEHL 3 2 &
BIXTH 2121, ROFEMZ I X2 F U7 D
FE A

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

x exp [i27 (hng + kny + Iny)]
(5.19)

(5.20)

=exp (i2rh-r).
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EEOBH nyy ny, n, OFITH LT (B19)
= (B20) DD LORBENDH D £ T H,
exp [i2m (hng + kny +In.)] DVEIC 1 TH
57-0121%, aa* =1, bb*=1,cc* =1
ERD, ab* RO/ u AR —-LFEET

BRI D FEA,

525 HWRICDOWT
E75.1 Ef AfE%E & 285K

HAIRZ P L% e,,ey,e, TRLUFTH, B
K[FRBRETHARZ PV RDIHENEZ L 5T
WEHDERET, NEZ L 2 EKEIIMATL &
2 Mo
E2H.2 @&

e,-e e, DIEIERERDEENLDZEH T,

BIZIEX [m] DT 4 X T arzfiolkRT blr
BHD, r=uze, +ye, +ze, LRINDLTS
¥, r=r-e, y=r-e, z=r-e, CalATE
F9, M DOF4 XUV arvERoLRT ML
h T% h = hye, + hyey + h,e, THoHA,
he=h-e,, hy=h-e,, h.=h-e TIHET
X¥T,

B [pbd] 22T 2L, A, = A e,
Aj=A-e, A,=A-e, T, A, A, A, »
FIRTE %Y, Adie,, e, e, LRTAZ ¢,
by, ¢, £T DL, A-e, =|Alleg|cosg, &
D, les| BEHEMNTRID 1 O MLEDT,
A-e, =|A|cosp, = A, EIRDFT, Ay, A,
WZOWTH AT T,




64 BHE NI FMLOEE

The next page is the beginning of Chapter &
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SRSt DRI

mil

6.1 BRFHEHCHROSHERFEDORER

60 1%, 5000A(500 nm) OYTxd % ZEFEOF N [(a) 200 mm, (b) 100 mm, (c) 50 mm] ¥,
INEEHET — ) TEHT 2 i XD F ez, BN X 2 EHT AT 28058 E 51 [(d), (e),
(f)] DBRERL TV, ML ¥ X0 UIIRKEFIC AT T2, KIEH & DM ERBH TR/ OFAT
JERRIE, BRI  FHE TR K, EEBEOMIMC X > TRAPYTIDE S TED, HIFPF
HETIERWV, MED (a), (b), (c) &, Zhztsilis X Jjm. BTZo» Y /5T, 200 mm,
100 mm, 50 mm OMBOO%@EI® S 2 /0B @R (fthh) 2Rl T\a, JHOREREEZ A\ £ L THEE
BONE L2 IET 2 DB bvE K(K = |K|=1/)\) &35, RUEETHERNZ ML K
+ Ak OIEREHAIEED S Ak /| K OfEZFTNTVDS Z8IZk 5, BB s KIgF
IR TN B 2 I E A B 2 D7, Ak iZ K CIZIF|ETH 3720, ERBERERE Jidh
%, RED (a), (b), (c) 27—V &3 2 1%, B %R L2 % 2 ERE Ak DI OFIT
KT LI R 22T 2 2 1@k 5%V, KED (d), (o), (f)i&, KED (a), (b), (c) 27—
VIZHAL Ak ) K %8 [arcsec] OB TRy FL72dDTH S, KED (d), (e), (f) EBELT
AHBeBH, APEETZEOMNNI LR BIFY, KRERMED Ak | K ZRioEP&EEhB L
WY, LEFEODREITEL RS, HICERIE, SOIRAEERTE 2 I EEFO L v X0 LIRS

il

R ol

00 0.0
ma‘“““xv [mm] Ax [mm]** s

QL

0 1000

£ Intensity
£ Intensity
€ Intensity

20 : 00 =50 50 e o
Ag, |arcsce Ag, [arcsec Ag, |arcsec Ag, [arcsec] > Ag, [arcsec]

(d) (e) )

6.1 HEEFOML > X ) o [(a) 200 mm, (b) 100 mm, (c) 50 mm] & KO[EHT
f (il 5D R L) OBfR. FOWER 500nm TH 2 LIREL T3, (d), (), (f)1F, Zzh
zh (a), (b), (c) 2@HT—VZEHWMTZIICEDBLATNS, LY X0 LXK HES
FHERCRIKDBEEIES D, (d), (e), (f) ZZDBEORTITHYT S

00 o
50
Ag, |arcsec|
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AO 90’

90’

U :
0,0 (&, 0) (1,0)

6.2 (0,0) & (Az, 0) DIEICHAT 20055 £ 7 > 7 FCHIR SN2 BT, HO7
VT Ax FANCAEITHZ 2T 5

BOMOZAEL THXENDH 2, HADTIZZ @ (NE 8.4 m) 27 XU AD Ny TLFH L
#(0FE 24 m) PRELZHOZFODIZZDLDHTDH 5,

X 61 [p.65] (iR 5000A (500 nm) OFISH L CEHEEI ATV, Thk DRI RVERK (8
) I LT, HEROURZIMOZRELTEIICEDFRIUDHEENIEONS, BRTHIHTD
BHNCHE L2 EE, RSBy F X = Mo T X— L THh 20, BHZ3HEES £ F X —
ML OBREBER T 254, 5 cm =5000Ax10° TH 2720, 7<F 27 KXKDOMTHEbLIT
W3 100 mm OAROLREFE L M UoREEESF LS5 2 $5 8, 100 mm x 10° = 10 km 25, HX 10
km ODERZARTRI 7Y TFPRBBEIIKRD, THERTOEKRT ¥ 7 FOBEFIIHEFE LAAEETH 5,

—75, BIIFAENE L L TIREIBADV N X W 26, BRI X 2HIHAARETH 2, ~—F
¥ 740 (1918/9/27-1984/10/14) 1%, % 2 KFKEF L — X — OBIFICE D FHA TV =23, 1946
FERBETHHEHCI-FHOSEREMT 2 L, EIREERG O RAEL REIC X8 2 Z gL
Too B Z DR L TIE, 1974 £ —OVYHEE N5 2 Sz,

6.2 BRFTHTORE

6.2.1 BELEVDEOOERREOROSKZEICK 3 HMREDFE

X BE21%, (0,0) ¥ (Az,0) DMIEIC 2 DUMiNTzRTKRT 7V FFE (FBRITED D BRODED) K
TEMEICER L L= RKED 5 O FHIKDOER Z R LTV, FEDHEDERZ T 2T 2 X 510K
B 4V Z—THALEITS, FHDT7 YT H& Az HEWCAIEIR 2 ->TED, 220077+ TR
ELEROM (BROMHBME) 2 & 2 X5 RSN Tn 5, BROEGE, HICTHXRTEERIRWL
DRABBPMERN 2D, 2007 T FTZIELLBREBTLICERL, BETFRETZOMEL 22D
TE2, bRAL, TOXSREHTRIIER L R 2 LB ICEERPSEOIHEGRICBLTIE, Ebd
TN 2 HIEE R 5 FIEFICREETH 2, Ax HAID T4 1% THEER  Xidh 3, KE2
DHEMUTTEENIF WD 7 4 > L BIRDIEETAORTA%Z A0, T 5, A, =0D L ZF, %
ORF TRV & BRI AT CTH 2728, Ax 2EMIETHIKOMEMMREIE—E & & h ZiE i,
A, #0Dt E, MBI (a) DL ICEKDOTHHEIZ, Az ODZMITIECTELT S Z LTk
%, LTFOFART, BRTHBEHIE DL IN2BROTHBREICOWTHMT . KIBE2ED (0,0)

*L kg 585, BIEFKSCEORM T, HMIGESRICE D EHIBVERDI VI, 37 IV EOBERIAVSATY 2,
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sin A6,
. . . . .
40 ~
\ N\ / t : \ /\ /
[\ [\ /
30 [\ [\ [\ / \ /

\ / \ / \ / \ \ [

\ [\ o [\ [\ /
>\2.0 \ / \\ / \\ / \\ / \ /
p \ / \ \ / /
= \ / \ / \ / \ / \ /

0 10 \ / \ / \ \ \
zger\/ \/ \/ \J \/
L. A . . L
Rl 50.0 100.0 150.0 200 250.0 3000
= (a)"Ax [m]
o
99 a0 A~ / 2\ \
S / / /\ \
\ /
5} [\ i [\ \ \
- L/ / / \ \
301 \ [\ [\ /. [\
=R \ [ \ / \ / \ /
e / \ / \ / \ [\
20 \ / \ / \ / \ / \ 1
\ \ \ \ / \ /
10 \ / \ \ / \ \
/ /r‘ / /
/ i \/

0.0 50.0 100.0 150.0 200,0 250.0 300.0
(b) “Ax [m]

6.3 (a) (0,0 DB BEXNLT VT FE (Ax,0) DAIEIICH DIC Ax BAIED T ¥ T FT
MRS N 2 BT WFHC L 2 FE, (b) BESINLT VT FHZELBROMHE 7/2 85
B 2OTIHRE

OMBIEE L7 Y TFIRLT, $5—2D07 7 F5 (Ax,0) DNEICH 2 L &, HEEDE
¥ AzsinAf, TH 53, (0,0) DMEREEEINLT T FTRELLEBRORIEEZ D e Lt ¥,
(Az,0) DNEIZHZH 5 —2D7 7T FTREZINIBHDIRIEE Dexp (—i2rAzsin A0, /N\) & 7%
%72, MZEDM%Z L o2 FHBHEIXRD X 51275,

Az sin Af,, ) 2

‘D + Dexp <—127r

A
Axsin Af, Axsin Af,
= [D + Dexp (iQTrxSl)I\le)] [D* + D* exp <+127T9L‘SI)I\10)] (6.1a)
~ DD* + DD* + DD* exp (+i2n Ak, Ax) + DD* exp (—i2n Ak, Ax) (6.1b)
= 27 + 27 cos (2 Ak, Azx) . (6.1c)

X (613) 25X (EI0) OEHIE, A0, VNS WET sin A, ~ A, TH5B I IEIVTWE, %
7z, K =1/\, Ak, = KAO, TH3, 3 (EIB) »5R (6I9) D&, T = |D]° = DD* <o
TED, TIIEHOEETH S, Lo (61d) 1Z Ax DM 1/Ak, (= N\/AG,) TIREIT 2% L &«
2, MIE2H FD M, BEMREY 3Nz, I, PREVGEIRBIOE N/ sin A0, PKERMHE, Tk
OH/NIRED AG, DIFIREL 725, Z D7, B THFHOAEDREETERENSKEVIZES
{775, BBERORLTIERBRIRI 7T F A CAENRELZSL N TES, ZOZL
2, ZOFENHOGHREYL KIEN2FUTH %,

63 (a) DIRENAMD 5 AG, OHFHEZHIZ Z e A TE 2, ¥ Z22R (E1D) 1%, Ad, & —A6,
WEBEHZ THRILICKR S, FEEHIZ ZERTERY, ZOMEERRTNLERINI DN,
RD §52A TRLlk§ 2 MAHYI D B2 IETH %,

6.2.2 (HBYIDBZEICKL B ERTHREDAE

KE2 %, (0,0) DMBEIREEESNET > FHICEDZEEINLEBRE V4B TR D 823 i,
TREr#L VI TERL, ZTAREIDEDONEE r/2 B FELEZ MW TE S, Zht (Ax,0)
DNBIZHZT7 VT FHFTHRIEINLBR 2 THIE20XMUMETIDBERETH S, ZHUuTk-T, [
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_\?00 A6, ‘{Oo
¥
¥ v \Z \ LY v Jr
10 siiad )
(0. 0) (0, 4) (0.1,)

6.4 (0,0) & (0, Ay) DEHEICIHAT 2 0015 £ 7 > 7 FCHIRS N2 BT, 07
Y5 HFE Ay HICAETH B LT B

ESINT7 7T HTE DB E BRI, RiE D Tld%< Dexp(—in/2) = —iD &% 5%, Zht
(Az,0) DIEIICH 27 > 7 F TR SNLERZ TBSERLBEERD LS IGEIREI S,

2

Azsin Ab,
‘—iD + Dexp <—i27r“1;1>

Axsin Ad, Axsin Af,
= [—iD + Dexp (—i27rxSl)I\10>] [+1D* + D* exp <+127T3031;\19)] (6.2a)
~ DD* + DD* —iDD" exp (+i2nAkyAx) + iDD" exp (—i2nr Ak, Ax) (6.2b)
= 27 + 27 sin (2w Ak, Azx) . (6.2c)

X (E23) »5R (B2B) OEHIE, A, /N WHET sinAf, ~ Af, TH2 I IZHEITVTWVWSE, R
(628) #7ay b L7z0H, KE3 (b) [pEl TH3, ZHUTED A, DFERTIATHEZ e
ESTZ2DTH 5,
6.2.3 XIEHSD Ay AEDZI LA A, DRIE

B2 2B W TEBIFESRIEMIIIZ (EBRICIED DBRVDEDR) #HiELTwd &35, RKERPSD
MEDZL A, &, AIBIROARTRT 7 v 7% Ay FACIGEREIXE 5 2 ickh, A, LFRIT
FHECTHET 2 22 TE S, Af, 23T 2550 (60d) B LUK (624) 2321, A6,
ZOWT, UTFD XS IR 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 (21 Ak, Ay) . (6.3b)

X (6338), (B30) 277 7ic7ay PLEOPKESR (a), (b) TH2, MEI XED 2 HKT 3 L,
[|A6,] > |AGy|], [|Aky| > |Aky|] T [AO, >0, Ak, >0] BXU [AG, <0, Ak, <0] TH3CZ
LD B,
6.2.4 EREAW I[(Az, Ay) DERK

X (609) £ (620) TRINZBRTHBREDS S, TOMEIEX1EBEDRTIRIT VYT FTHFHEE
FTIHES NS EERETH 2720, Zhd 2523 (6149) [pba] &R (62d) »HELGIK 2Tk
D, ZNZNORBBA7Z T EMHT 22 TES, Zh2hD 0.5 5% % FEEH L BEER IO
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sin Ad,
<& AN

A
A

L L L
200.0 250.0 300.0

50.0 100.0 (a) 150.0Ay [m]

Interfered intensity

2.0
1.0 \
0.0

0.0 50.0 100.0 150.0 200,0 250.0 300.0
(b) Ay [m

6.5 (a) (0,0) DRBEIEESIET Y FFE (0,Ay) DRBEICH D Ay AIZED 7 > 7 F THIAK
EhrBETHNC X2 TWHE, (b) BEINT VT FI%ELLBROMEL /2 BbE T
¢ XDOTHHE

BI(Az,0) 13, KROS5 KESHD,

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

FRkic LT, R (633) OIRENK 7 % FEER e, X (E228) OIRBIN D % BEFIC RSB 1(0, Ay) 13,
XDk 1ckKENS,

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

Az A Ay FANOIRBIEZ 52 5 Ak,, Ak, 3EHIZHATW20T, I(Az,Ay) iE, XD X
IIREINBIITTH %,

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

6.25 NTFRITUTTOHEMDSDX LI &K B RERERIE

KIKDS 5K S 7 > 7 F DN F1c b 2 BB IS L2 BIIRES T, 72255 £ )BT [p.5I]
(), (¢), () WRT 312, 7> FFDOREERET (Sensitivity Factor) 13, Ak (: JAR2 +Ak:§) )
BEM s f(AK) E72 D, EBOCTWEFCRINE A2 TN, T = sf(AK) Ty, Ok 512, Jellid o
Nz ZATRTT DI LT 5,

§62R [p.[d] T, KIGEKTHED I RT 7 TFFDESED, 80 cm EWHI/NIRY A XTHDBZ
CWREKRT 20, TAE—RICERTHEOBMINSR 22 RIKE IR L T, KGOMREREIIEFITK
XWHTH D,

HECBB L7V DIE Ty THD, T =sf(Ak)Lyn, %238 (BBH) ICRAT 2 2 2ICk D RORE
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0, 6, 0) (Ax, Aly, Az)

6.6 RAEZEBREHTDAIRS 7T F

5%,

I(Az, Ay) = Lyrgsf(Ak) exp [i27 (Aky Az + Ak, Ay)]. (6.7)

6.2.6 BRELI-AELDDDHZKEDOER

IR §620 [p.6B]-§623 [p.BY] DFCk 5, IO ERIES S DFATHEME, 2 0DF7 K77~
THTRELTHHEEZE 212X, BROME I,y & Ak,, Ak, ZRIETE S I 0h o
7zo LA L, Kk o OBERENE—IC Ak, Ak, OBIETH D, T,.0(Aky, Ak,) ZHBZ 2
DEBEOBREHN TS 2, ABRDARTRT 7T F% Az-Ay HAZ 2 REAF v > LTHELAST
WAL T(Az, Ay) 1&, Torg(Aky, Aky)sf(Ak) DEBICE 5T, RD LS IHEKZN B,

I(Az, Ay) = / / Torg(Aky, Aky)sf(Ak)exp [i27 (Ak Az + AkyAy)] dAk,dAE,.  (6.8)
Ak, J Ak,
L7eh3oT
Torg(Aky, Aky)sf(Ak) = / / I(Az, Ay) exp [—-i27 (Ak, Az + AkyAy)| dAzdAy.  (6.9)
Ay J Az

A (B9) &, [(Ar,Ay) 27—V ZEMWT 52212k D, KiKD o OBWIRE NG T,y (Aky, Aky) %
FIETEZ2 2 2RLTWS, NTRT 7 VT FONlD &K E NN, sf(Ak) DED/NX
77D, BRRE»ANE 5,
6.2.7 TEERTFHHILZXKEEEREL TOEHA

§621 [p.BB]-§628 Tldikamx HAIC T 2729, RESKEMTICEHFELTWS 2 LTRABL %
2, FERICEEBRTEHOARI RS 707 F 0 HTBET 2 b TId k<, RIKOHEERIC X > T
Azr-Ay 2% % Y[R URZ§2, RIEQIRT 7L ERFEOLS, HE7Tm & 12 m D 66 5D
RIRTGT VT FNERZ, 2HDORIRI 7T FTRELLBERETHBIEIDLITHLH, 0
HABRDEIZ 66 x 65/2 = 214558 H 5,

X BB 12X (0,0,0) & (Az, Ay, Az) ONEICDH 2, 2EDT7 VT FHHNTDH 5, e,,e, X, KKk
WIRDNOWBARZ ML THD, RIKOHI» SR 2 & Ave, + Aye, 13, HEEENZ X 5T, Az-Ay
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6.7 7A~YLEHOMETI (HARFARM R — A= kD)

ZNCIIERM 221X b, RTRT 7T F OB, TEZZIRMELRL Az-Ay ZH%ERAF v v
THEOWEHBALTRHEINATNS

MEBD2HEDRIRI 7Y TFTREINZBHICE, RITRLEXSIC Az BT OKEKAE
BhHbd, THROBLEDT VT FTRIESNZERIZ, MHD 2rMod(Az,\)/A ZFEALTWS
Mod(Az,\) 1%, Az %2 A TEIDELZRRTH 3, 2rMod(Az, \)/\ ZIFHitHrEN 2 2 & &i,
27 [1 — Mod(Az,\)/A] 2Ly e FliThH 2, £DNRTKRT 7T FTRIELLBEDN
% 2 [1 — Mod(Az, /N ZFESETHED 7 T FTRELLERE THIE, 52 1/2E5
BTMMHYIDEZE2ITS5, ZoZrickb, (0,0,0) DMECHZLEDT > TF 5 (0,0, Az) DALEIC
»H 20 EARTWHNETS N TELZDTH %,

6.2.8 EEOEKRFHE

EBROBRTHBINE, BEPLBTEBEDRTRSI 7V FFTHRIAT WS, §62T [p.6E]-§628
[p.@] T ZHMICT 2720, KEPKEZH > THLRVWSDE LTt L7223, Zhudd hig
2V, EEOXRMIGIHEES T2, 215l Lzk 5, TZFMALT, Az-Ay AFx v iR
BT20THb, IHIWNTRT T VT FIMHERTEIHHE % 30T THEZER (Ax-Ay ZE/) ZRE7Z < 2
FrUTETRIZRINTOVEEELH 5,

X B2, BEKRFVDTRAHEICEZ SN 7 A BRFEOBR T TH 5, HEEEST 3K
REBRT 27D, THiOTRT 7 7%, YA, HMALMAPAHRE ko TWwd, XE2
[p.BB] BLUED [pER] D &S KHIKEZREVWTWSHIITERZL, KEB D XS RO LR ET
521U TCRIAEBRET %,

BETBHCHWZ RI R T 7 VT FOERE BRI — P2 OBT A=V TH B, Lo LA
S, RFREFANCSH 2 KGEHAOBRTEFTO I RT 7 v 7 FOERI, b?#smt/
FA—PLTHb, MEB p2] DXHIZ, Thi 84 BAEL, 5~10 [arcsec] DIFREZF TV 2
Lo L ZHOMERAX 2020 FDEEZ D o THRT Lz, %rﬁ&¥ﬁﬁ®ﬁﬂﬁ%tt6%%twrb
T, KIGOHERIZEDLDTRKEV, NEBRARIRIT 7y 7FO8E, MED (f) [pBi 0 &L512, £
RICKERRTIDEL 2, TbH, BERTF sf(Ak) 23, Jllr oM TdREL RS, ZhEFH
LT, ZEMIREOADEBRDOAELRND ZRKELL, HBZETTVWEDTH 5,
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6.8 E LT H BB O KGER TG, OFE80 Y FA—FLDRIKRTT VT 84
HTHER I T3 (Wikipedia £ D)

6.3 RMDERTFHET

6.3.1 TILIEEHE

FKRF VICEFR SN 7 BRI, OFB L2 16 km OEBREEFICHY T 2 ERTHEHT,
66 2D NFKRS 7 VT FIZIDBEEINTED, Ny Z7AVFHEEFTD 10 FOMRRELH > T\ 5,
7272 L 2 OfEEIX, 1.3 mm OFEEZHWEGEEOHRETH D, BRTHEICOBENCEL 2HEE
THHIEEYF A=A LET A= P LOREDERICH LTI, KRELIMBERENEDL IR
o RKUEH» S DERIE, HKEH 40 m ML L7 e HIROBHEEICKFH XN TLEY, 3 cm DURE & 2R
R OIKZESICIRINE T L % 5,

B 62 [p.[d] 37 NV~ ERFEOMEEETH 505, BEAF VD7 XRAWEBEICERIN TS, 22
S 5000 m DERTH %, I VIKIZKIERIC X 2IUIDE LWz, EEDE T2 LA
BTN,
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DEHEFEEDIRIGE LRV IR D, 7277 LR 3B SR AR > T, REED
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6.3.2 BRERERTHE (VLBI)

BAEOENRKCEVEM T 2 B RERERT WS (VLBI) &, HAYIEZH{tK T2 X5 ICRiiBESh
T2 ABDRTRS T T I oMREN BT TH 5,

BT OMMRE L, HRE (7 R7 77 FRIOEER) 2ELT23ER L2, BRIPE
(R BIZEMRL T8 %, TV~ L FRE, MHRES T E2HRT 2NE TR L, RIS K - THRIN
REFELZDITHY, ZOMEHWIIREINATIRETD %,
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£ 9000 km I2d BIRERERFERED EiFz, ARV - KFA4 XY - FLRa—7 (EHT) TH
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AR R LS, COREEERRLTCZDO 0y =7 b ORIIDEBRL 72,
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6.5.2 HERREOEFRFHHIOVWT
E52.1 B BBOEICE A ZERTHTILE
BTEXTh,

RO RI 7T F RV VI XEZI LN
TEZLWVWI XS5BT, ZOHEEN
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FESILEVYIXE, EHTLILIETESZ0
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6.5.3 ABERFHFHICOVT
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DROVDIEZOD2DTTH, K738 oiFE M
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#3011 O KGR TN, 1969 4F2 & Bl
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%, AH 5 —2TFNCHRZHDT, X7 MLDHEWVIEFEED 1 RO, #7125
Ao, EAMEME (FEGME/EE~X2 FLVE) oftl, DIEE3 2OR®R»H 5,
7.2 1THDBEEER

fH?KW@ﬁ%Az1(ﬁLW@ﬁWB@ﬁﬁdﬁ,HﬁL%@ﬁ%ABﬂ)ﬁﬁ%f%

o MM WRFT &I, ZRENDERD % ank, bri, dm [h € {1,2,--- ,H}, k € {1,2,--- | K},

leﬂg,~,}}t?éz,mﬂilzm®ﬁwflot TRZ bv e, FIRZ FLOERENY b LD
NETREI NS, TRhDE

dhl AB hl Zahkbkl (71)

L L, 5102 BT — I SR AN A D 7 7 700, S AURIRIC §33 [p&2) ISRl T 5 £ B D
Th %,
SRR RO T 3. LT M AIOH C 0 LTH m (m e {1,2,--- , M) SIHOEZEE ¢,

P

ai;y a2 -+ Qg Q1K b1 b -+ |bul - bip
Q21 Q22 - Q2 0 (2K by bao -+ byl - bor
[ah1 Qhz o Qpk e ahK] b1 bk2 o |br| - kL
ag1 Qg2 - GHE o OHK bk1 brz -+ |bky - bk
din di2 - duy - dip
doy dyp - dy -+ dop
: ) *, : . h€{1727'“7H}7
= . . . : ' ) ke 1a27"'7K7
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£3%& (AB)C @ hiTH m fTHOESR [(AB)C],,, 3XD &5 FHTE %,

—7, BC @ k {7 m IHOEZE [BC|,,, 3RO &5 ICHETE 2,

L
[BCly,, = > bkiCim. (7.3)
=1

L7#55>T A(BC) @ h{7H m {FHOHEE [A(BC)], 13XD & 513 TE 3.

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

®(@2) LR (@) 3, kLT EF Y A= 2 Y OIEFE ANEL LRI ROTRAETH S, L
Fo 8 o TROIEETRAIAHL D 120,

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

7.3 17HlIC & B 1 kEHoEEh
7.3.1 2 RTDOEFRIRE

2 XoTEERIREDFTFNCEI L Cid, 26 0% §27 [p.B] Trtib L7z X 5 W CHEBECEHE (FY R FH) &
ZOWEEZHOWTER T2 HTE S,

2 WITZER D RSN LIER Y L (20, y0)T % 0 HHEEE BT (xf, y))T LT 2475 R(0) 12
50 (@), 90)T = R() (z0,y0)T D& icREIN2, Thbb

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

(z0,y0)T DHEBD T 1%, 1TRZ FAEHINY MVICEZ BB M ERTEETH S, LOR
BERDE S I RENS,

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

X (@) BLUK () 13, M2 2SR UTHHATL2ZenTES, M2 T (20,y0) TREINDH
%0 FEEEE T (x), yh) WEHT 2 REZTTBRTIUIOV, e, ¥ e, FENZN 2 8, y I TFAT
THWIERTZHMANY ML TH D, €, e, lde, e, &, TNZH O LTI EFHARY
FLVTH B, (x),y)) T e, & ey TRDEIITEKENS,

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

e/
y = —(sinf)e, + (cosb)e,. (7.8b)

e
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¥
ool
I 0 e
Y ' ; .
I RN
Yo
0
P X
Xo Xo
7.2 FEREODEL
(xo,y0) & 0 72T HIHR & 72 PEAR (20, y,) W ERD K5 DEIRTE 5,
Toes + Yoy = To€, + Yoe, (7.9a)
= ¢ [(cosf)e, + (sinf)e,]
+ yo [(—sinf)e, + (cos)e,] (7.9b)
= [(cosO)xg — (sin@)yo| e,
+ [(sin @) xo + (cos O)yo] ey. (7.9¢)
+oi (CE) = =(9d) &b,
zy \ _ [ cosf —sinb g
( Yo >< sinf  cosf ) ( Yo ) (7.10)

Lo () i&, X (@) LALTH 3.

X (M) DI DROYIZ -0 LEL ZITED (w0,90)T % —0 M X ¥ 2 KDF75 R(—0) 155

Nz,

- cos@ sin ¢
~\ —sinf cosf )°

R (CIE) HEO 1 13#551%, R (CIO0) HEO T 3R RT, &

NEZAHITH B,
AT E L35 RORO) " = R(O)"'R(O) = E$%bb

cos@ —sinf cosf sinf
sinf cosf —sinf@ cos6

< cos? 0 + sin? 0 cos@sinf — cosfsinf

0 1)

cos@sin@ — cosfsin b sin? 0 + cos2 6

(7.11a)
(7.11b)

(7.11c)

BITH 13T 2 5% A

(7.12a)

> (7.12b)

(7.12¢)



80 BTE AT O JGH

*7-
1 _ cosf  sinf cosf) —sinf
R(0)"R(0) = ( —sinf cosf > ( sinf cos@ (7.13a)
_ cos? 6 4 sin? 6 —cosfsinf + cosfsinb (7.13b)
~\ —cosfsinf + cos@sinf sin® @ + cos? 6 '

= ( é (1) > (7.13c)

FAEATHIDSWATAHICH 2 IEFITAI R ERITHI e WS,
7.3.2 2 WEATTHDITHIH L EITF
a;; %, i117H jHIHDOER 5 2174 A DITHII (determinant) % |A| 7213 detA ik
%o

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

HIR |A| R TRVWE &, A QWA A~ BEET S, 20 E A ZEAITIIE WS,
AN, 2o O DFELRD XS IR I NS,

— 1 a22 —a21
A= —— 7.15
|A| < —ai2 a1 (7.15a)
1 _
- ( 422 —azn ) . (7.15b)
a11a22 — 12021 —ai2 ail

Lot (TI8) 13, MRD XS ICHRTE 5,

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

az1  G22 a11G22 — 412021 —a1 aii
_ 1 a11Q22 — Q12021 —a11G12 + G12011 (7.16b)
a11a922 — 120921 a21Q22 — Q22021 —G21G12 + (22011

- < oY ) (7.16¢)

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

11022 — 412021 —az1 a1 az1 Q22
_ 1 11022 — Q12021 —a11012 + A12011 (7.17b)
a11a22 — 12021 (21022 — Q22021 —a21012 + G22011

= ( (1) (1) ) (7.17c)
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733 MEEIEL 2 EAOAKDIA
2 NIEEERE R o B LK § EIIEEES ¥ 2175 R(a) & R(F) O»FEEHET 2 L R(a + §) 578
5H%DT,

[ cosf —sinf cosa —sina

R(B)R(a) = < sin3 cospf > ( sina  cosa ) (7.18a)
[ cosacosff —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) ¢ (CI=0) O 11T 1 HHOERLZWLIZ 21T 25 HOEROLE, BXKF11725HD
BEEZWLIZ 21T 1 HIHOEZD I 5 XORBEH XS,

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

sin (o + ) = sina cos § + cos asin . (7.19Db)
7, X (M9E) B LK (CIUB) T, f %2 —[FKEZHZ 2 ROXDBELNS,

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

N (9a), (C198), (20d), (C200) &, =ABROIMEEMICIZNR 58w, INEEHIX, §T21
[pB KRR L2k D, A4 7—DRARe Y R FHOUEEFIHL T BEHT 222 TE 3,
%7, X (OW@) T, B2 a lCEEXHRIZLRORMBESNS,

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

Xz, X (CIOE) T, B % o CEEMZ 2 L RORIELNS,

sin 2a = 2sina cos a. (7.22)

R (2m), X (E22) 1, =ABKD 2 EADOARIIEI R SRV, 2 EAD0ARKIE, §TC22 [p.6] 125
HRL7zk518, A4 7—DRKXe AV AFHOMEEZFHALT EET22 b TE S,
7.3.4 2 RyTOfEERE

ROATHI M(2,1) 1%, (wo,y0)T % x HIANC 2 55| I TATHITH 5,

M(2,1) = ( - ) (7.23)
M(2,1) o475 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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FRAID— RIS D ST 720 2 e 2R3 icld, D L2020 e D THRERF IV,
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FHIEHE e D LERA 1: 2 DEITK 5,
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F D5 FASIE— A AR AN AL D 72 T,
ARG TD B,

7.3.6 3 RITDEERIEE
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[EHEHR(E % 5 2 2 A THINCIESHIERIDS R D 3073,

NS DD + FA 6 BTG

FIDIZ 0y, 0y, 0, ZFEEREE2#ER(0,), R(0y), R(0,) 1, ZHhZhRDXS1TEKEINS,
1 0 0
R#.) =] 0 cosf, —sinb, |, (7.25a)
0 sinf, cosf,
sinf, 0 cosf,
R(6,) = 0 1 0 , (7.25D)
cosfl, 0 —sind,
cosf, —sinf, O
R(0.)=| sinf, cosf, 0O (7.25¢)
0 0 1
7.4 175IC & B 3 oL 1 RARRXN DD & &

7.4.1 3 5&EiL 1 XAEEKDOITHIIC & S50

2 TLEN. 1 KRR OBFEIZOVWTIIHZOFETEBLTED,
59,

30N 1 RAERE, RADPEBIICEBRTEZRKDRKITH 3 TH 520,
%, 4t Loy 1 KFERIconTiE, (5% D §02 [p.ra3] itk 3 %,

370 1 KAGERUE, 3 x 3TN EHNRT P AZHNTRICRD & 5 1IZidkE s,

a1l T
a21 T2 =
a31 T3

J:@:_Ct () Ti‘ghé 3 ﬁﬁ 1 ﬁﬁﬁﬁéi%fﬁﬁ%ﬁ (aﬂ, a;2, aig /
R 5 OFERED d; /

WD TR T 2 HEIR VT D

5Ll & hhed

> >
— -
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a23
a33

ai2
a22
a32

(7.26)

aj +aj +ajy TR
a? +a +aZy D 3IMOFHDOLHERTH 2, 22 Tie{1,2,3} TH
N Xt

%, HYL 1 RAGERORIZ, 3MOVFHEHORETH 3, N tH#E 1 XREBEROGE, N
HORXEZRDZ Z Ik 5,

742 HIZRDBEZEICKS 3EIL 1 RAEEXOEESH
7221 BiEDHKA

A ZADHEERICHT L BEITR WD, ZOHDFEARDHKIC LU FfRICOVWTHN S DT, 2o
fED7zd, b LITLHOBELFR L OMARTICEarnH o728 &, T2 ANEZ TRARDICER D
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ta3ayas,

14,8335

a1 3333

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

BWEIITT B, U THIOMNABIICIEE R R VDT, ZOFEH Y RADMELERIBRD S Z

9 %,
ﬁ () D Qi j e dj 0:;7\'0)31 573{[_5%5‘250

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

Z2.2 175D REER

T, AIFIRDPE TRV (FAHTAITHZ) 2 L 2HhD 5.
ai; (i,j € {1,2,3)) BEHET 2 3 x 31751 A OFFIR [A] &, ADES 1252 6M5 (RT3
BH),

=Z AN

|A| = a11a22a33 + a12a23a31 + a13G21a32

— 11023032 — 12021033 — A1302243]1 - (7-28)

H _/\
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/\\7 1‘}]/ (ail,aiQ,aig), [Z S {1,2,3}] Oi, yﬁ@ﬁ?ﬁ%ﬁ%%i%ﬁi\, —leﬁtiﬁ&ﬁ#% %bi]
7HIREE e ke b — iR un,

423 piEEE

AEHE T, RO LS ATF oS ¢ E REFICEaTRWER D 3 x 3175% £h
LT L, HEHEDO HERE, EdoiTtilzflne 2k hh R HEZ > L=
FIANCER T2 TH B, LD 3 x 3FTHNDEICHLDHINT M %A T 3 x 41751 %k
%, ZOTHIRIEKRBREITIIE VS,

TR 3 x 3ITHIRED BT TITL, ¥F, 117HD 1/2 5% 247HWCMZ, 11THD 5/2 5% 2
THICMZ %,

1 00 2 1 4 12 2 1 4 12
1/2 1 0 1 3 -3 -2 |=( o0 72 -1 4 |. (7.29)
5/2 0 1 5 1 -1 4 0 7/2 9 34

—2 1 4 12 —2 1 4 12
0 7/2 -1 4 |= 0 7/2 -1 4 |. (7.30)
0 7/2 9 34 0 0 10 30
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224 BOZERAR
AU ADHKETIE, BEREZTod L, ROEHTRIBERAZITS 2k b Lok
(30) LMD 3 x 31T % BAATHNC T 2 REER21TS5, L, R (230) GO
3X BTN E=AITHITH L2 ERT DL, b5 ORI EVD %,

KENDFNRZ bV (21, 19, 23)T AL 1R (C30) HUEEE R T RDLS IR S,

-2 1 4 1 12
0 7/2 -1 z | = 4 |. (7.31)
() (z)-(5)

FoRZ, x5, 2, z1 DIEIZ, HHISEITIZDTHZ, T4DDL

x5 = 30/10 = 3, (7.32a)
(7/2)zo — x5 = 4, (7.32b)
(7/2)zy —3 =14, (7.32¢)
2o =T7x (2/7) =2, (7.32d)
—21’1 —+ 9 + 4.’,12‘3 = 12, (7326)
—2x1 +2+12=12, (7.32f)
zy = 1. (7.32g)
A (=228), A (324), A (C328) £
r1 = 1,£U2 = 2,1’3 = 3. (733)

X (C30) EADTHNE E=AFTHITH 555, X2 [p.&E) @ k512, ELDITHIN R=MATHITH 3
Y EE, Y1, Yo, y3 DIEICAEERDZ Z e TE %, OHIC §CAA [p.&Y Titihd % LU 2fRIC & 5 fig
ENaV 22— Rk 3HBETI VLN EDIE, AEITRLZESCE=ATHBLOR=
AITEE L DFTH b 3 28N 1 XAGBRER0M, X (32), R (C30) [p&a), BXUR (I52) [p.Ej|
DX S BFIECTHEIIKRD LN DL TH 5,

225 %ERKA

DUF#BRAIC DWW TERT 5, R (30) HAicxf LT, 117H% —1/2 1%, 317H% 1/10153 %,
ERAS/9)5)

~1/2 0 0 —2 1 4 12 1 -1/2 -2 -6
0 1 0 0 7/2 -1 4 |=[o0 72 -1 4 |. (7.34)
0 0 1/10 0 0 10 30 o 0 1 3
3TTHo 2 5% 147HICMZ, 31THZ 217HICIMA %, §72D5b
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

24TH% 2/T 1T 5. Thbb

0
2). (7.36)
3
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KD

1 =1,29 = 2,23 = 3. (7.38)

21THD 1/2 5% 117HIZIMZ %, $72Db

1 1/2 0 1 —1/2 0
0 1 0 0 1 0
0 0 1 0o 0 1

Tiabb, XD XS IHENIFLNT,

0 1 0 0
2 0 10
3 0 0 1

743 LU DRICK S 3EiL 1 RARRDBESS

X (29) [p.E3) 734D 3 x 31741 X (30) [p.&3] £D 3 x 375N VFR b AR AT T
1 O R=AITHITH %,

3 X 3ITANCIR ST N x NATHNC LU 73R FET 5 ¢ %, T2 HWTHEN 1 XAEKXZ#EL D
Db ot bEETHRINTVWEAETH S, X (C2) [pBI] 2RO ESCRT LT 3,

Ax =b. (7.39)

X () [p.B3] 4D 3 x 31750% Ly, 3\ (230) [pB3] 7LD 3 x 31751% Ly LiE < & X (29)
[p.B3] &3 (30) [p.BI] TIT-> TV AAHEHEE, XD XS5 1ET 3,

L2L1AX = L2L1b. (740)

LoLiA B3R (£30) pB3] 688 X UORX (C3) AV RT IS E=AGHTHS, %
U( =LoLA) v e R (D) 1, RO &5 1c#IT 5,

Ux = LQle. (741)
i L [: (LQLI)—I} %, EhoPTEERDESITH S,

LUx = b. (7.42)

) (7.43a)
) . (7.43b)

9 Lol 23RBS 2 L

~
QU =
~— T
N DN
o = O
—_ o O

1 0 0 1 0 01 00 1 0 0 1 0 0
-1/2 1 0 /2 1. 00 1 0 }=l0 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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xoT
1 0 0
L= -1/2 1 0 |]. (7.46)
—5/2 1 1
Ux=y. (7.47)

LEWT, R (2 [pEI] AT B L
Ly = b. (7.48)

L 1<t (720) [p&a) %, bicat (C21) [p&3) HlERAT 5 L

1 00 n 12
(1/210>(y2)(2). .19
—5/2 1 1 Ys 4

LR (TZ9) O, y1 SRR 5N, Thbb

yp = 12, (7.50a)

64 yp = 2, (7.50b)

Y2 =4, (7.50c)
—30+4+ys =4, (7.50d)
ys = 30. (7.50¢)

OV a—R—IZXBFEREE, —BcrdE B BomBuctifls 323, K (29) 7200175
AR TRT 1 TH D7D, A (B0) T, »IE, EIOEZ 2ELHIT-o> TV, —fRiC
FEATHD N x N O R=AT5ITH 258, THORARIHRITRT1ITHS L, MRERDZICH
h N HEOREE{TORL THED, 20k, EHICHEERDZ LN TE S,

R (cz2) H:02, R (o), (Cog), (C508) 2RAT 2 ¢, R (C30) [p&a] L ALRORIES

h%o
—2 1 4 21 12
0 7/2 -1 w | =| 4 |. (7.51)
0 0 10 3 30

J:@ft&i, I3, T2, I1 @lILE\L:é_\’@J:'BQ:%LT%o Thbb

x3 = 3, (7.52a)
(7/2)xy —3 =4, (7.52b)
2o =2, (7.52¢)
23y + 2412 =12, (7.52d)
21 =1, (7.52¢)
Lo,
1 =1,29 = 2,23 = 3. (7.53)

D KD IEHRD 5Nz,



74 ATHNC X % 3 JuEaT 1 RGRER DL & A 87

791% LU 70 L Oz 1 RAGBRZML 2D I5E, ot @itz s FrRe LT, KM
Rz HAT 1 KGR 2 iR BRI, RBHEEI ATV,

EZHIEA L7 D 5 & D & GED ORRINCATINZ LU 2 s 29 70 —F >3, BHO IMSL
(International Mathematical Subroutine Library) %2, ¥ — X7 7 A LR TR ATV S
LAPACK (Linear Algebla Subroutine Package) ICHEINTWVWADT, ZNHbZHWVWS L KW,
LAPACK D4, ?GeTrf (7€ {S, D, C, Z }) T LU %17\, ?GeTrs TEZER®D 3 D2 —fRINT
DB, EHHVBEREIR, FREERY, BREEREY, HSREERBOLEIC, theh S, D, C, 25
MBS %, [Ge) Z—RATHIDLEITH V203, [THIORKMEICIGT T, TOETEZEZSILITED
SOICEERHEEZITA S Lo ICa—FEATW3, THl2—HLU gL TH< &, K (0) p.&Y
DELDHNIRY AT IDPET 2551, EFCERICHEEFZ e NTE 3,

WITHE RO THL &, —RIENcmERD N X5ICBX 2P, ZOFEE N2 H (N iX
TAIDRITCRY) DHTHEEITI . THUIX LU 2K DEERME L £ Rz, PR
BIEAEZE E L TWBHIEETIE, #7512 RKD 22D T TatEE21T L X TL %5,

744 HIZXDHEEEICKBETIOKRDA

AREITIE, 3 x 3ITHIDOMATHIDRD T ZFIRT 553, 4 x 4 Tl EOHITHDRDFITOWTIE, fF
% B §D33 [p.Im] ISR T 2,

55, EEDH A, GEDHE D 31T 6 FDILKRIREATINZ1E S,
AU ADHERZ, FFHEFECOHVSNS, 3 x 3 OEAITH A OHfT5 A~ 2h v 2
DHEEFEEHOCTRDZ Z e TE S,

E % 3 x 3 DHA{THE T 5L

AAT!'=E. (7.54)
FoRX (C32) oA LT, 25 3 x 3 DRLITEIEP T T X
EA™'=A"1 (7.55)

DT 22 L # BEICEBLTO L, A, R (C20) TRWEFIEMES 2 2 1cd 5,

-2 1 4 Tr1 T2 X3 1 0 O
1 3 -3 Y Y2 ys = 01 0 . (7.56)
5 1 -1 21 Z9 Z3 0 0 1

RN 247515 R (C29) [p.&3] 226 (230) [p&3| NOEFBICHWZDDEE LD DE W5,
7341 giEEE
9, R (M) [pB3] LAk, 11TTHD 1/2 5% 247HICMA, 11THD 5/2 %% 24THICHIZ %,

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

iz, R (730) [pE3) LAk, 247 HD —1 f5%, 3fFRICMA %, Thbb

-2 1 4 1 00 -2 1 4 1
0 7/2 -1 1/2 10 |=| 0 7/2 -1 1/2
0 7/2 9 5/2 0 1 0 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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4342 FIT7DFRAR

X (BR) GHOEMD 3 x 31TFI2 L=AFT5TH 2 Z e 2FAHL T, §rda24 [p.&a.4] oKX

(C32) [p.Ed] ¢ FARCHEITEID 317H, 217H, 11THDIEICER, BERD LN TE S, 1T
D LU g2k s Twiug, WTHloFE S @EIcfT5 2 e N TE 5,

233 %iBKA

R (C33) [pRa) Ak, 117H%Z —1/21%, 3478% 1/1045% 5%, $hbb

~1/2 0 0 -2 1 4 1 0 0 1 —1/2 -2 —-1/2 0 0
( 0 1 0 ) (o 7/2 -1 1/2 1 0)(0 7/2 -1 1/2 1 0 )
1

o 0 10 2 -1 o o0 1 1/5 -1/10 1/10
(7.59)

R (233) [pBa) LM, 3TTHD 2 5% 11THIMZ, 31THZ 21THIRIMA %, $74bb
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 |=(0o 72 o 710 9/10 1/10 |.
1

1 1/5 71/10 1/10 0 0 1 1/5 71/10 1/10
X (C30) [p.&a] L ARG, 2 7H% 2/T 5%, $5bb

(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 o0 1 1/5 —1/10 1/10 o o0 1 1/5 —1/10 1/10

(7.61)

S O =
O = O

X (32) [p.&A] ARG, 2 TH® 1/2 5% 1T 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 0 0 1 1/5 —1/10 1/10

(7.62)

Shbk, X (5H), R (@50) [pEY ICBF3 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 Z3 1/5 —1/10 1/10

7.5 THOBEBMBCEBANY ML

751 EEEMNE (BEE/BENRY MLEE) OREHNE R

B EEE (EAE/EEXZ MLEE) 35 H, SERBFEOTLNHREEO OO TH S, ZOME
PEUDHTEYL L0 18 HHitET, 447 —3d TR HALEAD—ATH 3,

B MEIZHRINC Teigenvalue] WS KA YVEETIMINE2S, ZORBERIICHVWIZDIEFA Y
DEFHE LNV I TIIAFEDZ e THo7z, 7V T, AL POHZEZIFTVDS, D, =
SOV -5 T X B SRS B0, 1931 FEDQZrTHS [P, MERKIEBRLELS
2, Tv T, WEHSOMRASEEHEMETIRINS 2\ IR - T,
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752 ZrOEEERE (BEE/BAEANY MLERE)
2 x 2T D EEERMEFRD X S i X b,

ai; a2 T -\ Tl (764)
as1 Qg2 T2 zz ) '

BARNCBIEZ AL TREI L TA L S,

2 2 I o T
(1 3)<)_A(> (7.65)
(z1,22)T = (0,0)T FHHLDRETH 275, THEEHNZ FLEELRV, LOREFRDLS 12D
#iT 5,

A—2 -2
A=2)(A=3)—-2=0, (7.67b)
A — 5\ +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

.%'1/1}2 = —2. (769b)

A=4Z2RATBL

(2 7)()-(4)

ri/ze = 1. (7.70b)

X (BR), X (B9), R (Cm) ik, R (CB3) OEERE/FEEXZ MLVEEORTH %,

753 BRTOEEERNE (BEE/EERY ~LEE)

N x N 1750 EHAERER 2 x 2 75O EEERE X D&MD, BT R ks, L
7L IMSL %° LAPACK ¥ D54 75U —2i%, BEMHELEENZ bLEFHET 272003 71—
FUPHEINTWS, N x N TFoEGEREE, ZhsZHWTEIERLZRD 2N TE S,
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7.5.4 X EEHEMNEINIEROEEERE

FERZVLUIEETZRIGEWHERTTO X oK H0rilid 3 28 5m e LT, 1917 £ L M
Lo TEMSEZ 5N 3], 1931 E5 Y TICX > TRRENE 2] T UL b-5 7 TR, FEHERR v
LTHWHNTWS, 1917 QT VL FOFICH 1931 FEDO T T T OFHXITH, T o DHEmAHEH
ERETH 2 2 WIS abiE—E 0, 1968 45, T L ko 80 O A HE & L CTH Sz, HHE
HIZX 2T 0L b-F T ZHED 3 I — ANOHRRZ LA L7250 H 5 4], 24D Teigenvaluel
EWVWIEEIIHT I R,

X SRECEM BT RS, (THIOEEMEME Y LRl X5 2 & ofefik, EHEOHBRD, 1965
fED Saccocio ¥ Zajac 12 X 2 AY [B,6], mHITH 52, ZAUH K DY LTIE, 1967 FITHILH
EfTO LR RIS & > THRE 2 3%, 41K, 6 7 — RO\ Tk L2 XA ® % [1], Joko
&, ZOMXHSHRENZERICERTEL Ko BRI hTWw3, ZOFIDIRITIUE, X#RE
BEFICBE§ 200781, BUREIEE > T02d DI o TWiz e Bbh 3,

X MBI FHROMBIIRAEIC S, SRMEK, MR, SAERR, HHIES, BT6AKE, ~»
TFEZREMSZ S WD, %o OHAELH TS TEEME/EERY ML) WS FEIEES LRV, i
FANCHRAER & JA Bt E LTV 2B 22 [ HER O BB 1L, 2001 FiCHiIRENLT7 7 v 204 —
T ALK BEHELLEDONSED, R 500 =YD EOZoXEICDH THEGHME/EHEXZ MLy 2w
FEDR V. BT — ZADMRNTEMHFTANC R TH VR0, 2T —ADHEEDO—HITL>TID
BEENPHEAEINTVED, FJVIRINLMILoTHRFEE IR TV XS, PR 2K —R
D X MREHTEER O TIX, ZLATEALND Z LR 27DTH S,

EA ER L, Mo ARERER BRI EST 2 2D, BEABoMRTIZ—RINcEREHshTw
%, TNHFEZTEAE (BA- v ojroR) [0-03] 2D, ZoZrd, XREFFTYEYO MR
TN I N2 ICIEE > TR, HBEYHY ) Of&Rike U TRREZEAR L T\ 555,
YO MFUCIZBEINCHERZ KA %L, TOHEERNI L DBRFSZHDTKL %,

B (FAR- b 7Y OR) BERINZDIES5H 6 EALLLERT, 1962 FDZ e TH 205, [4
IOV M-F U THEGHHERINI2DN 1931 e o/ 2EBEET 5, 2o 30 FU EEETOD
ZE&THb,

IOVl b7 T E Y mAERE, V-V oA TIER I 3 F iR BERICH B, 2OV TIE,
5% K o §K4 B,
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76 BRErEE

761 HIRDHEERZEICDOWT
7611 B HEHLELIHES DD

TEARB ORI ENHENT. 1 KRR TH D
KDL TRELLEE WS DDA - TVE
L7 MFLTHD EF), ZHIES5HE - =0
HEHEPHRBRACUUTVS LR L /20T,
FLBDEDTL & DD,

7612 B

Web THR7ZDTTH, AU RADEEEIR
XHLEEFEILTH S, it LzidEHDIZE A
YTl MEREFACEEEZTUIEELL X
e EWET,

772, —HBORHFICHEITE - TED, M
LiEICIE, HUA-PalXyDOEEEL 7R
DHEEL DD, MEZEZZDOE VI L
2HHE LT,

HO AP a LR EX, LiZh L mIIDITH]
ZHRNATINCEE L, RiEHEE e RBRAZRIC
%2 EDITIAToTHEDRVWE ST, HV
ZDMEIECEL T, BANCAEEOITHI L AD
FIR7 ST =A1TH2 00 % Z &2 & D i
HEZITV. BEIOITHE ARG & 2 Df B72
LR TRV ZFO LI U E T (FiEH
K)o 20D, E=EMTHIR 2T TRl
WHELOITE % BAATINC T 5 Z ic & » Tk
KD E T,

COEFERD §ra2.4 [pE) IC, AiIENEE
1Tol=dbt, DTN EZAITHNCH > TWn
5ZEFALT, BEBERRDTO L HIEKL
ODWVWTRR L TVWETD, ZOFERIIOVWTHY
AL DI DD Y F¥ A, LU D%
WABFEIIH L THYRD TEAEREZ] O
TEROWPEWVWIZIDPLET, 'K T5) v
5 DIFVWIIRAREF & TTAH, 200 FEHROFKA
2 LU I X D g% KD 2 DI —HNRINT D
5, WS ZEERLEDTIERWVWTL & 95,
EESH, B2 §aa [p.Ba) @ & 5 2FiE T
TA1R KD, ZNEHLOBEHIDFR Yk izh
F5, tworRhHlFarva—x—-—oruerss

LERTIC YTz o T, LRI TVER A,
N TOITHI TR XN S N #r 1 KGR %L
WH7zb, WITHD0 o TWTH ZNEHLD
FIRZ M TIRZETS 212 N2 Blo2 &
RRE Y b, LU DRI 3 5EL D IR
WZiRBDTT, ZHTHHTH%RD 2 FHEITH
LTiE, Zhucd LU 7% v 2 FEsHERE X
NTVET,

NFFEEAERRICHERBO v 77 3 v 70
HBBREERN LD D 3, WTHIDER
BEIC LT, ThEHELUERSES 70
I NEEDRELE Lz, MPIERTH 5721
HEOLLTHMIIDOLZEFEAT LR, ZOHH
DEATIZIR > TE IR D E L7,

613 8 RETITIOERZRLTHLL
(D))

LR—F2ELERETIE, [THOEOET
B, REHLED &L S ICRITITHOLR %2
KLTRVLOTL & 52
r60.4 E%

BoEEA,

REHBLIE (I ADHEERE) Zitidd 365,
Web EOFEHET, ERREATHNEHERD 5
T35, tWHidE LTw2d0idize
AEDD FEA

ZHEHE T OPFRCEATHLS %
BERLT, X TEL»S5E 21T 350Rc L
F L7 AV ROBERFFHEDIEFICHETT,
772, 2O PRI ICEATLES bEHLE
(H7 ADMEE) OREEESHTLES LA,
WERBFEBATH O N K2 AT % 72D DIEFHAT
FlREZ TRl L E L7z, REHLIETIE, T
A 1 KRR O WA E S (75 % 2003 % 1
ERELTVEDR, WS R EhRNTL R
X,

7.6.2 fREDMEAICDOWVT
62.1 G 177 DfaEEIC DOV T

RFEWCEZEGZRDO D 2B TIZ RO T,
TN L L HETETVWERA, 22T, A
IR IR ED D AUIBA TV ETWT T,
DS Lo D FATHERE 2 LT &
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WDTL & 9 D%
7622 E%

MEHE» 7525 EEa P a—X—
TiToTHH, ZABERTVWET, A, %5
f5RIE Web DFLETIToTWVWBDTYTD, Uk »
35 INEROBEL T HNERA,

Web FICHERBUCIFET 20 HE, FEFICHED
BOVEIICBZET, i FOHEIEMFICL DL
3, FACIZE X FRA

M EAERRE D 2IZh Tn /0T, #RE
KR L THEERIGS D2 D0 b AN ERA, L
PULBIE, 4 Y& =%y POZERZILRHHAE
RPLIMET 2 Z i, FACE - THRLUWERIC
BRoTWVWET,

763 HFECWIRICOVWT
763.1 B SKREHICOWVWT

MEARBEER) IZEDL5RDBDRDOTL XS
Do Fiz, ZOBEE X BRETYHEZE LA O 2
HoHFRTlx, ARLRERTHI VWS 2 TE
ALWVDTL & 5 2%

7632 E%&

oV h-Zy iR AR, X BREHT
PIEE O R CIZIER ICEELRHERTY, mH
WEMTHZ 2R LEDIEFRATT, K2 S
I, hznpEAHEEE L Mo R Tl
SNLMERTY, §Ha [p.a0] & §KA4 [p.o2m] %
S L TLIZEW,

B&Z 30 F5i, MAEBDOMET—<L LT
BAZOD, X Oy ba—i e RXEt
W, zht X oL EHFMET L, ZOWT
ndh, REORKED X S RERTLR, A,
2003 FELUE, @A E 2 — RATHRL, 2
NxEfgEljzdnrsunrss0%ka—-KL, EBTE
DIELEZFMALE L7, KED [p.BR] (a) & (b)
X, ThENEER e MR OMR TS, FAFE
RTZ2ETEZHOBARERIDD FHATL

T X ottt fmta sy br—1Th,
I VDDBNIZHE 1 AEICHR>TWELR, L
D URR7 Z 2z, FADSBHIA L 725880 & 13 5%
BEPORLRD, VORI E DIZi-T
LEVWE L/, AT O TRAIKHIZ IS

X M, X RREHT YIS DR EE, & 20
FEORIZO Db LR, MBREODE DIZ
BoTLEWVWE L,

EEBIFEDE 1 NEOWHATEIE, <Eoirwv
HEDTHZ L VWS IR BDTL x5, LW
BWiEd b 92, ROrBRNWIETT, %D
DONAE, ZEEFT OB FE T 0 27 4% KRR
LT, W2 ZAFTWLEITY, LHEID
MR TEMNE LA, RS I3RR
MERF, THROBEFEED 7 — ) RO
SHEFBIETE 201, MAHAZHIETERWY,
WS REDH D HEE) & X Tug T,
K Fofbmicxt LT MR- 2 $H5E Lk
Lefsiig s, "Ny 7T h~r e —Nicix, 1985
F)—WEFEDPEZONTOET, KA
IR & O X7 BRSEIC L TR, D EL
72o RMEZ TN DIERITHRD D ANETRTEZEPZ
SEEZITVET, RUNJEEWENRET S
WFFEEED S I L B SN TV E T2
63.3 Ef YR BEORERHICOVT

VI BUA IR D DB D DD 8B L ET
A, TUTHHEF#HI L TVWARVWZI WS D
i, 20 IEAREE DANCHZSEEL TV
DTEDTL & 5D
763.4 E%

JESIZH 2R T K S RYBEYEICIE, AT
WEWEFEOBEEASED EIFTLESIZED
Wi Z2df o 7o ADI WK T, 1924 FFICEFHHD
BOIDFERIEEIED LT Tent oL Rz
Ot b TF, WAHED B 7EEmEITH % FvwT
SR TE 20T, ZOBITHIIFE Xidhd k5
WKhEDELRE, LeL, ZOMEmEIED LiF7Y
REDOIIIIATAI O HFR I A2 <, 1TH 2 W S R
HATHED EFTLE->7=DTT,

ARG 2B TH B2 L TH, BZSL
D TIEY 7= DATO L S WEBEhTnw5b Z
Yk, PEEDRB LTV 2T,
ERENTLE > TOAIMESTFIZL XADS
cEWE T,

BIZFFTEREEE WS 2 HRH D 3, 1970
FRLEBVET, ZORFIERAT, Y7L —F
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YIA4 77V DB AT LR, Tz D
K, H2ERETOWERERDE L, a v
Ya—X—0DRENE CPU OME, X)) —F&,
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WEAHS, WS e RYIFEDEZLIHES,

LU, HidEL2 2 oL EoRKEmESFERICEFEEERZ T &, KD O X 5 2/ERKIZ
CAERAREIC R > TLE D, MERDICEARLZE 512 3 MU EDOZHE S —ROMBENOANEF LA
BhrolzDik, REDDBEFICOH2DR TV 5 T, ZWr—AHNLT, ZOEREIEL
Whlokz iR 2d0Ebnd, $7, HEREERTICBWTY, ZHOMRIZ, =2
H—WR 16,17 & LTEBEINTVZ 0D, ZhreZER LA, IZIEHEY,

L — ADOWRICIE, RED 83 ICRIRT 5, WETF L L b ORGP OBEDHEITTE B,
DAL FTOFMATIAZ IR L BREN RV 2D, ZOMERIEDY K x i &8 727 A
DEIWCEZ 2, LrL, FEHECHBRLAERY MLOEEEZHFET 2 Z 22X D, Wikg I3
fRcE 2, ¥, HATICEHAR LR, 2000, 3KLD 7 — V) TR OBBIC S HETDH 5,

REX, 77 v 7ORFEME 1], 79 TORGFGEME (18] 25, T UL~ ORFEME GERgF R T
LV RMERORMANCDZ Z k) 6] LEMTHE 2RI ILICLD, FHBTLWVI DO VHITEHR
WERINTWE2EILADRT 5,

nmk@%@ﬂﬂﬁkﬁbﬁﬁﬁ%#%é#,%m%%ﬁk?éﬁ@ BRI HITHAET 2 R0
QEOT, HBEXRVWDDE L THEmS

8.1 T3vIDRHIEMN

BIIE, 77 v 7ORMNENZRTHTH S, ZOMZ, SROVBEOHRECHEHEINTED,
XHREHT & WS R 2 EBANCHET 2DICEL TWS, 77 v Z7O&ME, UToXtidhxnd,

2dsinfp = nA. (8.1)

X% RS 2 HFOMOHB o7 & (WET BNRONBIH LT, 7L —0BRONIIZ, |abl+
Ibe|= 2dsinfp ZFEL, ZAMHEDEMIETHIUL, HVICEDES THICED 75 v 7 RS
3, LVILDOTHE, d =d/nDE>12, MTEMBEERLELT, XOLS51HTRT 208 —
BT B3,

2d' sinfp = \. (8.2)
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TIT, BN LT 1 OBMEZRITILTITALI, ASALREMAIE, 5L TELVDES I D2,
BFHEPHED LS ICEB L 16, HEDEZ?, ZRTIERE, HFICK 5 REIAGA & oA
CRDIED D He M FEDNRT 72 TH, BAZDOENCEZ6NRPo7DT 2,

8.2 TUIDREIEM

7 TORFFEME, 1912 4, F v (Max Theodor Felix von Laue; 1879/10/9-1960/4/24) %3
XEREHT e WO BHREZFHA L 21, ThEHiAT 27D HWENR 18] T, MB2 22| L
TROR TR EN 2,

RoB — ARy
= ‘RORl‘ cos 3 — ‘RORl‘ cos o (8.3a)
= R()Rl 81 — RORl *So — no)\. (83b)
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Y 22T, MRy & Ry @M TETH B0, RoRy (CIZMROD & 5 RHR&M 25 3,

ITR; =nza+n,b+n.c. (8.4)
ZZT, ng, ny, n 1%, EEOE, a, b, c ZEAMERY "L THS, ThbDL, 7V TORHE
frcld, EEOEE, n, ny, n, LT, X (B3) LLOMED, EEROBEMICR LR TIRLR
Vo AR & Ry WEMRMETHTHS 205 i, &R (B3) HH50 5 ny, ny, n. ORUTHL
TRDVRTNIR SRV e 2 EKT 5, X (B) LHDMEIZHEAR, RoRy-s1> RoRy -sp D& &
EDMET, RoR, -s1< RoR, -so D& FEADMETH 2, [MED 1L, HEREELTELLTH 3,
%7: RoR, -s1= RoR, -0 Y251, Ry, Ry #L 32 ATEBIFTHS, = OEETI,
RoR; - s1= RoR1 -so £ 5 £ 512, Ro, Ry #EELTHHAT 5. v 12w, [AR,| = |RoB|
DT EFZEZ %, Ro, Ri BEUEE 7L —DHRBIRENCH 5 & Z, Ry, Ry & EOMRENC TG 22 FH
MH BT, ZOFHEDLEDMETHIE XN TS, RERIZFALTHS, 2D L, KPHETK
Myrex, AALKSAVRFECICRI2BEHTHD 5,
779 JORFEGETIE, £3, FOFHLEOEY I THELEN THIHRBEOEZXME LD T Z v VH %
ERT D, ERSINZT 7 v ZHIIH L TASNA L KA L THIUIHBEENLFE L THS, W0

\ m\ ™
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i} e
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8.2 T ITDETEM

2 XLOM Y 5 2 7k, X (BD) [pE BV LER (B2) [paE] kb 3XTHOEK G252 50
M7y FOREEM 4] THDB, > VR Z 3N (D) [pag], R (B2) [p.oE] oBF%RICE, 1K
SEMEICH U CASHA & KEARE LW EE X 2 &, HEE2ZENY, 205 1 XtHE 2 XtHD
HHREEDBEATNEZDTH 5,

T, ROHANDEFDID, UTFDZeZ2ERLTHEL, X (BI) oMz XMooKk A\ TH O A
LT, ROXEHRZ ZeHTE 3,

iﬁﬁ(%—%):m. (8.5)

Lo (B3) £z, X (BA) [pap] 2 RAL, ASHKE REHEDBPEANRZ b, Ko=so/A BLL

(nga+nyb+n.c) - (Ki —Ky) = no. (8.6)

8.3 IN bDOREIFEM

8.3.1 I/NIL FDIERIEDERE
X B3 [p.O8] &, WETHA O LW T Hypy 28, T 00 FERERHEICHEH > TW 2 RWERL T
% (5], P, BBRZ PV Ky & K) OFBOIHFT, TV MROFPILTH %,
IV DREGRIFDFRIE, W THEARY PL a*, b*, ¢* BRD IS WCERT DL 2505
R %,

. b Xxc
a = m, (87&)
cXa
b= X2 .
a-(bxc) (8.7D)
¢’ = &. (8.7c)
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X (B2) O%5fta (bxc)[=b- (cxa)=c (axb)]iX, a b, cZHr 3276 HIKDKET
H5 (K3 pod ZH), LOERKDLS, BHHLNICRDZ EHVWZ D,

a-a*=1, (8.8a)
b-b* =1, (8.8b)
c-c'=1 (8.8¢)

X5 bxc X, b, c 2 T35 HTUAEOHBORKEZ X 2FFH b & c Il L THEERRY MLl
LTERINTWS, cxa, axbIZOWTHHEELZDT, XD BHLNLTH 5,

a-b*=a-c" =0, (8.9a)
b-c*=b-a" =0, (8.9b)
c-a*=c-b"=0. (8.9¢)

FxbbR (88) [pO8), X (89) AT 5 & 512, 2k (87) [pal Ta*, b*, ¢* 2EHELEDT

b5,
h k1S (hkl3EE) 25220 TRZ Hyy 2328, OHpp 3—RiICROATEI NS,

—
OHp = ha™ + kb* + Ic*. (810)

T IT, O TEATH S, REICOHBD, Flds P, AEORIK~Z kL K,y 7 Ky = PO
L BRI AN MRCH B, EREEEXE 20, AHXBOAEL X420 LTI AL MK
O ZHODCHEEX Y, ZORMEISHEHETE Hyy BPOo- &, K| = OThk; DREFEET, K
(D) 5 KDRARD 370,

—
K; — Ky = OHpw
= ha* + kb* +Ic*. (8.11)
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X84 3I7—DEXEY 27—/

I (BD) [p.o7) o705 2 gk (B1D) Z2fRAL, X (BR) pog], X (B9) 2EEL T, X (BD)
[p.07] FElZFHRELTAL S,
(nga+nyb+n.c)- (K —Kp)
= (nya+nyb+n.c) - (ha” + kb™ +Ic*) (8.12)
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52k) Mil-ahnseE, K (83) [pog), X (83) [p.ag], X (8W) [p.aa] TREND TV TDRHFSEK
tDsliiTe EN b, ThbbB I VUL DRSS 70 TORNEMFEFEMEDOTH %, TITRLIELD
W77y ZTORGFEEE DEMTH 205, TDI LIFRD 832 DFtik T, X DHL2ITR S,
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EROTO T TER TERVMETD, SEMMNICHEF L = UL MREZR 2 & TRELICHERF
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g2t 1/|OHhkl| DT
H
Egﬁémma+mp+nﬁy:i£&y. (8.15)
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— R FH O FEREIRD XS ckREN B,

[BALERRAR 2 PV - [RIEARZ L] = [ & D EEEE. (8.16)
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REA D5, AB=—a/h+b/k THD, AB- Ol &, RO L5 ICHETE 2.,
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=0. (8.17)

L7585 C, i AB 23 Ollyy — ha* + kb* + lc* CRETH 3 2 & 8sN, FREC, B
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e d T A e—— a —
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8.5 HEMH & [EE

101

8.5 HBERrEZE

8.5.1 WRFEANRYI MILOERERICOWVT
B51.1 Hf a*, b*, ¢* ZHER (B33) [p.B2] D
EIICEERTBHDH

ARET, T ORFEAZTNE L7,
U DICHREFHEANRY bL a*, b*, ¢* DEFRD
HHFE L, BE, DOLICERT DD, iE
ROBEKRICOWTHZ TWET 2 ENTT,
B51.2 [E%

a*, b*, ¢* OEFIF, X (B7) [pHl TIT-T
WBOTIA, ZhiE, R (BR) [pag R (R9)
PR BEH IO L 51T 57D TT,

INSORAMIT B & 51T 2121, R (KD)
[p.Hl] DX SITERT D LOLRVDTT,

X (812) [p.ma) 2253 (RI3) [p.o9] DL,
N (B12) pW OnFEN I/ B RAX—LZHi:
T, RIVLAR—LPEHICR D L5 CT 579
T,

A (RI3) [p.od] 1381 & H BT a8, Bz
X a -b* RE¥RELRTRWMEEZFD K (BI)
P09 ONEOFEIIBEBIC SRR £T,
FfEiCa-a* =1,b-b*=1,c-c* =1 OFKH
MHRALBZEIFFTFEINERA, £O7RDE TV
TORGEMHETH 2 (B1D) [p.od] O AR
BerirhidIzsizwn, WO EEPHNTLE
5DTY,

ARETIE, BEERICOLLDIRTWVWT T v 7D%
HrEInL, —RZhe3iciRIs7 70D
oGRS £z, 77 v ZTO5MLE ML VWS
ZexEmRL, JVIZORMNEHDIPSLZ NV FDR
&R ERT 2, LW FIEEBATHE T,

IV DRGSR 7T v ORGSR DE
fficd s IicoOVWTIE, §832 [p.od] ZFHA T
ATLTEN,

8.5.2 REMEEZEMOAEDBERICOVT
B52.1 B AFACREANELLLLES
DEHMNZDH

M B3 [p.Oy] TiF, M ACEELHTL OPH

Do THRSE, 2 HPA ¥ 2 OPA XL
WEISITHRZET, ZOZO0AEBELVWI L

T, TV MOEMEZLT, 77y 7 O%MF
Zi/z3 22k, ZOMEOBRIFEZEMT
BRI TH 270, AGHALKAAIELVLE W
5L OBRMBBDTL £ 5D

B5H2.2 E%

LoMETHEWDD F¥A, L HPA L
OPAIFFHELWVWOH D TERILTH D £3,

WS T OHRITEL <, BROBRPEZTIERL
DTITH, ThEERT LT, MaFoHi
WFIEFIC IR TE 2 K51k D £5,

EEOHEMRTY, 77 v 7 OREEE,
Y TR, oL b DRSS DEMTH
5ZeZFHATESANEZ, HDEDVRVDTT,

HREERT 203 h7%08H L < AB,CD I,
IV MR R 2#i< 2T, FHANCHA
2% [7720M) 236 L RE 579 0HBIN
RRETT,

B2 b OtES TPy %, FmH ABCD @
FHBE5EKILID8 DT, HE~RY
FL PO & P ABCD 72 3 fiHE ¥ R~ 2
A PHpyy & VI ABCD 0% TR, oIz
7 v 7T,

fhmmz X B3 [pay] @ OHhkl JE Dz nlin X
L5ZEMTELRDOTITN, 2535, HlOitgt
M Hppry % TV FERORENCHFIET 5 & 512
TE%E9, Hypy R 252277 v ZHIEN
2 WV OHpypy, % TR 2 %595 2 P A'B'C'D'
X ABCD 2 3Alich b, 77 v 7 REHA b i
WKWHRZD X7,

BELR S BV (RS~ W) OHppr % HEE
2T AMHMN T T v JHETITRE2DTT
A3, R (ET) [pEE] % (82) [pHE] LAAIS BN
¥, ZDEI BRI LW —ARHRTZD
Z, LA > TLREVET,

WHCE 2R, WS TOMEE Los W ERT 3
&, TOXIRT—R BTy —RAH50IIEWH
r—X) otRTco bBbIckhEd, 0D
BHEBRVHLENE, FA0OFERDTT D,



102

B8E W TRERT L AN

853 EEMLYEMTOAEICDOWVT
B53.1 B ¥ TOHEDRFRENEEZMTD
BDII>Dh
ZLTZOHANS LIELWE LGS, Wik
MITOAEDREBRMNEZEMTHMDLODD, L
HPA ¥ 2 OPA 3% LW Z 3TN0 + DG
SR TRMCH 2D, EEMCTBIT S
NGB Y oL, WZEf o 2 HPA ¥ £ OPA
A BEED D B DR Y, Z L BN D D £ 5,

B53.2 @&

B3 [pAR] iIZ2oW T, FOMEETHEND
DERA, 7272, T oL FERIE, AL AL AS X
TROWELAR 7 DIV P T, KW 7 F
O T9,

WIZE[E & SEZETT, AEOBRIEFE LI D
e

feihZ AR X2 2 b k%7220 b [FIR IS B #R
TR ZDOTTH, KBS [p.OR] Hyy O
T RBI L FERD Fic#iofze &, Tov 7
REDPBEZT, TOL EORGHEEAS h k1T
H5, LVWIBVHELETD,

K gt H%E o~ HPA ¥ £ OPA @23 b
TERILTHD 3,

W7 M 77y 7R OBFRIZOW
T, §832 [p.od] OFth e S L T 23 W,
8.5.4 ZFHMBERHGHBEVWCDODHHZIDD
B54.1 B FEMICAMDEZ>TVEOH

RIS o722 e RBHZDTTH, BRETIET
T TORFEMHETIEEBRLENDDD =L
FOREEEERAOCHIERTEZ L DBEEL
MHoTDTTH, E5LTEDLI LRI LITR
ZDTL &I, EHELBRFFMEZHODTD
DTH2DIZ, REAMIIDERL > TVWBEDT
L & 92
B54.2 B

IV N DOREIEETIE, 5, W TEARNR
M EVIbDEERLET, ha*+kb* +Ic*
TRIN DT TR (T2 — F) &, H2EH
IR WA TWE T, h, k, L IEEBEETT,

Bl Z AR T ORGSR DS E, T2 O BRI HE

N7 MU A aveo &5 RarAwiRe, JF
BANEL QA TWE T, a, b, ¢ DEARIHEN
7 PNVEFICEZXTHhOBERLLTVWET, 42
0%, at+b+cDAANPLEZE 6 AFICH
ZET, ZHZfE-oTa*, b*, c* b, AL LD
iZa*+b*+c* DAMPLRZ Y 6 AGICAX
£9,

WS T F S O 28T 6 MWk m08, Flx
RIE 6 AR Y, 22T 1D BRSO D
5, ERZORPT AL MNRTH B L=, A4
X iz & 6 DO FERHTHR 6 7 — A A
EHLET,

ETAW, 7Ty TDORENER T Y DRt
T, ZORMELEDLSICHARLEZS LWT
LoD, bDFTILKEMIARDET, WS &
D IR ATRET T

FUTDRMN, Ty D&M, oL DS
HFEEL FMiBdDTT, 77 v 7 OEMFIEERK
DHRIFICHE - T\ 2 X B [p.o6] 2 L Tl
HICHETEE T, JVTOEMED, 799270
St & DR HFE T, ME2 pag S L
TRALDEFETEET, £ Z2AD, T LD
KS5F (K B3 [p R 2M]) 2z s FfiT
Hab, LOIFRMIDHFE Y —RUTIIR L, K
FETH IV IZOEMRT L - DS E L
TVWARANEHED VRVDTT,

VN3 2 FMTH2ICbBbL T, i
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ZB5DPHEFRTT,

GFEFIF, BWVICHICHE L2 & 5 2BEfRIC
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FRODFIHROIZHRT 2B LIELIEDD
£9,

EFRDPEFROMEX, ¥V 7 4 — (chi-
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BFETHB, tHHFEL

2001 fFi, BKRIARAED ) — Ut EE %
ZELOTTD, FEMBEORIE w50
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56, RARTZLEERT 2METHD, K
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EHDFEEA)

AR, RS TEROE ) P a4 FEESR
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PETHIFETDH, F7V T4 —OREIE LI
IR D 5
8.5.6 MERICKD XIBORFEMHIZOWVWT
Bn6.1 B/ n,, ny, n., h, k, | BEEEREOH

HREROFRBICT I VTORFAKAEDBIT
B Ng, Ny, n, &L DRHFFMHFITEIT S h,
ky I 3T RTEHER>TVWETH, TNTOHZ
EERRTROIE TIRTOER L R201PEK
THdeEVE L, e, B WS LMK
5DTL & 9D
B56.2 E%

X (BA) [p.EE] D ny, ny, n, BEOERX (BR) @
hyk,lOZ e Bngss, £9, a, b, cl,
(RZEM D) HAMERY FLTT, £2LT, a*,
b*, ¢* &, WG FEART LTS,

ZLT, ng, ny, ns, by k, 11, EHTERL
BBTT, HRE pMP T, 47 —DR%
flio TEBZHEFEBRINET 255ICE R LTV
DT, BEE WS BEIILEICRE 2 05, #icAR
RICEZ 700 HNEE Ao

BEBRI 72 BT 0 2 BB L, R R BT H 5 5
B HICHEBE e BRI e R OEERZ, HENC
JGUTHEWZ T RTIUIRD 8 A,

2dsin = n\ DR TIZ, d, 0, N IEFEHTT D,
nAFEBETRITIE, 7T v TREISRHETIE L
B0 ET, BTOEF D S DBELE DY
BREOEELE, W07 7y 7E&HFTT,

(7597050 T2y T=UL b
DEM EFEMBZDOTTH, (77 v 7% &
WO FETHR—LET,

H/DAL ARG, DSR2 0 S FEEEE -
TW5EEAS5DTITD, EHLILAKTFOHES, 1
DOHAfIDOHNT 4 8, ROITETFO%E, 1
DOHMNEOHNIZ 2, FFPEERTVET,

HANENZ bl a, b, c DEXIZ, HAfdo
fit, ¥, MmXTHD, AHBTOHE, HVICE
RIT2ECEXDORY MV TY, HOILHETD
B, BAROFNCEREFAFEE S, HAf
D8 ODHMDAMEIZ, 13D, 6 ODHEHDH
MZ 1S D, RFPFELET,

HADHRDOMEDFHTIX, 8 DDHAIIT,

HEXNTWBDT, 1 DDOHMH-D D,
HDDOMEBEDFETIX, 2 00HMETHEXRT
W5DT 6/2 =3HDETFH, O DoDHMED
HIZEENTVWET, Gat55L, 1 DDHH
oHNZ, AHDIRFBA->TVET,

RO TR FO%E, BAldoHuiz 1E, B
fifdD 8 DDOTHF DM EZ, 1HFTOHEFHRH D
TIH, Fhehn, 8§ ooHiETHEINT
W3DT, 1 20OHMEOHICIE, THADFREFIX
1Td, Auiic 1E, THAZ 1T, HAfd1
D720 2HDOIRFH 5 Z LITED %7,

AREGHOH 2 B [p.0d) 12, THEBAL v
IBENHINTVETY, BROETHUV LD
DHAflICEERTWAZ X, EEES L, H
BHIWCERZHEE5ZET,

FONEREMALCEHRT 2, 205 DEFAYIIE
RBOTID, BDATEZSVIHLABZIToTW
£9,

/O EmOHE DO T ROBE S HED L
HRODMEICH 2 72 H LT, BAREOTESR
DB TR FBEET 2D LTk L T
WX,

Z53 %L, RTFOMMEL DT DOAEZ R
ARZ FUIE, ngatnybtn,c ERIN, ng, ny,
n, DERTHD e Wahd e B0ET,

X B2[p.a7] ® Ry & Ry DEHWTHZH
FUFEFDOH D TF, X IR AS U ICHEL
SNFET,

JRFICREL S N2 DN TR ZE A S &
XTS5y IRFPEID T, MEIHIS) &
WIS DX, HEEENEREOBBEICRE WS Z
¢T3, X (B3) [pub] G noX £ ->T
WETH, TDny &WHIEHX, X (BXR), (BE)
[pI1 DEDICHEG LT,

RoR; ORZ M A%, BT LETEERRY |
NMIZBRELTWS 72D, ng, ny, n, 1ZBEHETR
TR LBR0DOTY, 2L T 156023880
MR LTy B2z s nwod, R
(8B) [p.oa] T¥

R (BD) [p.Ea] &, 75 v 7 rehmldL %,
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Z LTk FHARS P L%

. b xc
vy (e (8.19a)

cXxa
b* = ——— .19b
a-(bxc)’ (8.19b)

. axb
c A bxo) (8.19¢)

DESRXERT DL

a-a* =1, (8.20a)
b-b* =1, (8.20D)
c-cf =1, (8.20c)

a-b*=a-c* =0, (8.21a)
b-c*=b-a" =0, (8.21b)
c-a*=c-b"=0. (8.21c)

Fo (52m), (52

) D& 31Tk B 70, K (RI2)
pW] ONTHEDZ B AX— 11372 <%D, K

(BI3) [pou] @ & 51 oIz D, Zhudy
RBERNCI2 2D T,

zLTczxi, KX (BH), X (BD) [p.a1] H34D
E91Zng LWVWIBKTY,

F72, h, k| BT,

no BB TRINXRSRVE WS DX,
WD T, h, k, | DEETRTIE, 4R,
no (FEBTRLKRD, Tng 3B = T2 TOH
T S RELIE O YR DR OREBUE ) v S 5%
HERPWNTLES Z IR D ET,
MBAD2O00HM%Z M) tadihLE L
2, THET) 205 SHIX, XEO#EKRT, THL
MEN DOFAf 72 M) NIRRT 2 Z 82D £5,
NEF) LWV e EDE5RbDEESI 1 dHII
FHAD, KEIOHEZTIE, TEFE O MEFE
Bl rwsbone, lET) OMSE2IRT %
ZrIiZih 9,

Lo, MOSRHODOMBEIZRFLEFEEL
WV, ERELTITWE L7edy, FEBIIFETS
ZHRDRHDDNEIZH 2R F 2 HEELE N 5 X
MR e BT O TER D12 X 2 Bl X AT 5
HLAES THE T2 XBOKEBHEKRLTL
F52eHLDTT, ZOKRAID, HIEAIZD
TID, ZIEFTRADLBEWTEBIS LEST
WX,

B56.3 B TN FROPOLREP &Ik ?

I b DREIGHTD, T80 FEROALS
PREDESCERINLDTI D,
B5A.4 E%

i X OB~ 2 L PO IE, Basd P&
BHA 0, BEMN /AN E XBOKE) oR2Z b
VT,
FIWEFHER O ZHRANCERTLHDT
T2, oL MEROHUD P X, WS TR R
075 1)\ OO L =312, ZLT PO
DAS X OB Y bLe s k52
Eh¥EF, EHiE, FHERZ PLOKERT

BPEN O 2IZUDICERL, R b
LDBETHhOT UL NEROFLE P % 5
ETERTZ0OTY, PO LTL/A
BHRL T BERA T UL FERT T,

BhA.5 B TN MOERETHERZRERESE
3Ll

TV b DREIGHDOFAT TiGsh% DigX &
5] tBoLleoTWVWELEY, BERNICED X
SWZEHRE 2D TF D, WA & g+
T UL & 9D EROMLTT, EDB KL D
5KBWTT,
B50.6 E1&

FEERDFNLDTRE % & FEZEMTOHANWHE RS
Fla, b, cHREDFT, a*, b*, c* &, a, b,
c ZHWTHA (BI9) [pIE O L5 CERINT
WET, ez EEiXE 5L a, b, c 2EHLT 5
DT, a*, b*, ¢* b ZAEHE L TR FEA O
ZHLDE LTHERL £9, hk,l OfEEEF o 72
WS TR ha* + kb* +ic* BFEIFHC O ZHh e L
THEHHET 2 Z LI 2 DT, W TZEM KD,
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FEEmOEEL Y [FRHC O ZHD e LCHERS 5 2
LD ET,
B5R.7 B 75 v I DRFHFIZT
DhH

7T v T ORGFEMHEE, TETIERVWHRZE
EBoLeoTWELRED, 77 v 705
AR D 207D TL & 5 D%
BhA.8 [IE

77 v 7 ORGFEMEDTEETR VO TIZR L,
BMEPETRTVEWVS Tk, TV OER
BT 2, TG THEmT IR
HBENVWSZETT, 77 v 7 DRFEME

EETIEHW

2dsinfp = nA. (8.22)

WOIEEIY I TREINET, TR
T, AROVEOARF CHIERINTVET,
RO BB OHELH D, ZDHEI R T
Eikam AUV, 2ROV EDIE, BTON
DT 797 TS, ZORFIREREINT VIO
REZMED XD ICEMER Z e 2B X B TOVWVA
72, M 20 KEBELIENrDOR—-L VR -
7y FHEFEIE TREGIEASA & SA 3
CRDEAS | WA e D o77255 8
WET, BREHo L THELS N TAGHA
Y REHABE LD X HBEEN TN 5T
T, ERILTEZATATLEI, F&lX, Ho
At REHaRE LW e R, YD ETOHEE
ELTHI-TVWET, EIABZLDANE, £h
PHOTFHOMBETHZZ 2D A, EL
LREZZiedhh 3,

br, 77 v IRKEEZHEORA X, B2
HTEM O Z&Tr 6 DMK T AT L HER
FREFETZHEDHDETH, TIWVIKRMK
(6T —R) 77y 7DEMIZFTRRAT 2D
X, IXEFATRER DT, WZERICFEET 5 M
R FRA O Z&HT 6, 8, 12 HDWHits 1
FPFET WS 75— (B —R) &, filz
X1 2OR=ADH 3 LT, HEEMOMD I
OxZALEIBEFEEZ S Z 2K D fHICH
frcxEd, ZRSKMDTRITHIEF L UL
FEROMBRIIMNEE R, 7T v T ORIMEHT

8.5 T IODREENE

RS 2 DT DTS,
Bn6.9 B 5V IDRNEKEOEK

7 LD RHIFNDFRARDOERD K < HfigT
XEH A
B5H.10 E%

REZ, DB XZ 10 FEificEZHD, fE
HMESLBEEZEDRLTHEICE> TVET,
Q&A ZFRINZE, R=IEEHTHh 6 R—I T,
COEE—EHEANIHTHATATLIZEIW,

8.5.7 WRFICDOWVT
B5 7.1 B SUIDORFEHFICOWVT

A (833) [p.0] FCIIHETELDTTA, &
h xR (830) [pap] 234 2 — L TORd % B
BEL DL FERFATLRE, ZHUIREEXTH
ENBDTL ES5H7?

zhy, R (RA) [p.o6) A EER L F 55
B5 2.2 [E%

MBI ZZRLENS, LREFRHATLZE W,

20DRZ VA, BAH 3L ENEDERIZ
ROHEHTT,

A -B = |A||B|cos?. (8.23)

ZZT, v 3AEBODORIATT, Ak Bl
FNENHN 2> TED, ZADN—HETHoT
HESTWTHMNEEA, BIZIE A HFELEM
DXRZ PVTT 4 XY ay (Bi) 2 [m] TB



8.5 HEMH & [EE

107

HEETH 2 L TAME & - 72 ffIE (m?] O F 4
Xy TaviEFOILICRDET, A DR/
DHARIWHERY "o GFGET A RX YT a v
¥ [m], B TFRY MAESBET 4 X >
YaviE m e DmEEONEE L o 1MHD
TARYY a VFEHEAICRD £5,

X T, so lFHAIRZ PO THEEAMNTY, K
XXX 1T, BEHD FHA. s; DR
TF. LT sl AR, IWFIFTF. s1 13 RoB
mﬁﬁfﬁoﬁﬁﬁiﬁﬁﬂ@ﬁ%é%%of
B, BAE (m] TF, NEDERNX B) I
HOWTiET 3

ROR1 +Sp = ’ROR1’ |S()| COS @ = ARl, (824&)

ROR1 81 = ’ROR1’ |Sl| COSB = RoB (824b)

HAIRZ VRN THZ 26, NiEE
LLEEEDONRNT IR LT, BARZ MLV

MORSEEEST 2 2 LickD 5,
X (83) [p.oo) %, UFICFHBL %7,
—

RoR1 =nza+nyb +n.c. (8.25)

ZZT, ng, ny, n, &, EEOEL, a, b, c 3H
AR Z PLTT, U, EE?ﬁE%Z%
DR FZFESINT I L (HEICIE R 2 BAEO
Sz R AERNRTZ ML) THD, ETOFR T
5 OREL X #iARD &S Tz 325 2t 2 EK
LEd. RE&EMFEZ, 55053 n,, ny, n, O
AEORIIH U THD LR TERD FH A
Bn1.3 ER FRFEERNT FLOESEICDOWT
HAFZZ 4 F p.6Ii2BIF5 Ada~c, Aba~c
DOHEIZOWT, MHrHFEDHLDTL & 50
Bh.4 @%
HBEZNNIDH 2D BHNERAD,
A
B5 7.5 B ERFAT FILORIRAICDOWVWT
a* ZA[HET 2 Z L IEARTRETL & 5. B
FRCHERD 2D D HRE D #HLVWTT L4,
B5 2.6 B
2 XD E
%, 3/7?7130)747::0) a*, b*,

GNESSIDR-S

, b* 12OV TN B [p.BY
c* IZOWVWTIERE

BEKTH LERZRWO T4, KE2 [p.Ba] 2%
BLTLEXW, a, bt a*, b* OAERR, a,
b, c & a*, b*, ¢* OMEREFRIIX @1 [p.B2,
X B2 [pBd] DD TEXVDTTA, FE2AEMDE
RAFHERZ MIUET 4 XY 2 U [m], WiZEH
DWHAETFEARNR Y MLDTF 4 XY a¥d m™Y
EREoTED, EEMEFZEMTORY ML
DEIFIHBETERNWI LITERLTLEX W,

fEmERT 2T o 72D & D 3 RITDWiHE T
A h = ha* + kb* +lc* 1%, MZERINTEARL
WATWET, TFFFCRVDTTH, HEF
a7 —REDY I M7 TZOMTFERS Z
ENTEEXT, 205 blFEcBERL X5 A
WX,

B5 2.7 B EZEMICOWVWT

W BAHENICHEETE LA, 7V ZE
HOBHBKREHERTBo Lo TWLEEASDTT
3, EFRCHEREY D 2D TTHh ?

B5 2.8 [E%

WZERNE TRARR 7228/ T3 A%, Z ZICHif
BHDHEEZTHVWERA, ZLENEEa Y
Va—X—OHIFEL, EMeR2512%, V7
MY 27 OB EREE LET, FIZIETI AR
TR L2 EIZ SD 7 — FOHFICEELET
D, VI U zT7PRIFNUIRZ ZLIETEEE
Ao THNEFLZETTY,

Xﬁ%m%ﬁ%ﬁ%?mmﬁot73y7“¥

, BIETBEERBE LI~ —F > 7403, X
ﬁ CT(Computer Tomography) ZF L7=7 7
Yea—xv 7, Ay RTV—NYYXT 4 —
VRS, MZEEICBYD B TR MO LT
WL, Aava—X—%ffio TEBRANELEHT
BN LIANTEB T, 77 v Z7RTORE
R, avPa—X—3EFELEEATL
Too FRHRT7 -V B ELDTE,
50 NFEX ) 2T 2dIC, TOFRHEOH
X Z BT TMLVWE B T0ET,
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BR2.10 E%&
AEDYWHE T T L FER Flo# 2 &2
(8D) [p.oa] iIcRAT 2L

(nga+nyb+n.c)- (K —Kp)

= (nga+nyb +n.c)
- (ha* + kb* +Ic") (8.26a)
= no. (8.26b)

Lok (BZ6) »EHINET, FRAX— LA
(R#ZIH) 1X, nga- kb*, nga-lc* 2T, KX
(B263) TLEOXZ b FOXZ ML ORTEE
2% 13 2H)) X520 0EZT S
7DD X Ik TwET, NFEIIZAEE
A (§6T2.2 [p.BA] M), 2K D LDDT I3,
JURRAR—LPERIZIRD LSI2a*, b, c* %
EELTEBD, 871X —24lFa-a* =1,
b-b*=1, c-c*=1IKRZXICERL TV
30T, (K268)=(8Z66) [p.Mms] 2350 5 2127
DILH, TL b DORFFEDHRICEATE S
DTY, ¥7R (A364) = (A366) [p.B3] 1k, &
(A3368) [p.B3] 23 nya+nyb (ng, n, FMEEOE
) oA U TESZED RN s, R
(2238) [p.B3] 2%, a, b, c AL § 2 JEHIEIEK
THHILZRLTVWET, 2 XTOHE S R
T,

858 NI MILDERICOVWT

B538.1 B 2 RTOERFEARNT MILDOER
IC2W\WT

X (B332) [p.B2] T c ZEFKT BT |b] THl-
TWELZD, BzHiZ 5707207456 |a| T
HoTHRIUHERICRZEWVWIZETLEIH?
B538.2 [E%

ZOEHTY, |a| THI-oTHMOELEA, [m]
DT AR aViFiolc TTADAN T —ThH
UL TEI> THMDR VDTS, |a] RV LI
|b| TEIDHZ LTI a- (b x ¢) DED [m?]
DT 4 AT arvRoTLEI ZLIIKDET,
botdIDEIDEEZLZSTHNAEI [p.BY
ThbxcBLUcxad [ m3DF4 XvPav
RO EITRDID, a* L b* DT 4 XY a
Vi3 [mT kD, MEBAELEEA

AHT7——HEETH5 a-(bxc)h 4Rz
MOWRIC2 5 Z 8 ITENEZE T T |b| THID
HI2WO UHEHL % L7,

B58.3 B AHhS—=ZERIIFEBETTH

AH T —=HEOHHZHD THE, IODE
KT 2RI e HfETEELi, 22T, R
h 7 —ZHEHREIIMEEZRD272DDbD VS iR
RTH-oTVWBEDTL &I ?

B538.4 E%

LEdo@E b OMBETHEVWD D £ A,

B538.5 B JORXRF—LD LG KRBZILDE
&l
a-b*=b.c*=c-a*=02L7=W\WEDIZ
a*, b*, ¢* PERLLMNAUIEMTE/0TT
D, £9725 2 TEIFENKITZR DN KL
LY ERATLE, TOERITE ZCHEMX %
FIELTWEZDOTL LS ?

B538.6 @&

0% [pMmd T, T OREENEERR
T3BoOR (B12), (BI3) [pou] #LARICHEEL
£79,

(nra + nyb + nzc) . (Kl — Ko)

= (nga+nyb +n.c) - (ha™ + kb* +Ic*)
(8.27)

= ngh + nyk +n,l. (8.28)

X (BZ) 132 o R 7 F v (ha* + kb* + Ic*)
EEEBDORY bV (nga+ nyb + n.c) DNHE
TY, FEEMONT bIIFRF R FEfise
TONRY ML (BEIE BN O i 70 s F) L %
FRETONZ ML) THD, tWHEHOLBDHD
59, ZORDERDEBDOM ny, ny, n, 10
LT, WTF~Z L (ha* + kb* +Ic*) £ DM
OB TH L, 20 DPIT L DR
TT, ZD®a-b* RN 0 THRVERDEE
oL (nga)- (kb*) D70 RAX—LNERIZS n,
WXL TAIANTOEBuCHEE 2, A (B2R) ©
SRR T ERLSADF T, FAffICa - a* Ry
HHOLTH 126X T0IUE, STLILX—
b FE, BRD n, L TANIANTDERIC
70, 2 (B2R)=[RH] &\ 5 DR ARRER
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Wik 1 7 — V) TR LR 2 BRI b EET exp [i2rh - (r + nga +nyb + n.c)]
T Blziza, b, c ZEAML T2 3 KITOEM = exp (i2rh - 1)
B, R (2z9), K (E50) [p.aI) TREh s x exp [i27 (hng + kny + In.)]
B expliznh 1] ® 1 KEETHRI R TER (8-29)
=exp (i2rh-r). (8.30)

D¥®A. 22T, h= ha* + kb* +Ic* (h, k,
LB TF, expli2rh-r] 2¥a, b, ¢ ZJEH
L35 EMBBTH 5121E, ROFKM RIS 7%
THEZD £ A

EEOEE ny, ny, n, ORITH LT (B29)
= (B30) DO LORBENRD D £33,
exp [i27 (hng + kny +In,)] VEICT 1 TH
57-9121%, a.a* =1, bb*=1, cc* =1
%D, ab* RO/ AR —AIFEBT
BRI D FE A
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Dotz FEOFRERETH > MEGVEREZITV, 22— X —2HOTHEROBHBELITS Z
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X CT BEEHSGICB TR L TOAHENIASHSNATWE B THD, a—<v 7y
YRT 4= RIE 1979 5, J —~NVEMPEEZEDPGZ 6N T0S, XA X =Y 7 Tid 20 t#
FRARDOHEATH 2 Wb TWa,
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(a) BCC (¢) Diamond

9.2 (a) RDIHIET, (b) MOAAHT, (c) XA YT I TR TS

9.2.1 XFEREBERINICH TSI EEMEL €TDRE
XA ST 13 X SRR & O RGBEZAIE T 5 Z L1 & DfbmE R+ Fry ZHEL,
EFHE p(r) ZRDZEHITH %, p(r) F—RICRD XS 1TKSN 5,

pr)= > Y > Fuuexplizr(h-r)] (9.1a)
h=—o0c0 k=—o0 l=—c0

= > > ) Famexplizn (ha+ ky +12)]. (9.1b)
h=—c0k=—c0l=—

22T, #8E, X (D) pug ZnWLIidE aE, X (E235) pBd] &S5 ITHAKINERY L a, b,
cba*, b*, c*ZEEL, herzididd s

r = za+ yb + zc. (9.2)

h = ha™ + kb* + Ic”. (9.3)

r FMEANZ v, h G TFR7 bV TH 5, X MEEEBERT TRIUXNZ DX |Fu| TH D, 7
HARFERNTES, Tzl VwS, 27202 2T, MHA (RA) DED Fu PR ohT
W3 LT3 %,

K E2 1, (a) BOSZAT (BCC), (b) HDIZAKT (FCC), (¢) X4 ¥ PR 5O
KN OB FREFIZRLTW3, %IORTR R, 03 [plId], O3 [pIIE &, ZhboN FEFichts
%, 001], [111], [110] AENOEFHEEDFHELZARELLHERERL TN,

ERTFOHETISHIMEL X, UFOX5%Rb0TH S, BAFOETEE p(r) 23X (A1) T
XNz E, COBTEEL vy H, y-z H, z-x IR LZBEBTFEE~y 71, YOX5ICEE
TN, HEFEFLURTH S,

plx,y) = Z Z Fhroexp [i27 (hx + ky)] , (9.4a)
h=—o00 k=—00

ply, z) = Z Z Fop exp [i2m (ky + 12)], (9.4b)
k=—oc0l=—0c0

p(z,x) = Z Z Fyo exp [i27 (Iz + hx)]. (9.4c)

l=—0c0 h=—00
FoX (123) »E»rNZHEEEILITOBED TH S, p(z,y) 1& p(r) & 2 KOWTHAMBPOR X D572
J, Thbb -1/2<2<1/20XHETHESLTHELNEZDT
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[001]
(a) BCC - -(b) Fcc (E:) o—

9.3 AEZa ko TEHELL z-y(a-db) FHI LANDEBFEEDHNE p(x,y). (a) BWOILTIETF,
(b) HDALHHET, (c) B4 Y EY FERTIZOWTEIR I

pa) = [* ol (9.5)
/2 Z Z Z Fhriexp [i2m (he + ky + 1z)] d= (9.5b)
_5 h=—00 k=—00 l=—00
1/2
Z Z exp [i27 (hx + ky)] Z Fhkl/ exp (i27lz) dz (9.5¢)
h=—oc0 k=—0c0 l=—0c0 —-1/2
= Z Z Fhio exp [i27 (ha + ky)] . (9.5d)
h=—oc0 k=—0c0

R (E58) 253 (I5E) ~NOZHIE p(r) 12, —hd7— Y ZHEkER () 2RA L THHIT 2,
I (ABH) 2263 (E08d) NOZEEIE exp [i27 (ha + ky + 12)] % exp [i27 (hx + ky)] & exp (i2nlz) OFE
SHBELT, 11T 2 ISHRIFLIRW explizn (ho + ky)] OHE Y oshcihL, [V2) ), ofs
% 2 WHKAF S ZME—DIH exp (i27lz) OERTE THIZANT, X (I5hd) DREDHOEDNIZ I =00k
EDAHexp (i2mlz) = LITR-oTEERD, [ A0 % —1/2< 2 <1/2 OFIFT, =7 AKR—%>
X NOMEHMB I EIREIT 2 Z ik DERrICR 7D, HATLES, Z0kHR (Ahd) TiFX (I5d)
DY BRI ST Fupo BIDHEB 2 ICKD, TORPEHIR TS

X O3 3R (O5d) ZRWCEE &N, (a) RO, (b )m\jmﬁ., (c) #4 Y EY FEIETIC
MEB, [001] HENOEFEEOHETH 5, [FAUEHEEHVT, Moa [pd], KOS5 [piE o
k3512, 111 BXU[110] FAGFHELZETFRELRDS Z LTS 3,

X (20) K (F2d) b, FARLFIECL > TEL N TE S,
922 X#RCTHEHB/REROI-IvIDOVSHTLIF

aO—< v 27, KOO [pI iICEMLE &SI, B2T 2E2513T CT OB@EzERL TV,
BB LR THE ST ERLTE D, fficiil Lz TEFEE p(r) & -y FH, y-z FH, z-zF
ML 728 2D p(x,y), py,2), plz,x) BDEDXIWTRINED) LI Ve, ZHUTHT S
AEZH > TWieBbhd, ZHEE 272 LT, #HERL 180 EREzxE LB L Y N r Y EREY
T2 2MEL, Z2ZroMERZHEBRKTE2 0 ME 2B b5,

FRICFEATE =20 X EPWERICATH L TVWE T 5, HERZ : @E D IcEzxE2 L L,
Z D [alfigif % AR © 2 o-y SFHIETR 1RO — MROEL —2%2EET 5, 2O —Aal%, X
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- o . . ® . ° .
. ) . e . ®
. . . ° . ® . K3
. ® - ) . 1
- - . . . . . . e - ® .
(a) BCC (b) FcC (¢) Diamond

9.4 [111]AHNOEFEEDOHE, (a) DI AET, (b) HOILAHET, (c) RAYEYER
ARG FIZOWTEHE SN

TANLLEDEE 2 =201, 1L KDRE LTS TV R IETTH S, —/, WERD z-y FHEH ETORH
WARENE, p(z,y) DX DI 2RITTOBEKTH D, ZhD 77—V LW YR My, DFET 23T TH 5,
AEHLE 2 =0, y=0ZH5L L, a, bOXRZ ML ELDETIEREOHFHD —a/2 < za < a/2,
—b/2 < yb < b/2 DFIBUHEMRDFET 2 LIRET %0 p(x,y,20) & 2 KILD (20 FEH) MRAEH
JEIHIBEE TH2eEZRDE, RDOLI%7—) ZHBICEMTZ 233 TdH 5,

w(x,y, 20) Z Z My, exp [i27 (hx + ky)] . (9.6)

h=—00 k=—o00

iz 1 z::@fﬁz LT TV B, B 2 = 2 KB 5 X HOME zt<x,zo> i3, JU— I v
THERDEIICEKENZIZTTH B,

It('rv Zo)
Iy

= exp [—p(w, y1, 20) Ay] x 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) - M($7 YN, ZO)}} . (97b)

Y1, Y2, Y3, - -yn OREIFEE Ay T, NAy = |b| TH 3, X (I2) OWLONMEE & % &

o [H29] -5 1, 100 o5

Lol (ER)1Z, N =00 T, XD XS BRBETITR S,

I 1/2
log [(“)] = [ ute oy (9.9)
IO y=—1/2

FoxX (@0) FcEHET 22, ZofmiIc (B3ma) [p.a3] 53X (EAd) [p.r3] N ZH L 7FEicH
W=D LRI AEDR, BHTEZ 2215032, T4kbb



9.3 #5K% [HHE X B TR 5 N 7 Wi 22RO R L 115

[110] _
[001]
’ . . . ! » ° ] b s .. » . |
. . .. ..
" . . . _ » ® 1 | .- » LR
[170]
. . .. . »
[ . . . | » ° ] | - » L |
(a) BCC (b) Fcc (¢) Diamond

9.5 [110] HANOBEFEEDOHE, (a) BOILAHET, (b) BHOIZGET, (c) XA YEVE
AT Iz OWTEHE SN

1/2
~log [Iﬁ(f”’“)} — [ ey (9.10a)
IO y=—1/2
1/2 [ee) o)
= / > > Mupexplizn (ha + ky)|dy (9.10b)
:_I/Qh:—ook:—oo
o0 00 1/2
= Z exp (i2mhx) Z th/ exp (i27ky) dy (9.10c)
h=—00 k=—oc0 y=-1/2
= > Mpyexp(i2wha). (9.10d)
h=—o00

Lo (10) oZFiEfidX (O3) [p.II3] OZEEERE L IFEIC LSBTV, $72b%, X (I10E)

A o3 (OI08) Z2E S 21203 u(z, y, 20) D7 —V THEEFR, bbb (E0) 2AALTW5, K
(OTOR) 253X (I00a) ZEH 3 5121, exp [i2n (he + ky)] % exp (i2nhz) & exp (i2rky) OFEIZHT
HELTEICD y ICHIRIELARW exp (i2rha) OIEE S0 OFMTHL, fylf_w DD % y IR
35 ME—DIH exp (12rky) DERTE THIZANT, R (IO0) ODREDOEHOETIEZ L =0DL ZDA
exp (i27ky) = 1 IR THEEED, kA0DLE -1/2<y <1/2 DHEHPPATIZI AKR=F T ¥ LD
B2 k [MHREI 52 22 ickbE¥nuicksizd, HATLES, 20X (O00d) T, X (910d) O

T BRLRST, My BUPESIICkD CORPEHEATV S,

9.3 WEAZRESETRSNIEZMROBIEN

931 HL Fup (—Mpmae/2 <k < Mpao/2) BMESNBZ LTS

ha*, kb* ZHEERMETH 205, DBOREK D=, h(=ha*, k" =kb* ¥, H7=rdFHTDH
ZHDEITHDIS 28T %, ZOXICRT Itk d M(AM kM) (= Myy) 735, b0, k)
DWERICBIFE [7— VLR L WS A X—IWHBER3TL K555, $/222°T, hk O
Pl% —Nmae/2 < h < Npaz/2, —Nmaz/2 < k < Npae/2 O &5 ERZEBICREST 2 22127
%, BHEICEaY ¥ a— X —CAHRREMEZIRDES ek D, $HAEON L3 [p.BY] &K 2
[p.B2] IR U7 & S ICHERZHEH O 7 — ) ZHRENE Npae EREL T2 2 212K D ITOBBICIEOWT
WL, 7=V IR ERD B2, EE T — ) 1T S DHRERHIT, ZDHE Nyas DIEIZ 2
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DREFIZT S DB,

MMO ) BEEO KD wownT (EBICIERARER D7) BEMRETH 2L LELES
A5 MWW ) ®54 27877 40D —Npaw < ko < Nppag 1290V TRK &I
PHAYE 21— R—IZELNTL BT %, avPa—X—FEoNTERME MR, L) %
~Niaz/2 <h < Npaz/2, —Niaz/2 <k < Npao /2 OHEPFATHERL 72 2 ZITORFNCE ZIAATEY
2T, ZOBHONBENZEDEE 7 — V) ZLH YR 12 5,

TROBELTOMEHNE DB Meppry(h, k) WCRD XS IHEEZMZTY L,

Naz/2 Npaz/2

Mempty(h, k) = Mempey(h k) + > > M(hk). (9.11)
k=—Nmas/241 h=—Npas/2+1

INEBOFRRCTIERD XS5,

Noiaz/2 Nmaz/2
Mempty(h, k) = Mempty (R, k) +/ / M(h, k)dhdk. (9.12)
k=—Nmaz/2+1 Jh=—Npasz/2+1

2 2T dhdk &, FEPEROWEMTOHE m2] TOWOb—EDHETH %,

932 OBMADICHKEFZEEZSEIGE

WK E B B —ERETEEXE) 724 LT MKW k) Ofiz%oTElr &, otz
DEZF NR2KITLOEH] (2KTDORAEY =) KHEZAATOFEEI VDLW &, 25300y, #
BIRDEEEMA 0 % 0° < 0 < 180° ¥ L, #HllsH»o%EsnTERL MM k) ofie ko & 5 AT
REND N, K OEFNCEZIADITO VLS IC—REAZR %, (HEETFNCOWTIE, ST pB| BL L
S50 [prs] BIR),

h' = cos Oh — sin 6k, (9.13a)
k' = sin 6h + cos Ok, (9.13Db)

, .

(1 )=(ms w ) (%) (130

Bk F—RICEBRTIIR VDT, RHEW4A DD ML TEZAD I N TEZS1EMN, 2
NTH I F L IFWVDRN,

2 RILDOWZERTOE (0, 0) 205 (W, k') DEZTOHRE R(W,K') 2352, ZOMEIFRONTE

X5,
R(W k) = VI + k2. (9.14)

(W, k') s FEEERER T 4 ¥ FISE 7525 AR ORBIBR T A TWTHERD A 723053 %
rx, (W, k) MR8 30N OEREIE |[R| ARAG £ 725, R (C00) THZ 52 My XIS
DIEICHHELTWS2S, § DEERICE D |R(B K| WL 72 ZEfN o EEZIRE 3 2729, 28
HBI L 7=fl % 20 7= 0% (W, k') OFEFNTHAN LT ud e & 7w,

ZoHBEON (L), (E2) Y T2 RERD X 51k 5,

Mermpty (hy k) = Mempey (hy k) + ) - M ') [R(R K| A6. (9.15)
6=0

INEBOFRRCTIERD ISR,
Mepmpty(h, k) = Mempey(h, k) + M, K'Y |R(W, K| d6. (9.16)
60=0

Fhbbs MW, E) RV, K| %, 501287 5 =B MA T L 2 2127 %,
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94 BRr[EE

9.4.1 — ) IEHGFCIE
BRI 17—V IZHBGEHPRZZIE?

FRZEMOBITRZ WA, 77— TGk
HLHRHZ32] tBoLeoTWELED, 7—V T
BRI, ELERGR L DK EJIHEMETERVE
WHZETTh, 7—VIEWYRIIED X 54D
DTL & D D%

B 1 ADEIZE

7 — ) B OFEEB OB EITEVE, 1 X
TLH 72D OHAID [m™] v S REGER AR ZEMIIC
ERINBT, TQRHRT A TEZE
AW, TOEBRT 2 Z 22k ) YO RN

EboT&Fd, 7V bod> 7

NEBIIEREIER T, U0k 5 iddbah g
T HREIB:, VA OMER S ¥ TS
T 27-DDEETT,

0o 0o 0o
=2 2 >
h=—oc0 k=—00l=—00

x exp [i27 (ha + ky + lz)] (9.17)

where F) hkl = / / /

X exp [—i27 (hx + ky + lz dxdydz
(9.18)

WBNCT 2 Z L THRBOIAEN R ZTL 3
DTT, V4 U7 -B—LYR-TT7v 7,
X MASmAEMRT o 2 & % TH L WEEMEE (new
microscope)| & KU F L7z,

7 — V) NI T — V) TR D JE ] SRR RS
L7MfRT 3, 7272 LEBICIEA R HEPH b7y
TPIL £,

e a &S b OERLRHE [—a/2 < za < a/2,
—b/2 < yb < b/2, z,y l¥EL] TERINIAL
B2 blr (r=za+yb) @2 XTOHE f(r)
X, —o0o < h < o0, —00 < k < oo DERh, k
EFHOTRD LS ITREINET,

fry= > Y Fuexpli2w (ha*za+ kb*yb)]

h=—00 k=—o00

— Z Z Fy exp [i27 (hx + ky)] ,

h=—o0c0 k=—0c0

(9.19)

1/2 1/2
where Fhk: = /
—-1/2 —71/2

x exp [—i27 (hx + ky)] dzdy.
(9.20)

Fup & h & k OBEBTT D,
FIREETRDZZENTEES, 2D Fy, D
% f(r) ® h-k ZEETO 7 — U ZEH B VW
S

K (20) % v

p(r) IXETHEE, (MEXZ blridr = za+
yb +2¢ TY, x, y, 2 XEHEMNDOFEE, a, b, ¢
WEHEARIHENR T PV TT, Fupy O 28 EAGRNE
BRFEWVWWE T, X GRS T AR
HPFHDBEI h, k, L ITH LT Fppy %2, BBET o1
WKE>T |Faul|? = mm&%xﬁmﬁﬁjm%%
ATk, BRZEHD h, k, [ 1ZHLTET

& p(r) Z3tHL 7,

JRFR DI  A\TBEFEEDE K Z DHATNCR T
BHdZenmLET, BWETFRLIITEES
WHAIL7ZZ 0BT (BWETEE) 2ALT
WD TR E KNS 20 FOEBTH D £,

CDEIRLT7—=V 2R ([7 7 v 7 At
BREE|Y/2) BT SABEDZZIZED 7—Y T

XWMCTOFEHEZHER LTI Y -a—<vy
70, BFETHHERFETIDD E Lz,
AAWHERZ FLda, b, ¢, FETFXZ b h

(= ha* + kb* + Ic*), #aaMHGER F2% Fhp O &
= BFHEEREK () TROLNFET, T
DIEBHET BEFEEL ob | (z-y M) 15
WL ZOETEE Yy TRET 2123 S
FTHEWD ) 2050 HD ¥, EffE TR
(I2) TI=0REELZLLZDY I A= ay
ZEMETAUIVV TS, a-b M (2-y M) X5
THEWVS ZLiE, 2 AANOHELTZEKRL T
D3z TIANCHREN S 2 o7, b5 1 #0 DHIZ

877 %ﬁiptkibﬁﬁbfﬁxfbi9#6
T3, ZOFBEEZISHLZDOHR X#CT TY,
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FHoE X CToFEEIIOWT

942 X#RCT & X {¥EREERTOHEESR
Oz2.1 B BFEEZ o-0 E (z-y H) IS8R
dLlE

METEEY a-bHl (x-y H) ICHH LI ED
BFEE~y 72HET @S TV
Y ATDWVWTHZTLZE W,
aa2.2 B

K (1) [pTd] TRENZETHE p(r) O
a-b H (z-y M) NDOHE p(r,y) 1, X (TI0)
[p.II7] % z KNS —Npaz/2 < 2 < Nppaz/2 D
HPFCHET TIUIKRD HENE T,

CNEFTT DL, 2 HAICIREIS 2 HIZED
WE-o>THATLEN =0 DHELIDIESZ Z
W2 5720, ROLIWCHEIhET,

y) = i i {Fhko

h=—0c0 k=—o00

x exp [i27 (hz + ky)] } (9.21)

0423 8l YOLSICLTHEBGREESZIDH
XHCT X, YOoXo 2L THBEGREETWS
DTS,

0Z72.4 @&
HimfEICT 320, 1RO — P D LS5
X AR — 2%, WiEHRE L2 W AS L Twn

5 L%d, EL—aDAHAHED EL, ¥—1
RO —LDHENICHD, bICEERTHE a ¥
L3, a-b [l RICHRITTOPERE x, y Z & DAL
BAXZ Flr % r=zatyb &L, #EK (HIZ

e F oK) oFiid (z,y) = (0,0) KHB 2 L
T, —1/2<x<1/2, —1/2 <y < 1/2 OHPHIZ
WERHINE > TVB e LET, XMUKFT Z0%
IWNE% p(r), r=za+yb ¥ LE3, £, XD

Refilzd 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 22 & D plr) Z5HH
T 200 X # CT TF, HERIZAGT 50
DX HiEEE M) 32 WERELEBL
Tedhed X MRE 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 TOEXT,
U735 T2 DK log [T(2)/Io] 3KD & 5 12
%D £,

1/2

log 1(2)/1o = [

y=—1/2

—p(x, y)dy.
(9.23)

=77, u(z,y) & 2 RITDIRAERT 72 JF HIRE &L &

BR 2D 7 — V) TR B &,
SR TZEDTELIETTT,

XD &

y) = i i {th

h=—o0c0 k=—o00

exp [i27 (ha® + kb*) - (za + yb)] }

(9.24a)
= > > {th
h=—o00 k=—00
exp [i2 (ha + ky)] } (9.24b)

A (23) &3 (123
k#0DEFIRBI L THATLEVE T, £oT

) ITfbAT 3 L2t (E23) 0

—log [I(z)/Io] = Z My exp (i2mhz) .

h=—o00

(9.25)
log[I(z)/I] BWERMEI N E TN, ZHhiZ
exp (—i2wh'z) 3T —1/2 <x < 1/2 OHiPH
THE7TZ L

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 o TR (E20) oMY % EFT 3 2L
XD 7=V EW UG My BRKDZZ NPT
¥9, 2OXSICLT2RLD a*-b* HZER D
k=0DHr0BERANRZ e TEET, #HE
Kz MR XE 2 (ERICE X REZMIEXE3)
Zrikh, MG (7 -V ZEHUR) Ok
TEA (h=0,k=0) Z@2WHER2Z
T&E9, a*-b* WEMOGEETHZ Z DT
X IhZ 2R 7V IHERTLE I ICTL

D, wlx,y), THROLWIEEEZHLZNTES
HIFTI,
aZ2.5 B kg9 3IEM G KRB IOV T

RENT 2 BREHZTLES DTT D,

z HIANCIREN 3 2 ITETIC L > TIHATL X
5, HHELEH, BEERMCED XS kigdX
NTEZDTL & ID
aZ272.6 B

X (=3) X (Em) [p.
9,

Bn &L R EIEL

1 a/2
Fp=—
a Jz=—a/2

a /w—a/2

X exp [—127T(h — 1)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 % 7o iciihE h
XD

f(z) = E Fprexp (i2nh’a*z).  (9.29)

h/=—o0
X (29) 2K (20) TRA Lo, K (1)
TF, W =h —h EBWT -1/2<z<1/20
HPACTHT T2 L RD K DI D £9,
a/2
/m——a/Z 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)

Lo (@31) OSSR £0DL EXBICKS
ZricBL T, X (E20), (2) [p.ey] A a
KnBsOrRUEBTY, X (I22) pbl B X
OR (123), (E=23) [p.B0] Ot E S L TL 72
XV, EiFA (2R) o i h £ W O =ik
XalZizh, h=0V Q&R F(=F) %o
TIHEE®RZ ) OTT, 2OZehs (T21) o
T, Fu(=F) OfzitETE321ckb
%9,
o227 B BZERICOWVT

WZEEHBHEANCHETE EFA, 77—V L
BB #ERTBo Lo TWEEESDTT
B3, EERCHEEY D 2D TITHh?
92728 EZE

WIZEE TRARR 72220 T3 A%, 2 ZICHiR
MWHbHEEZTHOERA, ELEZNRIEa Y
Va—X—OHIHFEL, MR 212, V7
MY 27O EREE LET, FIZIETI AR
T L7ZEBRIXSD A — FOHFIZHEELET
D, VI T7BRINUEARS Z I3 TEEE
Ao TNEFRLZETT,
Xﬁﬁm%ﬁ%ﬁ%?mmﬁokfiyﬁ“¥

, BT ZHERE L~ —F V5408, X
rﬁ CT(Computer Tomography) ZFH¥L7=7 7
Vea—=xv 7, Ay KTV —=  NTUXT 4 —
VRS, WEBIEI D Z1E TR =D BT
WL, ava—R—2ffio TEBAL LT
LRI LIANTZBTS, 77 v 7RFORF
RiTE, 22— —3FEZHFELEEATL
oo FRAHETT7 -V ZRBEFHELLDOTT,
50 THEX) Z#E#Ts2rdIic, ZOFMOH
M2 ERECTHRLVWE o THnE S,
92729 B EZERICOWVT

BTE (6/2257) A7 4 K 51/59 R—=Y DAZE
B, X (E3) [p.O3] T p(z,y) IZO2WTHEILN
TVWEID, ply, 2), plz,2) ITELTHAKDON
EEPTONBE L VWS 22 TEALVWTL I
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gZ42.10 @& ek A HEEMET, X (13) [p3] ikzh

DD TS, TbbH

1/2
M%dz/) p
r=—1/2

= > Y Fowesplize (ky+12).

k=—o0l=—00

(r)dz (9.32a)

(9.32D)

1/2
o) = [ e (9.33)

oo

= Z Z FOkl exp [127'(' (lZ + hl’)} .

l=—00 h=—
(9.33b)
BHOREEIKLTHD 34, R (3) [p.II3]
CFUCFIET EORX (B332), R (33) 2EL Z
EDTEET,
gz2.11 B R (I3) 1F 3 Xt [p.03], =X (I10)
[pIE] &idESWVWSEKREDH

B THE (6/2299) AT A4 K 56/59 R—=ID D
R TFToXEL T, Lok (@3) k3208, §
DORF 2T VI LHIB>LeoTWz &
SDTITY, EIVIERRDOPDD FEAT
L7zo AL TW72K ZEIEATRET L & 9 0%
gZ72.12 @E%

K (I3) [p.03] &= (m) [p.IIE] oL
DVWTEAEOHETH D, 2IF, BEL TXL
YoThoHWneEosTnET,

K (I3) [p3] &, 3 RTEOMEKTH 2%
HE p(x,y,z) D z-y FHANDHEMT 2 XD
8, X (O0) [p.O5] 1%, 2 RITOBEE u(x,y, 20)
Dz HAIDT A Y EANOEMTT, 20 IZEKT
HY, plr,y,z0) &2 XTOBEKTT, Tty
HENHILT log | 25200 ] (22T 2) 130
BTTo 20 -2 XL FHOE I ZRTODD
THALZDOTTH, ZhZAEBLT2KTD
BB p(z,y) o @ 11 RITDB) p(z) WL
7z, LRABR LD TLDRThoeh bR E
Ao

BTEE p(x,y,2) D x-y FHEANDIEM p(x,y)
ZRDBIZIZED LEb X0 W0wS D, Fhd

ANDEEZLZDTT,
#T,

= Y Y3

h=—o00 k=—o00 l=—00

p(x,y, z) & 3 Xt JE HARY

Fhriexp [i2m (he + ky + 12)] .
(9.34)

D K D ITHREN S 2 A BEU HREER & L 23T
X2, L2L 2z HANOHESZTOVHESEE X
e, | =0 LIAOIREINTIZ, FIckoT
2o TLEY, Fuo 2R T2 2 HAIC
REL RO IZIDPEEKS, 20w RO
T3,
CHICRHLT X CT D5E, RDES5 LT
W5 DE z-y Vi EOWER p(x,y) ROZTH
h, b g7, 2 Kwo MREREBRE T

Z Z My, exp [i27 (hx + ky)] .

h=—00 k=—00

w(z,y) =

(9.35)

D & 5 WHRENT 5 BRI S REUER = & 23T
X5, LHLy AANOREDOEOHETEE R
e E, k=0LBoREIKIIE, BIIckoT
2o T LEWY, My 2R 3%y FHENC
RENL RO AT DEEES, 2SI RD
T3,
BLEETHR YR EDza—<y 712F, K
(a233) OFELH D, 3 KITZEM OB p(x, y, 2)
D z-y2 RICZEMNORFFEE KD 2 FB %, 2 X
TLZEMI DR pu(x,y) D 21 RITZEMANDEHE
E%@ié:tkibXﬁCT@%ﬁ%ﬁt
TREBRVPEES DT,
B52.13 &R p(r) Z 2 ICDVWTHES TSR _LT
BYE plz,y) BREZ DD

274 K51 R=IT, p(r) & 2 ITOWTHES
T25Z8Tp(e,y) BPKREZZ VLS DEDF
FATU BE 2,y 10 L CTERE S DK
THEATZ2DTL LI, ZOHh DOMERH
%, HOOELELEDLI ST, MTRHLTWL
7272 ZEEATRET L & 5 D
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E52.14 E& LR TOREDORRIE— IS
KEf L DIIKERDT, thHRT, SHESL D(x)
FTEEL ET, = Dgexp [i27 (vt —nK -1)] (9.37a)
b N 3 \ =5

E | OEE p(r) AR 2 v S G TR
ERZAET, z O oMREER S, FHD
BFEELDHBEVES EEOEI2H D £3,
7 — U ZMREBUZL p(r) & (h,k,1) = (0,0,0) DE
¥R (BT EEDOFY) v 2 othoiRENIE I )7
TEDITID, | # 0 OIRENEIFHEAMID 1
HoMNC 2 FIAnc | RS L CThS /R, ERET R
OEFEHOBTEELIBISNZRKRD £T,
I=0DHEEFITH Y A—arvredt oyl
FOBEFHEDRRPRAL I %5, K
O3 [p.I13], X &4 [p.1d], K &3 [p.13] %S
LT,

943 X#CTDFREBICOWVWT
o231 B p ZIdETTh
WECTHEMLLTLESHDTTY, p ik
MEHEHLTDHDRDTL & 5 H

HFBAFPZXZT AR pl0IZBWT, pr) 20
TRZRTOPRETDHE s Lo TVELE
B, b 1TEHZTWEEVWTHIALWVWTL &
5 7.
gZ3.2 B

poeld TN 2 KIdh & TT 4 X
YYay (BA)E [m T, dBAAMER
Ko TELZDET, Aylm] OE X DRREIINFREL
p DRDBH o7z LT, RICAHT 2RTDIER X
BomEr Iy L%, WEEBALEZDED
e X #ROME I 3RO TEHAEINF T,

I = Iyexp (—pAy) . (9.36)

HAIZ exp () OFHEFRL THAZFD Z
YidHbERA, X (EZW) OBEL, ] D
TAAYTarefHopt ml OF 4 XY a
VRO Ay O FEFEBEAICRD £ 7,

B IR AR NS TEBEITR ) O EEES
EVWISEWSDTERT, XHREOEENGIIE
WHEE D TRIZEDZBVOTIHNEZED S

VORIREIEL, (3R [s] Do & r = 0 TOIR
&, rIXMIENZ ML, vISIREE, n I3EED
JEATR, K I ZEEHTORMRZ L, kX
BAFTOEBNZ P ATT, K=K =1/\ (A
WBEZEFRTORE), |kl =k =1/N (VN I3HHE
HTORE) T3, ABFEEFTIE n fHEL &
D, IR n BEZEPZEZGTTIHXIZX L, KT
1.33, K45 2Tl 1.43~2.14, XL YEVF
Tid 242 £ 7o TWET (R 589.3nm), X4
YEYRPEAL LTBEINS DX, EITEN
REL, 2 RELIERTE22056TT, HOEHT
FAIZIFRA XNV DIERIDBE D LB £9, ZHUTEZE
W (0 L2 ) TR T, MEH TORDE
FBEEDPNE D, BWEIPIEL R ZDTT,
(k=nK, L7D>TN =\/n)

X #OGE, n < 1 THEROMEEITNE X D H
{7 FT, EITRICERSES (nD)) 2T L
n=n" +in® kb, ZhzEX (E32) 1A
LU CHERIC X 2 IRBITEZ BIE 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(x)",
EERT DL

I, = Ipexp (47rn(i)K . r) . (9.40)

FoX () THOEHETE e, £ L K =
Ke,, r=ye, LB L

I, = Iyexp (47Tn(i)Ky) . (9.41)
RN (30) g5 e

p=—4mnVK. (9.42)
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B9E X CT OFHIZONT

TRIIREL 1 & BT RO BB n() O BRI
FoX (T22) Ttk x 3,

0233 B X $R8E [(v)/Iy DY exp(—pdy) D
MIEICHZEB

2 X MR [(2)/Io DT ARX = v L
DPFETRINEZDTL X HD?

023.4 B&

1 OHIOHI DA BEITIRD $7,

I(x)/Iy = exp(—pAy) = 0912725 &>
REX Ay OB Doz LET, AL 2
MOWEBERT 2 X BBRER [I(2)/ )] =
exp (—u2Ay) = 0.81, 3 MO ZZEET 5 X
FEREE X [I(2)/1o)° = exp (—u3Ay) = 0.729,
3RO EBRT 5 X HIEER [I(x)/ )" =
exp (—pAy) = 0.6561 72D X9,

RIT 4 MO DB 2 TEW, 1 HH
26 4 % HOROMBPUNGREA, 1, pe, ps,
pg ol LEST, ThZed#d s X RO
MEE I(x) £ 32 I(x)/Iy = exp(—pu1Ay)
exp (—p2Ay)exp (—psAy)exp (—psAy)=exp [
— (1 Ay+ppAy+usAy+psAy)] L b F5,
Ay ZHER/MNZ LT N RotkzdhisEims s e

I(x)/To =exp [— (1 Ay+paAy+pzAy+psAy- - -

N Ay)]e TEOMEE ¥ 5 L RORDE S
nET,

FoX (E23) 13X k5 kST TREIN
£9,

log [I;:)] = /yl_/i/z —p(z, y)dy.

(9.44)

LORXD p(x,y) ZEM a, b, 2 XD AR
RS rRAL Ty — ) RT3 ¢

wlx,y) = Z {exp(i27rhx)

h=—o0

S° [Maexp (2mky)] |-

k=—o00

(9.45)

FoX (@@m) 2 y AN —1/2 <y < 1/2 O
PRS2 &y HANCHREN T 2 HIZIHA T L %
5DT

1/2 o0
/ w(x,y)dy = E My exp (i2mhz)
y=—1/2

h=—00
(9.46)
Mo V&, WZERICH 27—V ZEHR My, O
h=0, k=0%#@D a* FAIOWIHEIIZDRD £
A, WERZ AL X BT (EBII1E X fRofEgt
FA%EZEZT) My, Z2THIGF T 205 X7 CT
T o My, ZEHIIT 2 Z 212X DFEBK u(x,y) &
BRT BN TELZDTT,
o235 ) CT ORETIRET3ENEZ S
el =S

CT DIV ZIRET L2HEMBHAS WS &
IHADBELOIPDERATL, ED XS ICEHR
LELRVWOTL 95007
gZ23.6 EIE

R (IZ8) & —1/2 <y < 1/2 OHEPMHT, y 2o
WTHED Lo (528) T35, MU, X (925)
A 53 (H20) OEHE, bor TEICTRLE

(9.47a)

xexpﬁ2w(ha*4—kbﬂ-(xa+-kbﬂ}dy

(9.47b)
1/2 o oo
= / Z Z {th
Y==1/2 p—— o k=—o0
x exp [i27 (hx + ky)] }dy (9.47c¢)
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exp (i2mhx)

1/2 o0
sl

h=—o00

S My exp (iQﬂky)}dy (9.47d)
k=—o0
= Z {exp (i2whz)
h=—o00
1/2
x/ 1/2[ Z thexp(127rk:y)}dy}
(9.47e)
= > Mpgexp(i2rha). (9.47f)

h=—o00
X (22) ORXOEE 2 LI 1 BiE 2 L 2@
LT,
R (I27d) 7 53R (470) NOEE T p(x,y)
WS 2O MEE, 77— RO LT
RALTVWET, %D

= Z Z My exp [i27h - 1],
h=—o00 k=—o0
(9.48)

where h = ha* + kb*,r = za + yb.
(9.49)

Xa-a*

X (I478) 2 5 (I27d
ﬂybEl,wb*ﬂyazo,%ﬁkbf7
RAR—LHRERICKS 2o TR LT
£35

X (I27d) 2 5 X (47d
FERBUERNC U722 o T expi2n(he + ky)] %

) NOEHT

) NDETIE,

exp [i2rhx] & exp[i2rky] O I EIZTHEEL,
exp [i2rhx] 25 K IRIEL RN Z 206 S 00
DINTHL TV T,

N (27d) 7~ 53 (I278) ~NDEF T
Sone_exp(i2rhx) 23y WRFEL RN &
LIDH Y RXR— a v LS DIEFZ L TH
S

N (I278) 76X (2d) NOZEFTIER

(I28) 2 h # h' DY ZIZHATLEL,

L2151 dy ORST My 123555
LIZEOWTVWET,

X (2d) o 7 — v ofREZ, X (28

G) [p.I8] @

X3iclog|I(z)/Io] 2 1 XL 7 — V) THE5 (7 —
VIR ERDZ L) THET 2P TE
S
0237 B #EFZSEBL RO X FREN
exp[ | OMNFEICEBZDRBETTH

X#CTOFEE (20 2) Dk ZAT, #HEHK
ZidiE L7 X BRRELE, exp [—u(z, yo)Ay]
exp [—u(z,y1)Ay]  exp[—pu(z,y2) Ay]
exp [—pu(z,yn)Ay] DESRHEL TV H S
DTITH, ES5LTIDEIZREZDDPDBTHND
FHATLR, b L#RFROLHETOE T TatlH
HHELLOHLIRD D £EA
0438 @&

X (023) #EHT 2 FToRdESHLTL
7ZEW,
0239 B I(z)/I) DRBELBZDIEHBET
Th

95 FEEFRICE L COERARDTTY, #FEA
74 K p.24 oA (23) [p.OF] BV THEE
EoTWb DX, X#HE [(x)/Io 75 exp &
WO 7ZDTHZEVIRBMTIVDOTL &
2 M
EEMDEK

DB THEVD D X Ao

PUIEZRLEIRERLIZWE 21T, M
ZrdWVWO01F, BHETIIHVWIHEE
FETT,

0Z23.11 B Mo Z My, LETIELT=C ICD
WwT

el (26 5 [0]) iR ICB VT, R (448) [p.r22)
D Mg % My, CEIIEENTWVWE LA, &
DGR, RHETIE My THEIEATOE LT,
ZDEIEEEZZDERRNVEWVWS ZETL &
2 Do
g43.12 [E%

X (IZ6) p2] oz e &
NEDTNCHBLE T,

\5DTTH, Z
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1/2 0
/ wlx,y)dy = Z My, exp (i27hz)
y=-—1/2

h=—00

(9.50)

o (Ex0) ©® My Dz ES50TT
R, FOFRRTHoTWE T, #EEPICHEHED
RELLT My & Mo 1 TRTIE) LTLE27%D
e EWwET,

023.13 B X HFEDOEEICOWVWTIFE CICE
BENTWVWETH

X IR R X T oulr) Z5HIT 2 H D %
Th, ZhE KOO ITHNATVWEDTL &
2 D
gZ3.14 E%

X MR D [EEL (PR D [EER) 12DWTid, §E3

[p.0H] OFthE S LTRX W,
a23.15 B X RFEOEEICOVWTIFE ZICE
BINTVWETH

§027 [p.013] X #f CT HAHHEROa—< v
ZDUBLHE | DIET X MOBE XN 29KD
A X AT 2, SETO X ROBEE LR
L7 TH DL 3RITTH B2/ % —D D P
ZEELT2RC ETEATOVETY, ZOME
ORI R X BRIEEOBTREIATY
2DO0RHED LoD EFHA, HEPICTINET
b RO THHN R ERLED 25H T
WEPTAEDLETEELRD, ZOHADZDLS
WWEBHLZTEWVWDTL & 95D
gz3.16 @

§a3.4 [p.r22] OFLABEZRL T ZE W,
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A.1 DNA iEig L IBEEECTIREICD
WwT

A1l PCRZEDHEERMEICOWVWT
BT11 8 7514 —IC2WT

FEHOH 1 R THMAL TWz72wiz PCR
B OWTHMZROTTA, M2 T 25bp ©F
VENT T4~ —DEERTI DA E DEDH
1015 5@D, &+ 2m 25 EDEHES DA
EbENBLZINELWVIDELI-72DTY
W, TN AL ZAHRDBILT OHEIEIC D
DEHA
BT1.2 [%

T, [SUELTITA~—] WS HEEICO
WTTT, Zhi3EHLL 6 BELLDBbD
HELHVWSH, BERTNERL VX LTT,
RT-PCR & W5 FEIZEONSL Z B VLD
T, ZHUTDOWTIE, FAEHEDFLLLAD
FH Ao

7272, TV R A e nws DI, 6 HENN S5 F
VIRTF P2, IRXTHETZ WS ZE T,
6 IO AE DY () 1F, 45 = 212 ~ [4000]
BOBOET, VXL TT74~<—2IiX, 4096
BODTIAR—2IXRTHETS, tWwoZtk
T3, 6EHDI VXL TT4~—] 2IZ, 4096
BHDTF7A4 =BT RTA-BKRTT,

#A DNA OIXRTOFHIIHIBT 5 774
Y —DFET b7, HYRHKIZHRD PCR 12
HouEd, 7Ly 75— a YERNCHW:
MThH, 2FrF6EEIOLRLZ TSI~ -2
WD TID, ZTHhE I VELTI74~—LId,
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E[E)

ELRERDET,

KR, 20 ~ 30 RIS KD, a TTA < —
& B T4 ~—D 2/ EHIZITT, i 25 HEk
Y35l HAADHIE 42 =250 & (219)5[B &
Z1000°] b, ZhiZJoEED 25 HED T Z
A~—%HETSZiE, FEERARETT,

—75, E hD% A DNA % 1 AL L
¥, 60 & (30 f& x2 ~ 6 x 10003) OIFHLHALH|H
HHET, 25EWHDa L fODTI4~v—Tdh
X, o k512, 1000° @b & 2 HEERSIIC—
W AEMH, b DS 4 DNA OFEERF D
2 EATNCAHSR D 2 AHEMED D TR, X —F v
I DNA ZHEEICHRTE 2D TT,

BT1.3 B8R At )LREFKD DNA 72iTH4E
BEh3Dh

HOOHRTX S0 ZaT74 =N b7/
L L HERINIZIE—RE T, b br U L 0HIEX
FELRWEDII, WIET 225674 L ZAHKD
BRLRTFTHDE) EEZTWETH, Zhle v
NAHCRDBIRTZHEIET 2R, B rr /A
ZHEST2MROFE L THS LHICEZET,
BT1.4 B

Bz, #HHE L7z 100 HFEHED 1 A DNA 2
5, 25 e LR ED 3 b i, (100 —
254+ 1) =76 @hH2ZrickbET, NIHEH
fDERE L7z DNA 55, 25 HEoEfE %
LHEEMBEIIES L, (N—25+1)@D D%
UCHBHZDTTH, NIiF25 LT, Mo
TREWEZDT, To b N#HH2, &
FoTREELZZARVDTT,

b b ORERIE 46 RHZDT, TNHBTA
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T—EBIZER > TWA DT TRRVDTT D,
46 WO HD, 60 R T 2 v i ThE L,
t b @ DNA 205 25 RO EKGELOEN D %
B HIHAE DR, 60 FEDHZ Vo T,
FIEELXZROVDTT, 60 X 6 x 10° TY
23, 101 21X, HBICR 5 WEE/N WD TT,
Tz, a T4 —r 374 ~<—I1TlX, R—
7'y + DNA Ol ziked 2&E 2050 £3, H
&L 7z DNA X, BXIKENCHI T, ZOEHE
FAXZDTITH, D DNA D B#HOEY ZH
2, BRa 774~ —DEMEHLI DD, »D «
Hor Zhiz, BR B T I74 ~—DHEHMEHI D
D, L2d, ZRUTE-THIEEN 2 DNA OE
X2, V4 LAHKDEX—% v h DNA LA LT
H5HHERIE, B R ELITEVDTT,
(SVELTIA4=—] LW DIF, KFkiH
®D PCR HIFIHbONEbDTHD, Ritd X
NTVWEES5TT, ZhDOBEBWRDOHIZ, AoTW
% DNA Wiiix, 00 3HAEGDEDHDTH
b HEHE) O PCREREONSLHDEIE, &<
Ik 7/ et
BT15 EMVAILZAHEKDEGFIFERELPYT
woh
HODEZDRH > TWBEGE, YA LAHKE
DEEFHE M7 A XD HHIEL LT VEEIZ
RATL & ID0 SRETOEZDME>TVS
25, YINEIDIPRITHELWTT,

BT1.6 B
BIELLTW, Licw, OfETIED D £
A,

aaF v 4L RAE, RNA Y4 LATHD, &
EE#RIEX, RNA OEERTI A EFhTVET,
RNA 755 DNA 12 Ti##E ) ST, v 4L R
HXD DNA B TEE T,

7 4 L ZAHED DNA DOIGHEESNZ, AT A
DHEDTHYH, ZORI D, HHERYID Do T
WET, YRa FoA4~v—t [ TF74<—DH
figEA L b D7/ 2 DNA @ 2 AP H 3 KR
fih TIKL, v 4 L AH%D DNA X, PCR I
Ko CTHERICHEEX N, & b5 7 4D DNA 13t
B EF o TOVWIEEHEIRIZ IRV DTT,

FERGME 1%, BE I AWM DI EEA
MRzt X, REY Y I rodue, s
BT, Bikodzy 4 L ZAHKD DNA 2372205
7o, VWS Z22T, ZLOGERERIEIME I X
T3,

PCR %I Y 74 ¥ Y E L lAG OE TR
TIcHh b I, BERMIZEHED D DNA %L
WY BE XS, WS 2 EARER DT,
BIETEADPRZNVEVWS ZEIEHDET, Th
53U, bOTITLEEARIEEE VWS Z
IR X9,

ATI.7 8 ®HAERICDOWVWT

BAO#BEEEE LTz IEMICE - 72
Y TT, ITAFIKICHET 2EEHET Y
VERICO B HEAERIITFIIA DB WS Z
Y TLEA, HEGBEICHEDSH > TH ALRR
DTL k52, BXRIKEIDEDZ WS Z TR
WY ELR.

AT1.8 @E%

ERIKENEICBE L COMOHERIE, RV =—TF
YOEMMFEET 42 Y T RITK o THEINT,
P EICTE 2 EE&OWE, twH LI %
TIREEF->TVET, MIZDFEDHEHT,
1948 fFFI2 / — L EZZE L TV E T,

FOLBRICHET 2 AL, 4 B30
BEOHRIIESDOZNH L, BV DNA D
W DNA SHZBWBLTLES 220355725
I, EWVIHIELIAILEE-oTVET, HEDF
LLAIY 83, MELMEZHELZZEZL
FIEBRELTVET,

Al2 #EICOWVT
AT21 B miEouE

HRDONCERBEGRE IR OFER L 722 v 4
N ZHME BN T WS 720, JilRPHIS T L
L5FDIBICTETCNS LWV X RFET L,
LHL, BIZIEA Y7Ly Fe—TIcWVWoTd
AR BRIz WS S, Ao THDLE
SHDNHB LN B ETH, Pk
WS DI H BIRELZRK T HAUIIRKUT D D
W K%ZE2HDIRDTL & 2D%
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BT122 @&

BEFRAT L CW B HA an F 7 4 L ZEYED
BERPTLLDINDED, 77XV I A RV 7,
ARA TEL, HARHELRY 7 O 7#ETY
BWREIZOWT 1 DDORHADB L THNTWE
T MRS T 2PUEEIES 720D BCG O#E
ZITo TV BAETREEEDDZL, 7A VI A
&) 7, AL vRY, BCG O#ZIT-> T\
WETIRERRE, SEERE b2 0wo T3, BCG
W&o TTEBMEICHT 29k ¥R an
TANRIHLTHDHIEEOEIINZ b6 L
TWBDTIEARWD, LWHDTY, BCG #Ei#
OEFEY, FflanF v g LT 3P b
DN, AL RAMEEYN D 2 X5 ICEXE T,

A4 VI NI FOTIEROUENRZ, £k 5
LIRATHRE B2 4 LV ADOEEEHE L T, #
By abintirohbongd, (Y25 HE
s BERDD £F, THEET (PR
) Z2Riboo MEEly o Lid T893t L
727 4 VAZIRICARNT, 4 ¥ 7L IR
LRVWINE SRR TE L XS5 fEohT
WX,

ERIZITF 2HA L aaF W 4 L RIZHF 28T
BTN Z 08 5 B LT, sEWVIFRAA S
PIZINBAREED D 2 ¥ BV E T,

w25y w5005 b %3, Al
FHELD, ~Nrb VRO BEICTH YD
FIERPBRNZ EWEHL, AVicsh<Ee LT
FERLUE Lz, RPERRILDS 720 LTOVWERI
HBERICIE R > TOERAD, HEATEE TS
LD BEIAITVEER N EZH>TOE T,

A2 PESEICDOWVWT

A21 BELICOVWT
B71.1 B MEBEFEPHEEDHRIELTVS
DhH

FEACEE T 2 ERMIT Y, SIS
B W R DBERHEL TV H o L 5D
T D%

B2 @%

NN TH IR D D F3, VAR
HETETD, ZROZ2Fo TERARHHEIRNDH
DET, BIFE, BFEEZEIIOALEE R
b TED, R4 AND) I20TT, 2L T,
ZIHHHVDTT, ZLTHAHAALTT, P
BEEO#RIC, TV—R - V—DSEXFIHT 3
NHIFFAL BHWVWTL & 9o

Bl IR E BB 2R L 72 AD3 8 AR RS
7ok BT, EOLIRMREE LD K
WHARDLDoTL B3DTT, (NI ThHA (Stay
foolish)J ¥, A7 4 —7 Y a7ANELELE
T,

A3 EBERICOWVWT

A3l BEREOTvYIT—HRIOWVT
B31.1 G ESRFICTSICHTMRETH
RAERIFEH I TV DI TLEY, H
ME ~ %0 EFETOR=IISHRALITMZ
5ZtiEdHDETD,
B30.2 @
FELUCMEIHFC->TWI S e EoTng
T, MBROL X, BFIAN—-YarrEoTw
TLEEW, Z#EED Dtk I RO ED D
L, ZNBHMXEVWEBoTnE S,
B31.3 B Twherel &l
KoHFD where ¥ 13 TFH
B304 B
# (B51) [pa2) ik 3 ¢ (R (E518)
DALD, 7272 L 22T, Fp ¥R (EEH) TR
N3 EHMATLEE W,

A4 EBRICOWVWT

A4l BREX—=ILIZOWT
AZ.1 B FHEOXMRE BB DI

B DR TRl Z DT 5 L D 2T LM,
WEFTHMIZFEL D TES>TWZDTTA, 1
EDEMICOE 1 DD X =L TiE> 2 HMPRWT
ER
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BZ1.2 B
X = VDA TIE L, M OHE % FHE L 7=
L\Z,Egofb\ij_o

A5 EB&EICDOWVWT

A5.1 EROBBERICOWVWT
BRT1.1 ER 12:50 LA DERZHRIE

55 3 [MEFEFRICT, FMmATEINTVS 12:50
DT BEC BRI SN TOTRHER LD T
TH, AKHBEBIATANE 12:50 LIANICHFEZ L
TWRHNEDPRICHED £, 12:50 DLFTICEEZ L
TWEARIZOWT, XD TREDHFHFHE TR
METZILETFELTOETTL 290, 5t
b 12:50 LIRNCi#ZR 1D 2356, MoEE T
Zoom WCANRER T BRYIPOZITE I e TE
5TL & 9D
B2 [E%E

15 Flo#HZo B, 77—V o, 7—V
TS, —RICEBBE RO T HBIEEICRD,
ZNONSHED LS R TCIHEA TV 200 %
BHET2Z22HhDET, X RAEREMEERITI 3
ReD 77—V e, ERTWE e X CT
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TW3, ZOZe%/RL7A (BI8) [p.om) i,
RN (BD) Cacdd e 2 Fio e wT, 7
7 v 7O RFHEPFEEFEBTELR > TV 2 RME R
LTW3 Z 2 IZIEDLE B,

DIFoRcithxh 3 38 1 XKAGERDH -
el § 5,

a1 + b1y + c12 = dy, (B.8a)
2T + boy + coz = do, (B.8b)
a3 + b3y + c3z = ds. (B.8c)

A (B=d), (BRB), (B=d) 2202 FHD S
BATHLZrz2EET L, X (BR) OIS
BRI, 3KMOFHORMREEZ 5,
B12.6 #Digidh

X512, R (BO) TRINZFHOREEET
2 2ickb, WEIEHE (FHEK) 2R3 0E
FlizEHBETH B Z e bh b, FEOREE (1
BCIEIRENS 2 20) % v(Hz), HE%E A(m),

DIEFEHEDHM AT FLE s [= (54,84, 8:)] ¥
T3, OBEEEE D IIRD LS IcEXINS,

D = Dgexp [i2r(vt —r-s/N)]. (B.9)

Do &, Bt o, fiER 2 Pt ez Bir 3iRE,
IR (), r 3AIERY FL (2,y,2) TH 5,
BT ML K[= (K, Ky, K,)] Z K=s/AD
FOWCE£T LA (BY)1F, DTV TR
ATHARTEZ X512k %,

D = Dgexp [i2n(vt — K - 1)]
= Dy exp(i2nvt) exp(—i2nrK - r)

(B.10a)
(B.10b)
= Dy exp(i2nvt)
x exp [—i27(Kyx + Kyy + K, 2)].
(B.10c)
N (B10d) OB oFEMOPHIZ, FHZRT
R (B2) L FER, (z,y,2) BB ML K[=
(Ky, Ky, K CEEZAFEICEMLTS —E
Dz 227z, KOWMKMHETEML %
WIEERLTWS, DEDMENT ML r[=
(z,y, 2)] DI T ML FFADZEICDBHEIEL
TIREIT 22205, exp| ]| DFEITEAZ b
NENERT FVONERZE5Z2 53528 T, F
HRZIEL G TE 2,

EROBF LTI 2R T 28, =4
BEEL (sin & cos) 2 fl 5 23, FEEBIE L =A%
B3 (E2) [pl) IR LA A F—Dn U X Did
DX N 22D %, K (BI) D X 5 I FHEHK
ZHEHBEATRL, KOREL ZDFEBETH 5
cos BOWLIZBEHITH % sin DWIThhTH S
EWVWSHIHRE LTRh s 5% D 512, FEBGER]
WS iRl 2 @A T E %, A (B10E) 256
A (BI0H) NOZEBIIIEBERIPH s T
D, HOIRMEHRERNC K 2 HRENIH & (1EIC X 2R
BiHICTR S N, Zh oo FEA Ll b
TWw3, 512X (210) [p.ra], X (211) [p.07]
DX WPEBART FVICEEE 2Rl E 5 Z 2
X0, BEICX 2T & o TEPBET 20H
ZHATEZ WS XY v MDD 5,

BB E [pO¥ T, ¥rzERT 2SN
ZElk L TW 223, FEEEEE expli2n( )] &N
DR EIZHRETF X7 PV ELER Y ML ONFEE
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X0 X0

MBA 3 x 35RO E, Lrs
HFAOPIE (F) 375, HlLhokETA
DHFE (F) <4 FATHS

HuwazZeickbsy oy Aciddds2 228 T
=5,
B.13 &R A RIFMILE) 2EERTIEE
IC2oWT

AR, EOWVS HITERT 2D TI D,
B.14 [E%

¥9, B0E, X BR) [pba IRLEXRZ b
VAt BOAEDERN LFAEN (B13) [p.b3
EUTNCHET 2, 22 LIZZTiE, XZbMLA
EBOROHIIRZ AL C e D EHWS,

C x D =|C||D|sin~y e,. (B.11)

VIZEC DRI, e, & C L DICEERE
finZ b LT, C, D, e, DICHEFRE LT,

CxD=(Cre,+Cype, + Ce.)

X (Dgyez + Dyey + De,)
=(CyD,—-C.D,)e,
+(C.D, — C,D,)e,

+ (CyDy — CyDy) e,
e, e, e,

c, ¢, C
D, D

(B.12a)

(B.12b)

(B.12¢)

<
N

z

<

A (B1Zd) THWTW3 | [ 1378z £ 355
Ths, ZhoitHIzoVWTIE, IBEd BR=E
DK 3 [p.B3] OFHE) %S,
SR 2 OB R FIA Uit & 5HE o % D
TR T,
BT4.1 EDEERY MLEEEOHE
X7+t C¥eD%(1,1,1) & (1,0,0) ¥ ¥ 5
r X (BI23) 55

CxD=(1,1,1) x (1,0,0)

e, e, e,
1 1 1
1 0 O

=(0,1,-1).

(B.13a)

(B.13D)

(B.13c¢)

FoiEE»s, X7 bV Cl= (1, 1, 1)] X
2 L D[= (1,0,0)] 2 @THEDEHRZ Fid
0,1, -1) DFMAZEFNTEY, C D% T
3 ATPLOE O HEEE V2 TH 2 Z e b,
BT4.2 O—L >YDsEk

q(C; 7 —nm ) OBMAA v (m/s) DHEET
EN/C; =a—t >y /7 —nr) OFEY, WRE
EB(T; 7X7) OGO 2EH T2 &, X
DRTERZNS Fr(N; =a—tY)Du—LV
Y H%EZT %,

Fr =q¢E+qv xB. (B.14)

X (B12) 0% 1 HIZERDESL > 62T 28
BTN TH 2755, 5 2 THIZTER O RATIHE
CHGDONATRE NS,

N7 PV OIMEE HVFIZR — L >y ) Z R
THILWFTEY, BRI OMIIMHITAA

DHDTH %,
B.15 HM XRAS—Z=BREZEZETIERICD
Wt
AH 7 ——=EEE, EOVSHNTERT D
T D
B.1.6 [E%

BTH.1 FINEEOFEDHE

MBI z2ZHLTURNERLART 5, X7 b
B, C lde,e, FH EICHD, ZhoHDRTH
Ba, RZMIVADe, BiERTMITP, A, B,
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|A] cos ¢

B+C

KB5 A, B, CORXPI—=BRIZ
NHEORT ML EHEY T 24T 6 HIED
KHETH 5, X B3 [p.ad] OFHE

CWHEFRERT, "7 ML=EMA - (BxC)
[=B-(CxA)=C- (A xB)] DfEg~Z rL
A, B, CzHr 325 T NHEDKETDH 5,
N7 v B, C%EAr 3 3 FATMUAFITEL
DEXH|C|, H&ED Blsina TH2E05, D
HHEIZ [C||B|sina TH» %, /MEB x C 1%, Z
DHEDOKE X Z2FDH e, DHAIEFL XY hL
ThHhb, e, L ADRTAIET o THEDNL, F
fIREERDOE XX |[Alcosg &b, Lieho>T
A -(BxC)iZA, B, Cx#rd 2 TRMHIEK
DIRFEE 725,
RZIVCE A, BALIERZ LA EB
2 e-e, FHI LICH D X 51C, ZOFTRHEKE
[FlfR X ETHRBIEED S RVDT,

A-(BxC)
=B-(CxA)

—C- (A xB). (B.15)

BTH.2 g FEARY MLOEE

® B [p.033] ®~% v RoR, &, EZR0
N7 bV nja+ nob + nge EWZER O b L
ha* +kb* +Ic* OWED, /7R A X —1h3¥H,

RIVLALR—2HE] 7223 X512 a*, b*, c*
FEFRT 5, N (BR) [p.L3a] /305 2 THH Wil
FARZ b ha* +kb*+ic* D&, JUVIDK
MR- F, a¥, b, c* &, HARIENRS
Fla, b, c DAL 2 7 —=8EfE% HWTRX
DEIWCEHRT S ick X (BD) [p.c3a] O
SO IR ISR RS2 B,

b xc
*:4 B.l
a a-(bxc)’ (B-162)
cxa
btf=_ "= B.16b
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axb
e —— B.1
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EoXksiza*, b* c* ZEERET S RO
BA & 221272 b 3D,

a-a*=1, (B.17a)
b-b* =1, (B.17b)
c-c'=1. (B.17¢c)

X5 bxc i, b, c Z4E T3 FTULED
MEOKEX 2L b & c ITH L TEERNY
FLELTEREINTWVWS, cxa, axb lZ2oWn
THHERDT, XD HHALHLTH %,

a-b*=a-c" =0, (B.18a)
b-c*=b-a" =0, (B.18b)
c-a*=c-b"=0. (B.18c)

EEOBE DM ny, na, ny 2 VEDDEEHKD
R, k, 1@ LTH (BID) & (BIN) A D 37
DY X, TUTDORFEMLD ST L N DRSS
HEfiBIcE e N TE D,

X (BIB) 132X H 5 — =EEHWD THIN M
ONTVWBHITH 5, Wk FEANRT b a¥,

LTRSS LIV — 4 WS FRER IR TIE W, a
IazZr—varyY—nr UTENTH 2 - dA#SE
BCEMACZOHERH VS,
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b*, ¢* 22X (BI8) D LS WERT LTIV
T DREIGM D & VL b D RESA% ff BLCE
{ZENTEZDTH %,

) THRBUCDOWT

B 7-)IRBOHEEZTIE, =4
BHIIREIT S Z EICK DR DOBEN
¥OICAH3EBRICOVWT
B2.2 [EI%E
SAEBASIEOMEE ADEE R HICH D, £
AT A (R ZE e TROVER) IREIT 2 & X,
ERBUCBI 2O RT3 2 e AEKIIC
M TED ZeDmBEF LVDIED, DUNDHI
T ZDZ & 2R ICHEAT 5,
B722.1 —RaThiHs
—RICDERFIE R 7 — V) B D 5REE K
» 3EHHEICOWTIE, K (23) [p.BO) B LUK

B2 T—

B.2.1

(Z2m) [p.BI] TREAL TWb, ZhoZLlRICH
B3 2,
F, = Ny f(z)exp (—i2wha*z)dz. (B.19)

[N

Z Fprexp[—i2n(h — h')a*z] dx.

h/=—o00

—a
2

(B.20)

X (B19) » 5 R (B20) ~OZEHIE, B f(2)
P, RDESIC7—Y) TRIEFTZ 2 Z L %20
BrLTw3,

f(z) = Z Fyexp (i2rh’'a*x) .

h!/=—o0c0

(B.21)

2% b, X (BIY) i (B2O) #RKAT 22k
<, X (B2O) »EH T TW5,
ZIZT, RDOEIRIBEHEROETEZZZT

B Do

/2 exp (—i2wh"a*z) dx

NJS]

[ exp(—i27h"a*x) z
__[ il }; (B.22)
B =00k E, R (EX) OELORMNE—ED
FE (= 1) OED LD T,
/2 1dz =a. (B.23)

—%, K" £00rE, X (B2
SICEITETE 5,

) DEIRD X

[ exp (—i27h"a*x) ];

—i27h" a*
exp (—imh’") — exp (irh’)
= B.24
—i2rhar (B-242)
sin(wh'")
= (B.24b)
= 0. (B.24c)

R (B24d) » 65X (BZ4E) NDEFIZIT A 4
7 —DRAREHVTWS, £ wh” 1%, 180° %
7z1% —180° 72 DT, sin(wh’)=0TH %,

N (B20) i8BWT, Bz I T25HDT
Bs—1, FrA—vay (V) EH T 3D
DTHDH, EWWIHN.TH S, D=0, Eok
P RXA = a VOBEFPEIANEZTHNPEDR

o W' =h-n"tBL, X (B23) &\ (B2)
6, X (BZO) DY v A= a vy e BHoHH
X, h=h O ELFEaTRWMEEZRED, 0
fEIX aFy (= aFy) TH3, £oT, X (B2D) I
&0, 7V RO BRBDME F, B KRD BN S
bbb
B722 ZRTDHBE

ZRILDOERFIE K 7 — V) D HRBUE K
» 5EHEICOVWTIE, K (B20) [p.B3], X (z=zm)
[pB3] B LA (222) [p.B3] TilihL T3, R
(EZ2) 2R ICHET 5,
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exp{ —i2w[(h — W)z
+ (k= K)y]}dzdy  (B.27a)
Fhi = / ) / ) oo o
xp [—i27 (hx + ky)] dzdy. h/_z_:w k,_z_:oo Fiew
(B.25) i
ﬁ (BT9), (B20) TomHmEE, [, T /_ exp { —i2n[(h — h')a] }da
o TRILDHEIR, zldA— PV m] DT 4 1 ‘
AyYay (B) 200 LT7—Y 2 /_1 exp { —i2r [(k — K)y] }dy.
Beid L7z, —7, ZXnokha ol (B20) (B.27b)

I<H B R HRIE, fl{ZflﬁQwaéo i
i, za, yp BRX =L [m] DT 4 X T ay (B
i) ZFob D LT7—V i zidh L Tw
L2025 T, z, y (3R TH 2, 7—V ZHFED
Bk 2B 5 [0, & [0, [,
i, WIThoGEd —ACbL 28I TH5
CLIZEDD IR,

—7, f(r) &, XDk>127
x5,

— ) THREER T

) oo
h!=—oo k'/=—0c0

Fpoprexp [i27r(h’a* -+ k‘/b*) . (iL‘a + yb)]

(B.262)
h!/=—o00 k'=—o00
Fpopr exp [izﬁ(h,l‘ + k/y)] . <B26b)

R (BI6E) 12BWVWT, a, bIFEAIGERY FL
T, RO ny,, n, LT, f(r+na+
n,b) = f(r) TH2, a*, b* i, R (E32) [p.&2
B LUK (B33 Hp@]kiofﬁﬁéﬂt itk
FHANRZ PLT, a-b*=b-a*=0, a-a* =
b-b*=1T»2%, ZOMFICED, X (BZ6a)
» 530 (BZ26H) AEH XA TWS,

X (BZ6H) =X (BZE) 1ITfAAT % £ RO KA
Foh 5,

Fppexp{ —i2r[(h — )z
+ (k — K')y] }dzdy

-y Yo [

h!=—o0 k'/=—o00

W' =h—K 2BNT, 5O R £0OEEIH
LT, R (B27H) © 2 BT 2B %EET 2L

Nl=

/ exp(—i2nh" z)dx

[SIE

1
[ exp(—i2wh”x) |2
- [ —i2rh 1 (B.282)
_exp(—irh") — exp(irh”)
_ o~ (B.28b)
sin(mwh')
=0, (B.28d)
where h" # 0.

—, W =0 DL &,
i (BZ58) 4l oM

3 3
/ exp(—i%rh”x)da::/ 1dz

}
—1, (B.29b)

where b/ = 0.

exp(0) =1 THBh 5,
, RD XS5k 5,

(B.29a)

X (E29),
HTH 5,
L7e2ioT, X (B2ZIM) O_HDOH Y A -3
OB, h=H, 2ok =k Or %73,
i 1 ¥, R (BZ@E) £L D B OFE X
f(r) TH 27, X (BZH) IT& 5T Frp KD
oY (SRR iLY PV AN
BZ23 =ZXRDins
=RTEOBHRFIEA 7 — U ZRBOREUE K
» 3atEICoVWTiE, X (E52) pBE, BX K
KX (E53) [p.BO] TR L T3, R (B52), K

(BZ9) 3, =% y CEEHMRTHF
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(ER3) ZANICHET %,

f(r)exp [—i27 (hz + ky + l2z)] dadydz.
(B.31)

X (B30), & (B30) TR, f(r) XD XS
7=V TR T E 5 2 ZRIEE LTV 5,

FO =3 > Y P

hl=—c0c k/=—c0 l!'=—00
exp [i27 (W'z + Ky +1'2)] dedydz.
(B.32)

X (B32) 2R (B30) AICRALTH S,

W =h—HW, K'=k—Fk,1"=1-0 tEL L,
RORBEHN5,

/5/5/51 i i i Frrgy

1)
2 2 h'=—0 k/'=—oc0l'=—00

exp [ —i2n(hx + K"y + l”z)] dzdydz

=Y Y Y Ao

h!=—oco k/=—oc0l'=—00

/2 exp (—i2rh"z) dx

[SIES

[SIE

/ exp (—i2mk"y) dy

[N

[SIES

/ exp (—i2wl" z) dz. (B.33)

=R 7V B L TEBE ALK
(B333) &, X7 —VZHBoGE DR
(B27H) i2fl¥ ¥ 5, L7zd->T, X (B27H)
25X (BZE) 2 BH Lz T ARREEZLT
Szeickh, X(B3) Itk T=XmL7—Y
IAIX DRI Fropy D3RO N2 Z & DDH 5,
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Cl FA15—DRADER
HoE, X () po] X (IZE) [po] TitdEh 44 7 —DRXe U TICHET %,

cosf +isinf = et?,

cosf —isinh =e 1.

X (CT3) ol e ¢ %, X (CIH) Ol e ZZzh2hdp 3T, XOXERH 5,

(cos@ +isinf)e ' =1,

(cos —isinf)e? = 1.

C.2 BHoBOMY

x DB f(z) & g(x) DDoTct T, ZHNHDHE f(x)g(x) DWITIIRITL S ITEFHAETZ 5,

C3 FA7—DRHXDIEA
3% (CE) v X (CIH) OALT, =0 LB LRORBESNS,

(cos0 +isin0)e? =1,

(cos0 —isin0)e® = 1.
%7z, X (CZ) ¢ X (CZH) oLdick (C3) Z2@HALT, 0 THDT 5L

[(cos @ + isin ) e_m] = (—sinf +icosf) e + (cos @ +isinf)(—i e %) = 0,

gl~gl~

[(cos 6 — isin6) e+19] = (—sinf —icosh) e + (cosf —isinf)(i e™?) = 0.
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(C.5b)
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BiIE TR, KRBT O F =AM 2 e ic 3 2882C, ILKREBITH O R =A% £ D5
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The next page is the beginning of Appendix H
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B X 2 OWRINEERENTLROBER T LTIRZ 2 2 b 2, BEREREKcRHRTZ L
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Permission to madify the software is granted, but not the right to distribute the

@ EIETBM)

ORIZELREND)

v

Fristl

H.15 fHFFRERNET TREE 8F =y

IZEANT XN (N)>) 27V v o

[i] gnuplot ty R 7yF -

i
FTIBM TOEB LB ERRS (8w

tro b Py A EGT TR RA R LTI

b win/README-Windows. txt D3 A
gnuplot s{—3%7 5 = 5.2 s+t F L-~UL 0 — Windows T4/ F UERIT

gnuplot 1. B (207). B UBEG AT RS TORFELETE o

<Fa36) Enen)

H.16 1EWY 1 ¥ FuhRRREhES X

ANN)>1 2ZVv 7

[i2] gnuplot k7 ]

1A NEOHE
gnuplot 4 A b L FERIEEL TS

anuplot &4 22 b =) FB23 I AEIEE LT, DRA &M oL TR,

ﬁ%ﬁ[z[ﬂ:ﬁ\mf)wbbt(?Eét\a BTSRRI DI SR R T
e

| | =R

ZOT0N54LIRIE 114.3MB OFrADERSREELEE LT,

<FzE) e

H17 AYARAP=ADHREY 12 > FonHE

RENTS RNN)>) 27U v o

BIFAET 2 2F =y 72 ANT IR (N)>],
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[i2] gnuplot w7y T .

ToA—3 bOER
AL b= Tt = PEERL TR,

B [ o W R o W bt R P e TR el R W i
MAFToOEAL TSN FTFRENRAEN LTS

HARLA A= ~
gnuplot QBB R BRI A -2 112.9 MB

3.4MB

SATEIN T 1.4MB
i Pl = Rt 0.6 MB
1.2MB

IRFEMERIRIE 120.6 MB OF (ANESEEELEELF T,

<Fa) el

X H.18 av¥K-— DFERY 4 > R p
FrEhizs TR (N)>J BV v Y

2]

FoISLIN-2OIEE
FOUILPA AR DRI RIS EL T

J By bPrAEAA- b AT OIS L0V - b R ERLE T,
———

.ﬁg&[:{;r)kaEb‘JwbbU?{éL\a 570 LA M ESHRT B S8R 150U T
o

[gnptot )

7083 L 00— TR L (0)

<E30) Sl

R U MRRRE N

H19 IA—THEV 1~
726 TRN(N)>) 27V w72

[ gnuplot £9k7yF .

EMEADOER
FTIBIBIRAEER LTS,

gnuplot A A b= )RR TIBEMEAPEERLT, DR & wL TS,
PA TEd S &
F A0k b AR EE0)
anuplot DF 7)1 BEAFETE (terminal) DIER:
@ windows

O wxt

Oat

O GNUTERM IR TR Lig

Other tasks:

] 77*{Jb0)EEJ§jU&ﬁ5

<E5E) el

X H.20 BMXZAZOERY 4~ FURER
Xhts IF27 vy P RICTA 2y 2ERY
WF w2k AN TRAN(N)>) 27V w7

M H16, HT7, IR, HT9 Ti&, RN (N)>) %
7V v 735, 7272, RIHIR TIE, THAEN
G WeF vy s ANDS, RIEHZO T, T7R7
by TOERT A2 2R T S (D)) IKF = v
7% ANT TR (N)>), MEZI T, 20%

[i2] gnuplot vk 7y .

EMRAHYERR
ETTRIEMIRTEHERL T

gnuplot A 22, b— LCRITEBIBINRAIEERLT. DRAIED»HLTHES

Oat “

(O GNUTERM IRIEZREI AR L0

Other tasks:

(W] Z7f L DRBRE ST
TrA WABEF pit (£ gnuplot #REIEFTET.
e AEEF op (2 gnuplot #EEEFTTE S .
Ir JAEET .opl (£ gnuplot EEEEFTO T
[ 27 WAE3EF .dem (2 gnuplot #RBEFT T,

[ {7774 DT 1 LOMIE PATH IRIEEEN BT D

<Fa@ || xam> | [ wetn

MH21 BNEZRAZDERY 4 ¥ FUBER

N IRNN)>y 27 Uv 2

[2] gnuplot #79k 75 -

VA ERTET
CIERDTE 124 gnuplot B2 b LS BERAT 83 L

;dér EJk"&i’*r—r@”é[JI"*{;lF L%, SR PR E R TIL AR IR

A AR—IboE: ~
C:¥Program Files¥gnuplot

b Py O
HAALAZ AL

SR b
anuplot DB ERSBROTA —F o
anuplot 7B
gnuplot LA NTEAUF b
ﬁfﬁﬁ@‘é%”ﬁj‘l’?’ﬂ%@r{ﬁ)}ﬁ%

SEHIGT

<Ea(@) AUAR—ILD Fautll

H22 A4 YRAF—ILOUEMETI 4V Y
BERRENSES SR =) 2Ty

2] gnuplat #2 k7o F ]

AL -RKR
CIEROIE -1 guplot 4 AR LTUE T, LGRS,

IrVERRILTET ..
C:¥Program Files¥gnuplot¥hin¥wxbase30u_goc_custom.dll

H23 AYRAP—LHIZFERINDE T4 KD

FIRAN(N)> ), MHE2Z2 T4 2 b= (1))
27 Vw73 5,
Gnuplot 4 ¥ & b —LHZE, K HZ3 2R RS
MHEZA TE, Z20%F RN (N)>) &7
Vw235, IEZA T, %7 (F)] 227V v
JLTA VAN ERTT D, TAZ v 12
X, RIE28 D74 2> L FREN 5,
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[ gnuplot trabry T -

ThiE
FTIRRICLA FOEERFEIERES A

oy by PR T IR EA R AL TS

hangesin 5.2.8 -

* CHANGE user-visible GPYAL_TERM_HCHAR GPVAL_TERM_VCHAR (help debug
2183)

=FIX 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 WY1y FuRRRENES X
AN(N)>) 27V v 7

2] gnuplat 2k T

gnuplot £y~ FyIF —FD5T

CTERDTLE L —5—(C gnuplot Aty My EN S Liz. P
g(‘—i'a)*ziﬁa‘é[;(ﬂ LA b= ENETA TAERHRL T
Y

By Py AT HIAIET D LTLEE

[] README-windowsja.txt 3T 35
[] RELEASE_NOTES %3 T3%
[ anuplot 552745

<

MH25 vy 7y TR TXvtE—3
H26 FT27by7FEMEREINTZT7A4a>

Hgnuplot e m] *
TAMF) EESS(P) #®HRE B&EN —RG) B|A) JIEROQ
25418 3RT  ANT(H)
CEH S8000"

GNUPLDOT

Yerzion 5.2 patchlevel &

Copyright (C) 1986-1993, 1933, 2004, 2007-2013
Thomas Williams, Colin Kelley and many others

last modified 2019-12-01

znupl ot hame: htip: /e znoplot. info
fag, bugs, elc:  type “help FAIY
immediate help:  type “help” (plot window: hit “h'}

Terminal type is now "wxt’

nuploty _
encoding: sjis
H27 74aryzX7Ar7)y 27 LCH L HER

H.4 Gnuplot DfELVAE

H41l %GBT 7HE
HZ1&, 7A27 vy 7 ko7 4ary (K
HZG) X712 ) v 27 LT, Wwkys YRy

Terminal type iz now "y’
gnuploty [plot w2 & sinix

znup lot>
(24

T @a@aaly ?

=
T

i
-
.

2 & &

L L L
-10 £ o 13 0

-7.03685, -92.2710

X H.28
L7z Zlh

fy =x?sinz] OZ57% 7y b

Ternins] duos is ogy "wet’
grup ot > (splof_expl- (zwwrmid ) 710

znup ot

[ Gruplot (windowid : ) - ) X

Bxelszaaala?

exp(-(x* =2+ *2)/10) ——

oot e U o

H29 2 RUOERDHHE 2 =

exp[—(z> + y*)/10l) DZ 5 7% Fr vy b L
el A

THhb, a~v> F7ar7 MZ Gnuplot D4
BRATT D00, ROLEANLRENTTH 5,
HZ11 2X7TDIZ7

MHZRZ, ME2ZIOa<> K7 ey 7+,
Iplot x**2*sin(x)] ¥ AJJL T, [Enter] ¥—%
XA S LI ZATH%, Iploty &, 2KTD
7 7% WET 2@ B TH 5, y=2?sin(z) B3, 1
iz, iy T, Yoy PEXRTV3,
HZ12 3RTDIS7

&, HZa oa~<> RK7a > 7 b
T, lsplot exp(-(x**2 4 y**2)/10)1 £ AJJL T,
[Enter] ¥ —% XA 7L/ ZATH%, Isplot]
3, 3RTTDT 7 72T 2M N TH S, 2 =
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(a)
[ Gruplot (window id: o) - o x
O s|lczxeaaaly?
= ! - L k ! ’ X*"Z"sm‘[x]
- 1 (b) ,f
200 |- / \ ,“—
100 | / \ //\\ /—
\ v
i —N\J\
-100 ff/ \‘ \\ / E
-200 ff\/ \ [ 4
| \/
-300 Bl
-400 ! L L L L
-20 -15 -10 5 o 5 10 15 20

KH30 zOLYyI% —20~ 20 IXHET 2
lset xrane [-20:20]) & &4 FLTHho Ty =
’sinz) D5 7% 7Fay b L3

& Gnuplot (window id': 0)

DXx&slexaaala?

(b) expl-(<=*2 +y=*2)/10) ——

SR oo

view: 60.0000, 30.0000 scale: 1.00000, 1.00000

H.31 l'set isosamples 50, 501 ¥ XA 7
LTh5 Mz =exp[—(2® +4%)/10) ®Z'5 7
P7uy LA

exp[—(z? + y?)/10] ® 77 7 BHEE X ATV 5,
x IRETTFE O, v ZEITEOH, 2 I3HtOET
HBo 3XTLDY 7 7%, MOHPRMLEZY v
Z2& 87y 27 LT, 3DEEZSEL ZEHNTE D,
H42 NSX—R—%Z2II2VFTEEISZIS
i ]E

MEZIDa~<vY R a7 bT, RTAXA—=X
RIEELTY 7 72T 5 2 LN TE S,
HZ321. 2RI > 7

HZ330 (a) T, 7/ TH o 72 & 512 Tset xrange
[-20.0:20.0]1 ¥ A /1L [Enter] LT & [plot
xX**¥2*¥sin(x)) & XA 7, [Enter] L THiH <&
T= D73, (b) TH %, Iset xrange) I3,

50,50

v
2+ yh2)/10)
4 om2) /10

] i

(b) exp(-(x**2 +y**2)/10) ——

o
RN
RN

SRt A=

view: 60,0000, 30.0000 scale 1.00000, 1.00000

H.32 set hidden3d) ®a~<> K& AN
LTHh5, z=exp[—(z>+y%) /1011 DZ5 7
#7ny FLELZEZA

[E Gruplot (windowid : 0)

OEcelszaaala??

SRt A

view: 60,0000, 30.0000 scale: 1.00000, 1.00000

M H.33 Moy KS2EELZLT (2 =
exp[— (22 +42)/10]) DT 7% Fay b L7
y s

x WHOHEEHFAZHET 2~ RTH 5, set
yrange] Ty HiOHPHDHFRETZ 2D, T I Tl
FHZEEHR S, gnuplot ICHEIL > 2% BEIEYE
XHTW3,
HZ22 3XTDI 57

X HZY ofiEO»H &, MHEID (a) DL DIZ,
lset isosamples 50, 50 & X4 FL, Xv>a
DOEE 50 x 50 12k v b LA BT, 777 %
H L7702, KHEZ3D (b) TH 3,
(x**2 + y**2)/10)) 1F EREIF—%2 2 E X 4 7
LTH 56, [Enter] ¥—%t vy F;325Z&ITLD
ANENTWS, NEHEICXA S Lzax sy ¥
i, FREIF—% NEXALF52528T, IO

l'splot exp(-
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6000 ‘4

5000 —
4000 -1

£ 3000 |
i

2000 ~

1000 —~

[
0

H.34 'Montage viewer] &R L7z, A 8y
2Y IR DIELTHE S N NEFARY
%

I eNTE S,

M HE3D (b) 2R RS EBby, MHEHID (a) D
& 9512 lset hidden3d ) & %4 7L C, HE I'splot
exp(-(x**2 4 y**2)/10)) ZETL THERSI N
D23, MHE3Z (b) TH5, set hiddendd) I3,
3R T 7 DFHIME T 2RRTHa~Y T
H5,

HZ23. ROBLKRIDIEE

H33 (a) T, 77 70D E%Z [l rgb-
color ”0x0000FF” | ® X SITHEEL, #MOKS %
Minewidth 0.5) £4§E LT, 2 RITDIERD
HifR (Y7 ) 2 7ay L0, XHE3I3
(b) TH %,

McJ 1& MNinecolor | DE/ETE T, Minecolor | & 7
NAR=)LTAN LT EDR, rgbeolor
X, 7R (red), #% (green), H (blue) D2 X
THETSILZES TSIV T, 6HD 16
HEBT= OO 2 2 Z245ET 5. "0xFF0000”
7% B3R, 70x00FF00” 7% & 13X%%, ”0x0000FF”
ZBIIREHE LR B, 70x800000” 7 5 IE BE W
7R, 70x008000” 7% & 1 XHF VAR, 7 0x000080” 7% &
BB WEF RS, £72, 70x000000”7% 51 XE &
%%, Minewidth) 13, MOAX%E THA >
b (pt)) B THRET 247> a T, lwy &
B L TR 22 HTE S,

u MultiPak Spectrum: ESCA - Convert To ASCI
S Edit  Yiew Toolz Data  Window  Help

Open...

Y i ABC
Open Lazt Acguizition
Import IS0 ..
Close
Cloze and Reopen
Cloze All
Cem Tiewmnd Eile e
FDF ..
Data Parameters [J I50..
Options
Exit MultiPak PCK..
Color PostSoript...
B+W PoztScoript...
HPGL..
TIFF (entire window)..
H.35 [File) 'Export Toy TASCI1) % /H

27V w7 LT, HEFARY bL% ASCII ¥
ANTHRET 3

H43 T—RZT77A1ILDSHRAAATDI S
P 1E]

T—=RT7 7 ANDLBUEZHAAATT 7 7%
3 2%, X H22 [p.3] O®ET, 2~ K
ZIBIAATY 72 728 $T5 2 dHTE B0,
TANR =BT sa~cy FhEEZ X4 T
LUz e s, JEEICHENCR 5, Tgp) DL
RFEREO7 A Ma~y REIERLT, F—
RI7ANWH D7 A NVX—ICENTELL, Z
DI 7ANEBRITNVI )y 7T BT T, 757
WSS 2N TES, UTFTIE, ZOHEK
%77 7B OWTRAR T 5,

HZ3.1. csv 771INADIY RAR— bk

FEREEIC X o THUR S N T — X D5GE, f#
WHY 7 by 27121, =78V TaAAdZ
YR TE S ASCIL 7 7 A Mg, Bl —X %
JAR=FFTHEENDVT VD I EHZW,
AEITIE, JEEFoIEEE (XPS #iE)UlvacPhi
Phi5000 VersaProbe THUS L 72T — X %,
gty 7 b v = 7 IMultiPak) 226 T2 AR —
F LSBT OWTERT 3,

H34 1%, @Y 7 v v =7 'MultiPak]
@ Montage viewer DE— F TR RINZZDD
T, AN XYY ITEEDRLTELNTZL
BIFARZ MV THD, KHZDDESIZ7Y
vI7E5hE, H3G "R R~EN5, 2T,
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B Convert To ASCII X
REFIEAH(: [ | 20210821 %P5 Data -] e@eE
& £ = EwER &8
i QZUWJLW,WLSHMS‘;SV 2021/08/2013:14 Microseft Excel CS..
Zedroea 637]2019_07_17_001_Sn3d5_3Columns.csv 2021/08/20 13:14 Microsoft Excel CS...
. BIPET_Cls.esv 2021/08/18 21:28 Microsoft Excel CS..
FAIrT
"
51759
L
PC
F9hg-7
<« >
FrA AN [s.si02 2012 07 25 x5 | K (I |
srovogEm: o =] Frotl
N
H.36 TZ7vLTHDiADS lcsvy DILIR

T T ASCII 7 — X 2R 75 2%

Al T fo || #Areal
A B & D E E G H

1 |# Areal
2 |4
3 |#si2p
4 |# 1 2 3 4 5 6 i
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 I
1F 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 I
103 944/ 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 29.6449 79.8295
105 94 139.517 109.6165 69.6165 49.2756 99.9432 30.1278 100.0284
106!
1n7

H.37 1Si_Si02.2021.07_25_XPS.csv] %

XINVZ Vw7 LTHWEEZA

A B c > los%EE T X

1 |# Areal =R | BE oot BE 2R RE

el HAC)

3 |#sizp E

42 1 2 | = Areat

5| E L JAA@E-% 9By | 25 y—

lerzo-a-m-wae || B0 AFELTOREED): |4

] - LI (, ) EERT3()
5 272 &l 160 2nal R0 TRoR] 2000006 | |/-TYT- i
X amaom fidi RO

8 i B || =2, (1234.3210)

o || M a-© 180.8722 ‘J azms3z0)

10| [0 mORBOATYY: 190.4972 ER

11 i 139.7159

12 BRERRLTHORISS). | Looi

13 199.6307

1 D 1307528

15 ElE(D) 111.0653

16 BELEOIT(N) 129.0767

= s0ns0y| | BEOERURTRELST NESURTAISSSE.

: (88 BERLTGRU.
20 906392 —
OK Frotl

21 __[119:3266 (b) [CE=]
Y, N - * N =
H.39 R TOINTH L TMIURLLT DA

4T DB

L21 5 £ || 199.8011

A B & D B
1 |# Areal
2 %
3 |#Si2p
42 1.0000 2.0000 3.0000 4.0000
5 114.0000 149.8438 169.1051 229.8438 169.9006
6 113.8000 100.0284 140.4830 209.9858 150.0710
i 113.6000 160.3409 169.7585 209.9006 159.5170
8 113.4000 169.2756 180.1705 180.0000 170.0994
) 113.2000 100.3409 159.6875 189.8722 140.2841
10 113.0000 129.8437 160.5114 190.4972 109.3324
11 112.8000 180.2273 170.1847 139.7159 160.0852
12 112.6000 189.1903 179.1183 179.8011 190.6108

H.40

F—RIMTHEOT 7L T 7L

A B c D E
1 |# Areal
2 |#
3 |# sizp
A1E mrzen 11 WA A EE~ 9 9 E 2000 4.0000 :
518 1 =¢. A4 .0 8438 1699006 17¢
6 | 1138000 1ULUZB4 | 1408830 Z209.9858 150.0710 180
71 % womyD 5 209.9006 159.5170 22¢
81 [y ¥—( 5 180.0000 170.0994  20(

C

CH 5 189.8722 140.2841 13¢
121 &IE(D) 2
1L werompm) 8 | trom Tox
161 il
71 TILOBREE(E)... B BIOE(C):
7 |
TR FIDWE(W).. b Fetl
191 FET(H) (a) 7 (b)
201 ERRU) 5
H.38 3 XRTOFOIEE 11 #iicF 3

[8i.8102.2021.07_25 XPS.csv) D 7 7 £ V# T,
TR ERFT 2,

E37 1%, [Si-Si02.2021.07_25 XPS.csv) D
T7ANERTINZ ) v 7 LT, T7E)LTHOL
e TAHTHD, Al~vAd LD TH#) 1R, 77

ANEHNDHE IR T LD THS, ZD
7 — R %, DHIZ Gnuplot TitAAD % X
ST F %23, Gnuplot 1% [# ) THHE 217%,
aXy b ERRU TGS %, 8 1~41THZ,
XY ET7YNTRDIC, I T#) OXF
ZRATLTH D, HPIROESDOE L T %
KRL TS, 1HHOBYEEZAL T4 7T
FNF — (eV) T, 4THOEMEIZ, R %y XA
BMThHhd, Rig, 20D Ar 4 AR RE,
Si2p ¥— 27 fHED AR M LVHIERED R L2
FERT, RNEOMEIZ, HETFEE (counts/sec)
TH 5,
HZ32 7—2774)ILOMI

K H3R (a) T, IXTOFNEERL, 57U v
JLTHWEX =2 =05, TFOE %3ERT
%, MHZ3R (b) 2 XREET, 11 HNTHET %,
x5, (a) T, TRTDHEZ Y v 2 &
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Si_Si02_2012_07_25_XPS.csv ~
Ah WA ASLON BR 7 M R ME AL
fﬁ STLEL, By Ju AN EE= o LeosiemEsts | BE .| B3
oy D B I U~ B v A LDV == Duemsivemy - | m@- % 9 |G 4 | B
- S Emonr-/Ems =l = = &—)— = = = Bouss i b d | BEE
Sy THR-F ] FA [ EBE [ HfE ]
o EHEHITRE X
© IHAh—b W
B £ »PCH> OS(C) v D D 202108 22.0..
0 A LB PDF/XPS kst hoerl
= BRI TR s @
LEZ] 2 sl 2
Fﬁ o g = DESKTOP-NALSL £
[=2:¢ =% DESKTOP-NALSC
b) B (C)
_ Tr4 VOFEEROZEE D sy
L i, 08(C)
Ivh TrANeESR - <
rEaEE D ot (* xisx) Nt R
Excel AFLyks— e ERELES £ el | =
gﬁ%ﬁl‘h’,ﬁ E! TrALOBRM] TFAR (AX-ZEZEY) (*pm) VI
OpenDocument Z7LwkS—b (*.ods) B BE: Ko STMME
orenmoament Tk ez, B ; il
i & ~ TNgoRER  YMO - R
IHOEFFus (% xism) J
ZE ﬁE’WDEﬁﬁWKTWH;—MT &)
TORUDTP AN DR ~ P
% FEAR (5TED) (*.xt)
SITENShEF A MR ERELES RN t
PRN 771l
TFAD (AR AEGID) (~-pm)
AR ATERIBNEFEAMER TS e
DAT 774 )}
2 PRN 774 )
EWMENHT
BEF
N s 3 =78 S
K HA41 MWTHOTZELT 7 A4 A% Tpm) OIRF TR, EEF% [dat) 1CEZ 3
7] C:¥2021%2021_04_12_TokyoGakugeiUniv¥2021_08_23 001_XPS_Data_Temp¥Si_Si02_2012_07_25_XPS.dat - H3. po -~ - $az
TrWF) REE BRIV BES UFOW) YJ0M  Z0OH(0) [ 51.5i02_2012.07.25 XPS 00, S e
e @adxxXE Aalar U8 8 s\_s\oz_zmZ-W-ZS_XPSQa&QP irrp-—m/ o ﬁs
S T I 61} I 1Ei} I TiE I i} 15} e el L (a) =
T|# Areald £3 5i_5i02_2012.07_25 XPS.prn PRN 774 b 24KB
2
3f SiZpt B C:¥2021¥2021 0412 TokyoGakugeiUniv¥2021_08_23 001_XPS Data_Temp¥Si_Si02_2012_07.25._. = o X
4 1.0000  2.0000  3.0000  4.0000 6.0 7 L v it e -
BI" 114.0000 14903433 16901061 220.8433 169,900 1793 20 BEG ST 2R i Y0NSk L
6 113.8000 100.0284 140.4830 209.3858 150.0710 180.7 1O PIX= AWAr D8 @
7| 113.6000 1603409 168.7586 209.9006 1695170 229.4. W |
Lo mam e ) e Y o o e
ol 138000 19am 10BN 18 HS 10a5h 150 3|plot "S]_Si07_2012_07 25 KPS.dat” using 1:2 13 rabeolor “ONDODOFF” +
D L e e f e
! = = = R e |
13 112,000 170.7612 15005308 13906307 139.7727 17001, a et e e e e e T e
14| 112.2000 110:2131 1100142 1307528  90.0426  179.0i
B ne he IR G0 4 r
MR N RS 5 el 2200720 BTS00 e
: : : : ! 0 P =
B B e B ean e O, BT Tpause 1) %l
H.42 Si_Si02.2021.07_25_XPS.daty] O+ &

Fow Z7LTEIRLEDE, G2V vy 7L TX
a2 —RRREEDL, CLVDOERZE (F)) 27
Vw7355, (b) BERENZ, KL
D FRER) D& T Z2ENT TE] Z3ERL,
NSRRI DT E 4 HTIZRREL T TOK) %272
Vw2755, XH3R, DOMTICED, =
JENT—=RDTRTOELD, HEI DLS
2, & 11LHT, PR A HICRES NS,

T =2, AR=ZXTRXYISN7 Tpmy DILER
FTO77 AN LTRET 5, MHEAD (a) £ L
DI7740 %20y 232, KNHEA (b) A

i, TmZ AR —=1 ), 1774 VOEEOEE |
DIEICZ Vv 7L, B TTFAL (A=A
X1 )(*.pm)) ZRIRL T THHTZ2 D TRE
22V v 2 ¥ %, KEZD (¢) DEEAHL DT
'Si_Si02.2012.07_25_XPS.pmJ D7 7 £ LEZT
RET 2, TO7 74V 4 Y FUXDITT R
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2, ThLERaX Y b LTE#EI NS,
AX Y PFHAE TR L TE RO,
H44 ERT—2DIIZXR—F

(a) /£ LITHREETH 5 72 TExport plot
tofile) KRV EZ Vv 2T 5, (b) £
M, AlloTmE~—2%22Vy 235k,
DESRXT 7 ANDHEELZEIRT 5T NVEY >

X =a2—=%F<, BIZX TPNG files(*.png)s %
BEIRT 5 L, (c) BB, 77 A N%%
'Si_SiO2_Sputtrered 3D.png) ® X S IZFHEL,
RO MRFE(S)) 22V v o335k, ZOAR
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v yEAeRIMAPERRINS, £7, RC@A R, Download [1]J 227V v 2 LT [Intel oneAPI
Base Toolkit] D4 YA b=F—%2 Xy >u—F 35,

l'Select operating system| D 7N XY X =2 —%B%, 'Windows) %;&R, XI[21T
FOffline ) #:Z#R L T, K2 OHEET Download] 227V v 27§ %, RCZATIX, 424 VF 54
F3 <, £ FD Continue as a guest...] 27V v 75 %, %, ntel oneAPI Base Toolkit |
DAVAL—=F7 =Ky a—FHRORRTHZ, A YA+ —F—F, AVaro ZXyra—F; 0
7 AKX —IRFESND,

Select options below to download

Select operating system .

macO0S
Linux

.20  TSelect operating system| D7 NEX Y Y X =2 —% %, 'Windows| %*i#{R

1.4.2 Intel oneAPI HPC Toolkit @&~ >O—F

M9 =~ Download 2]y 227V v 2735 Z & T Mntel oneAPI HPC Toolkit] &4 ¥ X +—
TJ—%Xyrun— RT3, CZHD X512, 'Windows] @ TOffline] £ YA b —F7—%#RT 5,
@ Download)] 227V v 27§55, KX HBERSN5, [Base Toolkit] DHH & FHEE,
44T 3R0BT% L, ERD [Continue as a guest...] 227V v 27 F5%, Xvru— KK T35
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Select options below to download

Windows ~ Offline ~

Online

1.21 FOffline] %33R

Size
Version
Date

SHA384

Offline Installer

* Recommended for host machines with poor or no internet connection

What's Included in the Intel® oneAPI Base Toolkit for Windows*

3699.53 MB

2022.31

November 01,2022
7c1d8fadd445b9cedbdc1cc775fbb791f62c44bbf7e5386df1ca941bf3022adfcbf32¢

I Download I

1.22 Mownload] 227V v 253

Get Your Download

company name to complete your profile.

Sign in or Sign up

| Continue as a Guest (download starts immediately) — |

Signin to your My Intel account using your existing credentials. You may need to verify your country and provide a

1.23  #F® TContinue as a guest...] 27V v 7 (A ¥4 T 205EFR)

Fov0-k o

w_BaseKit_p_2022.3.1.19798_offline.exe
—

£

Mntel oneAPI Base Toolkit] &% > m— FHROFER

Get the Intel® oneAPI HPC Toolkit

Select options below to download

: Offtne ’

MMntel oneAPI HPC Toolkits] &v o —

FRItR DR
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Offline Installer

+ Recommended for host machines with poor or no internet connection

What's Included in the Intel® oneAPI HPC Toolkit for Windows*

Size 1353.71MB
Version 2022.3.1
Date November 01,2022

SHA384 15120fc2d3a9302f8d91c5e24230d32d0dac9659e23d3ae125ff7b343d9%e4a044a

1.26 MDownload] #27V v ¥

L, DEIBRRAyE=UD, 77U7H—FHLEIIERRENS, lntel oneAPI Base Toolkit] &
Mntel oneAPI HPC Toolkit] @A ¥ & b —F —1, DEI XY —F] DT+ LKX—IC
RESINATV S,

Get Your Download

Signin to your My Intel account using your existing credentials. You may need to verify your country and provide a
company name to complete your profile.

Sign in or Sign up

| Continue as a Guest (download starts immediately) — |

1.27 A T® [Continue as a guest...| 227V v 7 (4 >4 T 20FFRWV)

Foy0-F il o LU
o w_HPCKit_p _2022.3.1.19755_offline.exe

u w_BaseKit_p_2022.3.1.19798_offline.exe

HokRB

1.28 MMntel oneAPI Base Toolkit] ¥ [Intel oneAPI HPC Toolkit] &7 > o — K5 7K
2, 799 —FLIRRENEZA v —Y

[.5 Intel oneAPI Toolkits D1 > X b—]JL

[.5.1 Intel oneAPI Base Toolkit D1 > X k—JL

X [28 T, wBaseKit...] £FD 77 ANV%EFLT 27V v 7, WL, Xy rn—
K1 D74 V& —fFE N7 TwBaseKit...] DA YA =5 =X 7127V vy 22k, K30 5
FRENZDT NIV 227V v 7 LTHATT %, 3D TR, A YA M= —ZEMT 27 11X —
RRETELED, 774V EDFEETHDORV, KLC3 lExtract) @2V v 2T, 4 YA —=7—=N
ERXNE, K32, A YA —9—EBHTOFRRTHS, KIL3A Continue] ®Z YV v 7T,
A DX52A4 YA b—=7 —DUEFRIBRREINS,
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[l Intel® oneAPI Base Toolkit
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[l Intel® oneAPI Base Toolkit

Extracting datai4.cab...
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Installer will check your system requirements and launch

1.33

lContinue] 227V v 2
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intel Intel® oneAPI Base Toolkit x
Please wait while the installer is preparing...

Downloaded 20.7 MB/20.7 MB

Preparing the installer 50%

Software Installer Cancel

1.3 A2 +—7—%fEPDFRR

intel Intel® oneAPI Base Toolkit, v. 20223 o x

Integrate with IDE
 MicrozotVisua Sudic

Required Space

Recommended Installation

Custom Installation
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1.35  TLicense agreement] 25 = v 7% AL TH D Continuey 227V v 7
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Microsoft Visual Studio®
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Intel” Software Improvement Program
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intel. Intel* oneAPI Base Toolkit, v. 2022.3
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Mnstall] 227V v 2>

intel.
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intel. Intel* oneAPI Base Toolkit, v. 2022.3 -
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3
i
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SB[l 5nF - o x
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s & LETE
& 7497 PIER
i
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143 AVRAF=NVEDT A VX = (F7 4V FDEETIV) ZHE, Extract) 227V v

n Intel® oneAPI HPC Toolkit

HIZREZORITA: Intel Corporation
P IDAF%: ZOIVE2-9-LON-F F31T

HEERT

SRR

L42  Ndwvg 22V v 27 LTHfT

n Intel ® oneAPI HPC Toolkit *

Extract the product package to folder:

Remove temporarily extracted files after installation. Browse...

LT7 7 A NDERZHEET 3

1.45

intel. intet® oneaAPI HPC Tooliat X

Installer will check your system requirements and launch
automatically. Click Continue to begin.

1.44 lContinue] 227V v 2

intel. Intel® oneAPI HPC Toolkit, v. 20223 _o

Integrate with IDE
+Microsoft Visual Studior.

Required Space
n size: 921.5 M8

Custom Installation
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Crestea customized offine package forfuture se

lLicense agreement] IZF = v 7% AT, [Continuey 227V v 2
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TNI V7§ 3K BRREINDS, TV 27V 97 L THITT S &, 23 T, BT 5
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1.48 MMntel oneAPI HPC Toolkit] 4 > & b —)LHODFRR

intel. Intel® oneAPI HPC Toolkit, v. 2022.3

1.49  Intel oneAPI HPC Toolkit] 4 ¥ & b — L5 TR ORR
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| : 2022_12_01_001_Iniell_fnrtran__Sl220__14_21_3{]un1_\"IF!2|_p
B<0)
FLLDYFOTEEL(E)
B Skype TEE
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oo p 2022 12_02_001_optimized,pdf

200 Physicaligthema
A TR TZ07. 001 TwoBeambonio_PC_pol_0_IntelFortMKL 3 kB
# ] SasakiTableDiaSilGerdat 21KB
#  [2 xDispersionSurfaceCentral.gp KB
#  [E Xintensity_014um 000 Arcsec.gp KB
[ Xintensity_014um_001_ArcSec.gp 1KB
[E2] Xintensity_021um_000_ Arcsec.gp 1KB
[E2] Xintensity_021um_001_ArcSec.gp KB
[ Xintensity_030um_000_Arcsec.gp (a) 1k8B
[ Xintensity_030um_001_ArcSec.gp 1KB
[E2] XOP_Xintensity_000_ArcSec.gp KB
[[2] XOP _Xintensity_001_ArcSec.gp KB
001_IntelFortran_Si220_14_21_30um_VIP¥2022_12_01_001_Compile.txt] - ¥ = a X
3 A/FI(W)_YJ0IM) 200 1
X = AdaraaBE 8
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. o Y
(©) Groove 21-97
Microsoft Edge  Microsoft Store
1

. Intel oneAPI 2022

d Intel Advisor 2022.3.1

0 Intel Inspector 2022.3.1

Intel oneAPI command prompt for Intel 64 for Visual
Studio 2019

] intel oneAPI command prompt for I...

ac Intel Trace Analyzer and Collector 20...

T Intel VTune Profiler 2022.4.1

L kzAasLtias

1.54 Windows DAX—b+RX>% 27w 2L, 1] ODEHEIZH S [Intel oneAPI 2022 OF
BIVwr3he, TAX A= 2=, ZOHD lNntel oneAPI command prompt ...
Z7Vvr35e, MIEE PEREND

[ Intel(n) oneAPI Tools = o X

initializing oneAPI environment...

Initializing Visual Studio command-line environment. ..

Visual Studio version 16.11.21 environment configured
“C:¥Program Files (x86)¥Microsoft Visual Studio¥2019¥Community¥”
Visual Studio command-line environment initialized for: 'x64
advisor — latest

compi ler — latest

dal — latest

debugger — latest

dev-utilities — latest

dnnl —

inspector — latest
intelpython — latest
ipp — latest

ippcp — latest

itac — latest

mkl — latest

mpi — latest

tbb — latest

vpl — latest

vtune — latest
oneAPI environment initialized :

C:¥Program Files (x86)¥Intel¥oneAPI>,

M 155 REEXNL7 41X —12H 2 [2022.11.27_.001_Comile.txt] @ 117H% [Ctrl]+[C] T, a¥—F3

1.6.2 ZFZOJZLOaAVNAILE) >

[543 X, Windows DAX— b REX V%27V 7 LT, 707D~ E2RRIEREIAT
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3B <, lntel oneAPL..] ®a~<=> K7u >y 23H 27, Windows 2364 Ly hDT AT LD E =
i, AERNZ, 328y FOBER, 2022 v 235, REEADBRREINEDT, I—Y LD
BLTW2EZA1C, avYy FEI[BIAAT, 7797 70aY 4 0&) Y 7 2ITOIIEDNTES,

K53 (b) @ 1ATHICEIRLTH 2 Ted C:/ 2022/ 2022_12_01_001... | ® <> F#% [Ctrl]+[C]
Tav—Ll, KMIEE I, [Cull+[V] THbfMF2Zricky, W&, EET A VKX —%
BE¥ 2%, Xz, K3 (b) ® 3fTHICER L TH % [lifort 2022_ 12_ 01- 001- TwoBeamGonio...f
/Qmkl] % [Ctrl|+[C] Tabt—L, Y—=—RT77AN0DAY A NE) I 2FETT S, a4 L&V
VIOPKT TS L, 27 R~ EN 5,

MIERTIE, YV—RAT77ANZaY A N&) 7 L2 8 I & DEREINT Texe 7 7 £ V) FK
IRENTWVW5,



200 8% 1 Intel Fortran & Intel MKL O A > A b — LG fHW

88 Intel(q) oneAPI Tools

Qinke |
applications ruming on Intel (R) 64, Version 2021.7.1 Build 20221019_0}

ol 0_IntelFor

PT¥mk | ¥la
KL

156 20221127 001_Comile.txt] ® 3 ffHOa=> F% [Ctrl]+[C] T, a¥—L, a<v R
Tay 7 MDA, ay Rt &) v 7 RETT B,

8 Intel(r) oneAPI Tools

TOT 5 LDAYNRANEY ¥ 7T REO HEH

4 || = | 2022.12.01_001_IntelFortran_Si220_14_21_30um_VIP

<« S > 2022_12.01_001 IntelFortran_Si220_14_21_30um VIP v e

001_TwoBeamGonio_PC_pal_0_intelFortMKL
& 2022_12_01_001_TwoBeamGonio_PC_pol_0_IntelFortMKL.obj
8] SasakiTableDiaSilGerdat

[ XDispersionSurfaceCentral.gp

[E&] Xintensity_014um_000 Arcsec.gp

[ Xintensity_o14um_001_ArcSec.gp

[ Xintensity_021um_000_Arcsec.gp

[E& Xintensity_021um _001_ArcSec.gp

[E&] Xintensity_030um_00o Arcsec.gp

[ Xintensity_030um_001_ArcSec.gp

[I2] XOP_Xintensity_000_ArcSec.gp

[E2] XOP_Xintensity_001_ArcSec.gp
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= | 2022_12_01_001_IntelFortran_Si220_14_21_30um_VIP

h-L  #H RT

- TI « Windows () > 2022 > 2022_12_01_0ﬁ1_\nte\FDrtran_S\ZZﬂ_TA_Zi_mum_\/\PI _21_30um_VIP)1E

EX

1] 000_PhysicalMathematics_2022_12_02_001_optimized. pdf
) 2022_12_01_001_Compile.txt

[ 2022_12_01_001_TwoBeamGonio_PC_pol_0_IntelFortMKL.exe
8 2022 12 01_001_TwoBeamGonio_PC_pol 0 IntelFortMKLF
9] 202212 01.001_TwoBeamGonio_PC_pol 0 IntelFortMKL.cbj
B8] DispersionSurface_+000degRotated_0014um_thick.dat

] DispersionSurface_+000degRotated_0021um thick.dat

*
”
*
»
”

) DispersicnSurface_+000degRotated_0030um_thick.dat DAT J74))
] Eigen.dat DAT 774l
8] Eigen_+000degRetated_0014um_thick.dat DAT 774l
) Eigen_+000degRetated_002 1um_thick.dat a DAT 774l
) Eigen_+000degRotated_0030um_thick.dat DAT 774
B Intensity_08.0480keV._ +04+02+02_+000degRotated_0014um_t., DAT 774l
BT Intensity_08.0480keV._ +04+02+02_+000degRotated_0D14um_t., DAT 774\
DAT 774}

B Intensity_08.0480keV._ +04+02+02_+000degRotated_0021um_t.,
) Intensity_08.0480keV._ +04+02+02_+000degRotated_0021um_t.,
@ Intensity_08.0480keV_ +04+02+02_+000degRotated_0030um t..|

@ intensity_08.0480keV_+04+02+-02_+000degRotated 0030um L.
E SasakiTableDiaSilGerdat

DispersionSurfaceCentral.gp

[ Xintensity_014um 000 Arcsec.gp 2
[ Xintensity_01dum 001 ArcSec.gp E! GP J74)
Xlntensity_021um 000 Arcsec.gp b E! l Gp
[ Xintensity_021um_001_ArcSec.gp 202 8 Gp
[ Xintensity_020um_000_Arcsec.gp 202: 8 16 Gp
[ Xintensity_030um_001_ArcSec.gp 202 8 16 GP
[E2] XOP_Xintensity_000_ArcSec.gp 202 8 16: Gp
202; 8 GP 7.

XOP_Xintensity_001_ArcSec.gp
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& Gnuplot iwindow id: 0) B o X
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1.61 Gnuplot T ldat 774y #7ay LA

1.6.3 7O 5 LDRIT
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MBERREND,
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MNTE 5,
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Python D1 XA = ILAEEFEWVS

J.1 Python IZDWT

Python &, A7 Y AHBDO7 XV HINTRTTI~<—, A4 F T 7>rvHLIL-T 1991 FI126
HKINTarIIVIEETHD, 7077 L05ARTE, fEDPTX, HEOLPTICHENE
BOWTakitEhTH D, 20234 10 ABAE, RO AKDOEWT 0TI IV FFETHLLINTV D,
YouTube, Instagram, Dropbox 7 £'i%, Python Z HWTH¥ XN/ Web 7 7V r—>a v Th 5,

BT ERO A4 770 =TI NTED, bk Web TERTAFLHES 2o BN TE
%, Fortran (2> %4 7 —) B E{EGI RO AR L CEL L TE MO ESIETH 2 DITxfL
T, Python (£ ¥ & =71V &% —) BOFEHEEITE ERV, LaL, FECZLOHARCHEL TS
D, =74 YT ZXXNVOMELIE V. IT AMORENOBEDOHRMEL 725 TALWD, T
BROMBIIEZ B Z e N TE B FEE LT, Python OHBEZYHEBEOERNAICMZ S 2 Lz,

J2 Python DA >O—R&A>YRA =)L

X®D URL (https://pythonlinks.python.jp/ja/index.html) 22V v 273 % X I DFA—
AR—UNFEFEEN S, Windowsl0 20 LIE 11 DY 3> D% < iE 64bit Bz o T, 1] Win-
dows(64bit) | DX TDFAPNT WS, BEROIZEFET 5, Windows 2 2 53, 32bit iR, 64bit
DO EH B2 EFRZI121E, MO (3] D NCH 22 BHEICLTHRND IR TE S,

2] python-3.12.0-amd64.exe; 227V v 27§23k, 757 UF -0 LM IAMNKRSINS, £

JEARPythonF D >O—RU> 2
[1]
: Windows(64bit) Windows(32bit) macOS Source

Python 3.11

For 64bit versions of Windows

Python 3.10
Version Date Filename [2] Release note
Python 3.9

_10- 3 g b g
bython 38 3120 2023-10-02 | & python-3.12.0-amd64.exe | python-3120

[3] Windows(C(d 64w B{==3 2 Z328y M (=320 0F 7.
=3 DD ARBMBE ([, ROFIETHERRL T IEE0).

J.1 Python Xy >m— KDV A b

1702 nk—KICEWEECRR L CEITT 5 70y s I v U558
*2 702 5% VTTOMWEECRIR L TEITT 3 7 ur 53 V258
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¥%90-F B Q
w python-3.12.0-amd64.exe
74 L EEE
tokR3

2

X J.2

(774 V%EBL) @27V v 2T, Python X7 >u— F DA

1 pgthsn
| windows

©» Python 3.12.0 (64-bit) Setup

-

A, =1

Customize to enabl

—> Customize installation
Choose location and features

Install Python 3.12.0 (64-bit)

Select Install Now to install Python with default settings, or choose
e or disable features.

() Use admin privileges when installing py.exe
8 Add python.exe to PATH [2]

Cancel

X J.3
DA VA N — LVBE

FAdd python to PATH [2]J 15 = v 7% AfL, nstall Now [1]J @2 U v 7T Python

& Python 3.12.0 (64-bit) Setup

-
A

1 python

Setup Progress

Installing:

| windows

Python 3.12.0 Development Libraries (64-bit)

J.4 Python -ty b7 v FHICER SN2 HH

DIT7ANERL I 27V I528, A VA M=F=RXvra—FZh, NIBHEREINS, T
Z T F'Add python.exe to path [2]1 125 = v 7% ANLT lnstall Now [1]J 22V v 27§ % ¥ Python
DA VA=A ED, MIAMLRREINE, RIOEABPERRENLS, H D [Close)] 227 Vv 27 L

TINZML %,

J.3 Python M35 EIF

Windows OEEA FOKIE M1y MKEx 27V vy 2L, MIA T2]) DY 4 > K72 lcommand | & &
479 %, 3] Command Prompt)] 227V v 27§22 ERENS, [[1] C:/Users/okits>]
(okits F2—F—H) Oa~vr Py 7 HRERREINS Ipython) & XA 7L TH 5 [Entrer]

¥—%btvy 3§35, 2] Python 3.12.0

X ]\ "_'}I/é mTL\éo

el DA Y=Y DPRRENZS, Python IZIEL L A~
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& Python 3.12.0 (64-bit) Setup — X

J Setup was successful

New to Python? Start with the online tutorial and
documentation. At your terminal, type *py" to launch Python,

or search for Python in your Start menu.
v w in this release, or find more info about using
Pyt Indows.

python

windows

J.5  Python £ ¥ & b —)L5E T IR D

I ——
D) Frvk 77 prwvk wr - (D

BE—BI3mFHE

JYVK JOVTh
153 75

F 39YE FO0YFk - python X+ v

Microsoft Windows [Version 10.0.22621.2283]
(c) Microsoft Corporation. All rights reserved.

[1 ] C:\Users\okits>python
Python 3.12.0 (tags/v3.12.0:0+b1l8b0, Oct 2 2023, 13:03:39) LM
SC v.1935 64 bit (AMD64)] on win32
Type "help", "copyright", "credits" or "license" for more info
rmation.
>>>

J.7  Python ODFCEhHE A

J4a A9 T1TE—F (MNEEE—F) TD Python DETT

7 O®FEATIX, Python DA X525 4 7E—F (Mihit— F) TERREhpavr ey
FCTH2B, TDE— KT, XA 7 L7 Python O@HX%E 175 2FTLTDL,

MIRE, A >¥&XF7277 4 7F—FTOD Python 2~ REfFHIZRLTWS, KIR[1] TZX, &
B alxs5 ZfAALT [Enter] Zt v b, print(Q &, il () OFOEBZ W LIEER T 4 AT A
WKHAT 288 TH 2, ZHall s Z#RALTVWEDT, [Enter] Db v b T, RO 5 B HEh
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33> a=bh >>> d = 'atbic(i®
>>> print(a) »>> g = "EFN

5 >>> print(d, c, e)

>>> b =a * 2 atb+cli 15 ©

>>> print(b) =>> f=d+c+e

10 Traceback (most recent call last):

>>>c = a + b File "<stdin=>", line 1, in <module>

>>> print(c) TypeError: can only concatenate str (not "int")
15

>>> print(a+b+c)
38

22> |

=»> £ = d + str(c) + e
>>> print(f)
atb+cF15T F

J.8 Python O4 ¥ X777 1+ 7%—F (Mali€t—F) T, BENB XOCFRZEBIMEZ A
L, print() BBZFITLTHAEETVS

lﬁll =>> quit()

C:\Users\okits>python
[2 Python 3.12.8 (tags/v3.12.8:8fbl8be, Oct 2 2023,
13:03:39) [MSC v.1935 64 bit (AMD64)] on win32

Type "help", "copyright", "credits" or "license"

for more information.

[:3 >>> print(a)
Traceback (most recent call last):
. File "<stdin>", line 1, in <module>
NameError: name 'a' is not defined

lﬂl >>> quit()]

J.9 Python D4 &5 757 4 77— K (MFHEE—F) O T & HiLH)

TWa,

8 [2] TI&, Tax2) Off (Zf a LEK 2 OFF) 28 b ITAA S, Tprint(b) [Enter]] & &4
7o ROATT ax2 OFIHEAER [10) BHHEh TV 5,

MIB 3] Ti&, Tc = a + b[Enter]] T, Z% c T atb DEARASND, TOFE, XFEEL
FO-IIFAR=ADDH>THRTH XL, £V 2H-oTHHDR, lprint(c) [Enter]) T,
a+b OFHAKR 1161 PRDOITHHENT WS,

¥ I [4] TIX, Tprint(a+b+c) [Enter]) T, atb+c OFtEMER 30 ATV,

B IR [5] T, d = >a+b+c i&’ [Enter]y T, ZHd T, Tatb+cld) DOXFHIBRAIH, KD
f'e = > TY [Enter]) T, 8 el T OXFHNHRAZINS, (Python TIX, XFHNIEFR
REZ2ES ZenTES),

XEHNDIEEE, VIV —b ) THEX TN 53—+ ") THHEDRV, 772 LHE DRI
THZEEFFEINR Y, e, Ny T x—F TRV, d ¥ e 3 XFINERALLRRT, X
FRZRTH D ZEDMEET 5, (EBOBNUES),

IR [6] T, [f = ’d+cteld’ [Enter]y DANB LTI —24D, T7—Xvb—IPERRINT
W5, ZHUE, d & e FRHERTHZ2DIIMLT, 1] T, BEAZLZKORLAETEGZ 6N ¢ B
BBOUZERT, HENTERP LD TH D, WAL LBVWEREITERE S5 LOHEHFEIZTE
A

R [7] Ti&, FRIMANOREIUZERITHIES 2 X752 iKT str (O Bz VT lc) oXXF%2 5
ZTCW53, Lo Td+str(c)+eld, LFHEKTH D, XD lprint(f) [Enter]) DASIT, XF
H| Tatb+c & 156 T I h 3,
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8] C\2023\PythonFolder_2023_10_22_00T\Command_2023_10_22_001.5¢t (E5) - H71
IrAWF) REE FRM RFS VYEUW) I70(M) EF0#(0)

O X E QAOGAr B8 8
H | fig, 1 [z0 | [0 | [0 1G] 1 131
1|ed C:¥2023¥PythonFolder 2023_10_22_0074
2 |pythont
3lauit()e

4{python 2023_10_22 001 Kaijo KaijoRecip.py!

1022
5 |python 2023°10°22 003 Kaijo_KaijoRecip_fO_X SyrmtaxError.pyd
g E%Ef’;c]m 2023 10 22 004 Kaijo RaijoRecip fO X SyntaxErrorFixed.pyl

J.10  Python DR 27V 7+ Z2alilB L7 F A+ 7 7 4L

B C:\2023\PythonFolder_2023_10_22_001\Comm ] 2nErHTER
74 = £= 5 S
[1] oo EEEH BTV RO 9000 743385 [ =5 Pyhonfolder 2025 10.22.00 .
TR T ALN) o
E<(D)... N EX0] =y
F-ﬁbffﬁ_((\:)m a 8] Command_2023_10_11_001.txt 2023,
2 =L 8] Command_2023_10_12_001.txt 2023,
[2] EHEETHTRFA., B Command_2022 10 14 001.txt 2023,
o e (0. ‘ 8] Command_2023_10_22_001.txt 2023,
EIR(P)...
I 3-FOEZD) F74 & (N): |Lommand7202371072270mm

FELTETE (a) (b) THANDEET:  FEARTPO )
#BTW [3]

2EEETD I‘/J-Fﬂﬂ)ﬁxﬁ(o) Sh\ft*J)

£BTQ T B oemishitt-Ji5
HAFSRELC)
.. ¥2023 10 22 001) Compact Yet WithTeXSc B2 JE)

Unicods{UTF-16)

.. ¥2023_10_22_001)_ Compact_Yet WithTeXSc Unicade( Ll
i

|_—a 3 C¥2023¥PythonFelder_2023_10_22_001¥2023_
IrAILEANIDITEH

TF - 16, Big-Endian)

J.11  Python DR 27V 7+ 7 7 4 V& R{F, = a— FRIE Unicode(UTF-8) I3 %,
Python ®Y —2X7 7 4L (*.py) b [k

J5 ROV TFE—RTOD Python DETT

J5.1 AYEZU9T1TE—RDET

MIR (7] odHeic, KA1 DX51Z TquitO) XA FT52LT, A X577 47E—F%
BTLTRZ YT ME—RICBITT %, KA [2] [C:/Users/okits>] ®F v > 7 T lpython) &
RATTBY, BUA YRS 2774 7E—RIZRS., LL, RO [3| ®X5iC lprint(a)) & XA
TLTH, TI7—tib, IR T la=b) DEIRAZINTVS2, MIU[1] D quit())] OX
A1k, MIRTERINLEROBREITANTIZ Y 7ENS, Tquit() ) lpython) DX A FiZ
EVA VRS T4 TE=RERZ YT ME— NIFHET 20, ZROFEIRESI RV, KDY [4]
D TquitO) &, MIT[1] TXA 7Lk TquitOJ &2 [ERHIF—] Dby P THERSELLDTDH
%, [ERAIF—] RV LI [FEAF—] Dbt v T, ZRBENCASTILEZa<Y FEEIRLIETTS 2
EMTED,
J5.2 RIVVT T 7AILDERERE

27V T ME=RIX, HEITICa— LT B 7 L2FTCELE—RED, RZVT 7740
R0 T LOFRIE, FHTT 4 X—2HVSE e HRIND, 254 VA =L LTV
i, §G3A [p. 68 Ot E B LT, v ru—F, £ YA b=1F %,

MITOD&SICEdh L7 7 A VRRIFT 2120%, KT (a) @ 1] 77 A1) T)2] iz T
7 D7) v 7L, KO (b) XA 70T, 3| 2>va—ROFEE OTVE T XA =a—
55 4] Unicode(UTF-8)) ZFERLIRET %, 1Z0DT Y a— FARTIES L 0VRLPVOT, TR
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2023 * + o x

® sAfem % @ (2] W N o#EsER = =5
< A [ 1 ] » PC » Windows (C) > 2023 - @] »

4 Fovo-F 5 #47

> 2022_03_31_Manuals PythonFolder

>a ZEIZZ_DJ_EIT_MuItiPak_Passwd_Data[\\Es 2 :l PythonFolder_2023_10_22 001

2023 0116 _ERmEALVF-LES s 2022_04_07_MultiPak_Passwd_DataFiles.zip

REQEE 1EQEREER EQ

= 3vvE FOvIh x [IE

Microsoft Windows [Version 16.6.22621.2428]
(c) Microsoft Corporation. All rights reserved.

(b) C:\Users\okits>cd C:\2823\PythonFolder_2823_168_22_861

C:\2823\PythonFolder_2023_18_22_6801>

X J12 (a) fFE7 A VX —Z/EKL, (b) a~Y FFary 7 THE

BET 5,

J.6 Python 70OJ 5 LDORIF (BHEHR)

J6.1 EETAILA—DIERRLIERE

2 (a) &, =27 X7 v —7—7T, l[1]] PC\Windows(C:)\2003] @ 7 # /L & — I []2]
PythonFolder_2023_10_22_001] OH% 77 A VX —%{EKX L1z 2ATH S, 7z, K II2 (b)
1%, T[3] C:\Users\okits] @7 #/LX—"7T lcd C:\2023\PythonFolder_2023_10_22_001] ® 2~
YRANZED, L7 A VX —1ZHEEI LIz 2TATH S, lcd) (Change Directory) 1&, HLED
TANR—= (ALY T ANE—, ALY T AL ) =) 2EET2aAv Y NTHB, 7HLKX—
3, T 1THE»S a3 —&R—ZA M FRT X,

avy P 7ar 7 A IIA (b) 4] €:\2023\PythonFolder\2023_10_22_001] ® & 5 iTHR
N, 7ANR=DEDSTIENTh 5,

J.6.2 HERFDOEFR

Python ® Y — 2 a— FOIRETIX, —i%iC py) 2RI h 2, ZOWERTO7 7 4 L EFAT
T AR, RINVTZ YV I FBRTT, FIITT 4 X=0005 L2 X512 THL LEAMT
Hb, MO [1]-6] 1X, ZDOFIEEZRL TV,

13 (a) 1%, "TPC\Windows(C:)\2023\PythonFolder_2023.10-22.001) O 7 4 VX —% LT F X7
n—o—%2ME, ZOHFIZH2 TFpyl D77 ANV ERRIERLLEIATHS, Il D774 %h
ZVv ¥ 5k, I3 (b) BERREIND, [[2] a7 a6 3] HloFars n%2ER ©
Ez2Z7 VY 732 KII3 (c) BFEREND, T[5] HIfES]) T4 FALT 1 &) DIEICZ Y v 753
¥ Tpy) @7 7 AAnE»rNE, ~HZhEHL 2RI (d) DESIC Mpy) D7 7 4 AHFHL
IT 4 R=ICEREIN, TNEXTNVI Vv 7T 51200T, FHLT 4 X—=036 E235 X512k 5,
J.6.3 FEEOHE
0631 A7 5 LORITHR

MITdx, a~> ey 70, NI O 1 {THOXFI %2 a—&R—Z b LTEITLEART
» %, python 2023_10_22_001_KaijoRecip.py) D AJJT [2023_10_22_001_KaijoRecip.py.
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PythonFolder 2023 10 22 001 X 4+ - s >
&% 18] &D = W T RS =
€ v o > PC » Windows (C) » 2023 > PythonFolder_2023_10_22 001 v G PythonFolder P
& b (a 280 $4%
| |# 2023_10_22_001_Kaijo_KaijoRecip.py
> & FF-EAR :
[[1 :I # 2023_1G_ZZ_OUS_KauD_KauoRe(\p_fU_X_SynbaxEernpy] FUEBALT py TrOVERIKC
I3 2023_10_22_004_Kaijo_KaijoRecip_fo_X_SyntaxErrorFixe 7
a0 0 ot
[l pynon
nt
AICAYISEM
0o ZPIFMlERTS b [ Microsott Store £EEWTE irel) (C)
€ v > PC > Windows () > 2023 > PythonFolder 2023 10_22_001 v C PythonFolde L
A Tl | &5 ==l $4X
> @ EF-F -\$(d) Bt 2023_10_22_001_Kaijo_KaijoRecip.py PY 274l
[6 2023_1G_ZZ_OUS_Ka\jo_KauoRe(\p_fU_X_SynbaxEernpy] PY 7711l 2KB |
[ 2023_10_22_004_Kaijo_KaijoRecip_f0_X_SyntaxErrorFixed.py ~ PY 7741l 2KB
HEDES 1 EOESEER 111K8 [Eo

X J.13

*py DI 7 ANEBXTNI Y v 7T BT,

FHITFT 4 Z—THL X512 T 3,

NOIRRT & T 0T neinol) 5 —RINFiE

774

JI¥YE FoyFh

1_Kaijo_KaijoRecip.py
1

kaijo

1 / kaijo
kaijo

1 / kaijo
kaijo

1 / kaijo
kaijo

1 / kaijo

1
1
2
2
E:

[

24

EEwW

23\PvthonFolder 2023 16_22_0613python 2023_16

0.16666666666666666

0.0U166666666666666U

kaijo
1 / kaijo
kaijo
1 / kaijo
kaijo
1 / kaijo
kaijo
1 / kaijo
kaijo
1 / kaijo 2 731922398589

[
[
7
7
8
8

873015873e-05

[}

3e-06

n

:\2823\PythonFolder_2023_18_22_8061>

J. 14 FEROFEMR

o 1 Tic, 1 28 1 [0 1 111 il 1 JE0_ 1 [/
1|for | _step in range(l, 10, 1): f NTON#2EF
2 Raijou i =1 P EEOEEIC)E Y FL
3 for j step in range(l, | step + 1): ] step@EIEIJ1D A1 stepl
4 Kaijou i =HKaijou i % j stepl
5% end for j_step i Durmmy L
] print{i_step, " no kaijo =" HKaijou_i) ¥ Haijou_iDEZHLL
7 print(istep, " no 1 /kaijo=", 1 /Kaljou_i) 41 /HKaliou iDEZHL
8|#next i_step 1 4 Dummyd
9| [EOF]
X J.15 BHABOERZHET S 074

WKRRE N7 a7 L2 FTTEIENTES, 7077 2DONEFEIZOWTIEROHNIGE RS %,

0632 7AJ 5 LDO—F

XT3 13, BRBOBEZHE T2 07520V —Ra—FTh3, BEAKIE, TLT7 7Ry
FDORLFENF, BT, TUE—Ra7 ()X D, KXF/IXFEXAEh 3, £z, FH

WEEDD > Tl s n

I3 117H® lfor i in range(imin, imax+1, istep)) DOMIE, i % imin 25 imax ¥
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IvyF FoyT+ X S

Au33u32915
068000080081 90800801
0801
84976640808
6817017063068Ue-23
) e
33345711

2.7557319223985893e-06
e o
51445914416863955
€

999999963909432
9000800066001
= 9
15511210643330985984000000
6.040695028U384UT0e-26
5 e) 8
3.1674914361623334

2.505210838544172e-08
) e
jo = 1.6607902926602778
X .4999999963989432
80008001
a1

I
2
(e

6.5000000000000881
cos_x_recip = 1.9999999999999996
00217777 1 / math.cos(x) = 1.9999999999999996

00800081

€:\2023\PythonFolder_2023_10_24_801>|

(b)

J16 ~27u—1V YEHIZES cos(z) DEIR 077 A

J17T ~Zu—V VBB X3 cos(z) DFEMER (Fi)

Tistep $OHMI B THREINTTEIILRESTT %, AXFA YTV (FFF) LTadhL 7z, 2
TEH»S TTHICERE N i fmZ, 9EFEITTEI L8R5, 47 ¥ MIRAT, 4 CF0HEREx
NTW2, 8/THD M# next i_stepl) I, #00MHFE 2 A XY P THE, ZHIRLITHHEDR
W, 1fTH®D Tfor i in range(imin, imax+1, istep) | LFEBHXFZF UMNICEAR L TLETRZIX
Tz rickh, 2~ T717HD Tfor i in rangel XD X H2 %, brhHLILT5
JeDIZFlh L7z, KA 54T7HICS 31THD for LR UM DXy X EFHR L TH 205, FIHkR
BHIC X%,

Python &4 7 ¥ FRFFHLE N LWVWHIRLHD, EZFEDBZDLHWKKL B, ZNEDPLTDH
HEITNL, DATEROZVIAX Y MELDRT S LICED, 70l 7 a%5HART LTS,
Fortran T!Z Do X & End Do X, Basic Tl For X & Next XZ[F UMNICEA L, ZDOEIZFRIFL
TR ZEZATRHARTZ LT, 7077 L20ARPTVWEIRCTRTSI2HE, LrL, T



J.6 Python 7127 1 DEEE (BHEH) 211

7 elif j ctep_max ¥ 4 == 1.1

23 fn0="0 % Sln(DN

24 elif | step max % 4 == 2:.

2h fn_0 = -1 ¥ cos(ON

26 elif j step max % 4 == 3:.

77 fn0="10 ¥ =in(0]e

23 else: L

24 continuel

304 end it |_step_maxl)

31 CoOs_x = cos_ X ¥l

32 +1/Ka|10\*fn0*xnjo¢

33 print(j step max, FEEDE ', Kaijo i)l
34 prlnt(J “step_max, |3 %@1_;4( 1/ Kaijo i)l
35 print( BEED", ] _step_max, [@ior (017, fn 074
361 print(’x mo =4 ¥ nioll

37 print(‘co =, oos %)L

38 print(’ math cos[x) =", math.cos(x_rad))l
39 end for | step | max {1 step max JL—TFO#ED UL
40 print(’sTEHMT

41 print( math. cos(x rad) =", math.cos(x_rad))l
42 print(‘cos x recip =", 1/ cos x)l

43 print('1 / math.cos(x) = ", 1 / math.cos(x_rad))l
4414 next n_step F X —IL—F DL

45|[EOF]

J18 ~Zr7u—VUYEBHICX 3 cos(z) DR TR Z T 4 (1F)

= avyk JoyFk

[1 ] C:\Users\okits>pip install numpy
f LoLlecting numpy
Obtaining dependency information for numpy from https://files.pythor
hosted.org/packages/32/95/968d0caa®51beaelf7c77652dbbeb781e7b717304L0¢
5c5fcaeddd3ed@8f/numpy-1.26.1-cp312-cp312-win_amd6l.whl.metadata
Downloading numpy-1.26.1-cp312-cp312-win_amd64.whl.metadata (61 kB)

eta
[2] Downloading numpy-1.26.1-cp312-cp312-win_amdé4.whl (15.5 MB)

Installing collected packages: numpy
Successfully installed numpy-1.26.1

[ 1 A new release of pip is available:
[ ] To update, run:

C:\Users\okits>

J.19  Tpip install numpy [Enter]) £ AJJL, NumPy #&v>m—F, f X b=l

NETORLTH, FEEKITIZZ 5\, Python 1, 7R I~—1c4 7> heiild sz i
b, AHEEOENT 0TS ALPETRVESICLTWS, Zhd, Python BZL Da—¥F—%#
BLTERLMROVDEDTH 2,

J.6.4 FRAXRDHE
0641 514 7=yYDOrR

/4 (m BHEER) X, RO LS REREBETRINL Ze s TnS

™ 1 1 1 1
=l 1
4 5 5 T (J.1)

0642 EEME

LB ERCTHER «» DEERDTAHL S,

WEZ, 10,000 EHEE O T X L A SAEISGESOWTW L, ZOMBEICE LT, 7RIz
T RN RBWEEE L,
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064.3 EEME
1000 ¥ TOREZ KD TAL S, 1000 ATDHARBOHFUTEBDI WL 2HZ725 5
J.6.5 =ZABEBOHE
651 vv0-—U > ER
5B §B3 W L7e & 91T, MIREM ATREZZBIRL f(2) 13, XD XS ic~vrm—V VEMEh 5,

o £(n)((
:Zf (0)

p x". (J.2)

()

n=0

fO ()%, f(z) D nBEBITH 2,
06H.2 cos(z) DETE

MITG1E, ~278v—Y YEICKD cos(n/3) ZtHT 2B, a~ Y FU 4 ¥ FYIKRREINSH
HTH5, KIID (Ai) e KIB (8F) &, sHE 07740V —Xa—RFThsb,

X 13, IIR 12X, Python I2& 37777 I Y JICRERBLDZL PEEFNTVWEDT, LIRIC
b3 2,

MO 117, Tmath) EWS 7477V —2MW2Ze2EFZL TS, ZHUTED, 2, 317
HD math.pi) (FIEZ 7) %, KO8 38, 41, 431TH® math.cos() ) (Rik%z 5 2 %) 2# 2
X517 %,

X T2 2,3 fTHT, x_rad & x_deg A%, 7/3(=60°) L ERIN T3, 4, 5THT, ZHLHDfH
2T 5,

MIT261THE 1117TH®D [for i in range(imin, imax+1, istep)) DFEITLD, S VT~
b (R 4 XCF) SN RO a~ Y F%, imin~imax O#HIPAT, 1 OfE% istep M B2
55173 %, imin=0 D ¥ X imin OFLANEIET X, istep=1 D& X istep DlAVEMTE 2, &
DX D SRR THEITEh 2 a~<w Y NE, B34 V7Y eI Talh T 2 0803 H D, AlkT 5L
I b, ATV MONBEDRILa~ Y R, it LzEICSEfTEN S, 1617THD # next)|
X, AXYIXTHD, FITINBWD, TuTIL5x2H5iARLT T 5729, next & for LILIHF
ZREICHICL TR L TH 5,

KOII217fTH2ORIIR291THETO if elif else O, 12,13, 14f7HER U
W, ATV PERTWARITIUIR SR,

201THD S 26 fTHD elif ®H L IZFiRE N7z j_step_max % 41, j_step_max % 4 CTHDHEL
TEZORRTHS, HBBE, XKBI pA] 600280, cosz D n BT, ndd4OREMT
BRS 270, Mooz 4 ORRTHAEDTTLTWEDTH 5,

281THD else DN, 291TH®D continue & MAd LWV WS a~vy RThb,

301 TH®D T# end if j_step_max| ¥, FITEINRVIAX Y FXIED, 0T T L%iHART <
T 27D LTH 5,

BSLITHREDZEADRIEABL TH 2 '\ &, RBRDITAHL T 2RLTWS, Thbb, 31,
3217HIF, 170X TH 5,

40-43 fTH®D print () da~<> Fi&, 11{TH®D for B X next & SLHEXFELF UHISR T 1374k
53, ZONL—TORTRIZETINSG,

A, 5 44 fTHD T# next n_step] XA XY bXTHD, EfFdhhwv, £/, 6 THD
[for n_step in range(1,2)] E—EL2ETINR WV, LhoT, ZAIEDHoTHRITD
b, 7ar 7 songhon by, fK, x_rad 2ZLIEZL—T%285F25BEHAT,
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| JIVE FOYTh - python X + v

C:\Users\okits>python
Python 3.12.0 (tags/v3.12.0:0fbl8b®, Oct 2 2023, 13:03:39) [MSC v.193
5 64 bit (AMD64)] on win32

Type "help", "copyright”, "credits" or "license" for more information.
>>> import numpy as np

J.20  Timport numpy [Enter]] € ANL T T —X vt —IAMHRW T L ZHER

[0 I} I}

TR SRV DAL RG] 2 YA R N

# This code solves AMatrix * XVector = B¥ector TH(1)1L
import rumpy as np # NumPyzrp & LW DERITEDI x5S
13 % 3ATHICEE AL _
Aatrix = [[-2, 1, 47, # ARMatrixdD11TEL
[ 1, , -3, t ARMatrix@2iTE

[ B S -1 # ARMatrixdD3iTE L
§ s FJbBVector[JE&’{t)u
print(’ EL1T§‘J®E}Z . AMatrix) )
Bector = [12, ]
print(’ Ejﬂ/\i MI/@BZ , BVector)i
LIRillase; FJbXVector[LF?i_'C( JDEEZ AL
®Wector = np.linalg. So\ve(AMatrlx BVector) L
print(’LUSEEZ & 25 TesVDEEIL . XVector) ff BT AFETLDERMectorl
MMatrixny = rp. |inalg. inviAMatr %) $ AMatrixDIFITHDETEL
Wectordegain = np.dot (AMatrixIny, B¥ector) { AMatrixIny * BVector DETEL
F[)EE]E%( WATHC L AAEETNOREE . KYectorhAgainly

CO =) T O CORD — OO0 Q0 ) O O b SO D

X J.21 3708 1 RAEBRROMBEZER-0070 754, HEREDIAA Y F X2 ZADITT
H3H, MO RLEESIZ, 77400y a— RFHRICEELTHET S

R L TH B,

~zn—Y YEHOR (I2) @, 1/a!, f™(0), 2" OE%ZZHEHN, 1/Kaijo_i, fn_0, x_njo I
RAL, Z0fE% 31, 324THT cos_x KMATWL 22Tk, ¥ RX=>a YEiHEL TV,
06H.3 BEMRE

KOIT2, TIR R LTI 62 BEI LT, ¥4 e R0y v eitBET23 70770 %2k
TAHLI,

J6.6 1475 )—0FA

§IDICEliR L7z & 518, Python i2lX, IEWICZSDIA 77V —EfHxhTED, EATHXY v
O—RLTHS N TES, ZNORFIHTAZE T, &ER v T 22 Ica— RT3
ZEMTES,

I66.1 NumPy 4o >O—RE&A VA=)

v b =2 WZEF I Windows XY aryopavwy Ry 7 TR (1] k5
lpip install numpy| € AN T2, KT [2] DX vt —IPEBRRINLD L, BiEFE
7477 Y— NumPyJ 28&v>ua—F, f YA r—=LEN3, [1] ® & 512 Windows a2 < >~
R4 Y Ru»s Ipython) ¥ ANNLTA VX F 275 47— RK%ZiH L, Nimport numpy [Enter]]
EANL LT =Ry =U2HRTUX, NumPy DA VX b —=LEEI L TW5,

NumPy &, FEFICZL @F;EJ%&#% ENFBEHESA 75V —TdHD, Python D74 751 —
DOFTHRME Vo THIBETIERL,
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1 2wk Fov7s

C:\2023\PythonFolder_2023_10_31_001>python 2023_10_31_001_NumpyTest.py
Edgi o [[-2, 1, 41, [1, 3, -31, [5, 1, -1]]

FARNT b ORSE [12, -2, 4]

LWARICES2AFRAOEEEF [1. 2. 3.]

BENCLdARAOREE [1. 2. 3.]

€:\2023\PythonFolder_2023_10_31_601>]

X J.22 RIZDD7Fuar S5 s0ETHHER

1 10, L [e0 1 [z 1 l40 1 [50 1 [e0 [Fin
1}@%@@%@%%*@57D93A¢
24 This code solves MMatrix ¥ XVector = BVector TH(1)4
3|import numpy as np # HumPyZFnp s W DB TEI_EFFTS
44 72 x 2 ATRIICERAL . B
bl&Matrix = mp.array([[ 2, 2], ¥ AMatrix@1iTHL
g : [ 1, 2]] 1 AMatrixDZiTHL

1

Slprint (" AITR DA (E T, AMatrix)l
9|Eigen = rmp. linalg.eig(AMatrix) # Eigenid, BBE/TEET FILEL
10 BT a2 FIL
14 BREOESHLL B
12|print("E5(Bid*¥n ", Eigen[0]) ¥ {TRIDEEEL
13| BEAY FILOBEHLL B
%g Eég%('@ﬁ/\'? FILidEn”, Eigen[1]) 4 ATRIOEFE~Y FLG

J.23 THIOBEEHEEEERS P 2RDD T T A

T avvE Fov7k

C:\2023\PythonFolder_2023_11_01_601>python 2023_11_01_002_NumpyEig.py
E0 75 0k5 E [[2 2]
[1 3]]
@ #H fE (&
[1. 4.]
E=IANE/ | TS
[[-©.89442719 -0.70710678]
[ ©.4472136 -0.70710678]]

C:\2023\PythonFolder_2623_11_01_601>

XJ24 NITToFurs LADETHER

I66.2 NumPy IC& B FEIL—XRAEXDEZRDZTOT T L
HoE, X () p&3) L TNICHET %,

-2 1 4 1 12
1 3 -3 w | = -2 |. (1.3)
) 1 -1 T3 4
Y ZADOHEFBE TR X (I3) ok, UF0@ED TH 3,
I :1,1‘2:2,$3:3. (J4>

NIZDo7uaz7 sk, R (E3) 0% NumPy Ik > CFHEL, K2 OfEREHNI LTV,
X 020 3 17H limport numpy as npJ i, NumPy W2 Z 2 ESLTED, 7ur/7 .08
FHICWVHAT D %,

*3 %5 M % §raa B
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IvyF FOu7k

[ ] ] C:\Users\okits>pip install matplotlib
Cottecting matplotlit
Obtaining dependency information for matplotlib from https://files.pythonhoste
e3ddcld6b3891715af669eafadd2c2udel26d3bb6/matplotlib-3.8.1-cp312-cp312-win_amd6y

Downloading Pillow-18.1.8-cp312-cp312-win_amd6u4.whl (2.6 MB)

eta
Downloading pyparsing-3.1.1-py3-none-any.whl (183 kB)

eta

Installing collected packages: six, pyparsing, pillow, packaging, kiwisolver, for
til, matplotlib
Successfully installed contourpy-1.1.1 cycler-8.12.1 fonttools-4.43.1 kiwisolver-
illow-10.1.8 pyparsing-3.1.1 python-dateutil-2.8.2 six-1.16.8

[ 1 A new release of pip is available: ->
] To update, run:

ers\okits>python
+12.8-Ltags/v3.12.0:0fb18be, Oct 2 2023, 13:03:39) [MSC v.1935 64 bit (4

", "copvright", "credits" or "license" for more information

>>> import matplotlib
474

J.25 MatPlotLib ¥ 2—1DXYa—Fe L VX F—JL

5~ TATHIZ, Z8 AMatrix 12, 3 x 3fTHIOMTOMEEZRALTWS, ¥/, 91THIZ, NZ b
DETIMEZRAL TV, ZORBRDMLAIE, NumPy iIZBWTITHIOERZ Gl T 3 K L
MRoTWb, XI2ZD 11 fTHDA np.linalg.solve(A, b) BIX, Ax =b TRINZH 1 X
FHREROME x % LU AT E LR T TH 5, (EMICIE TXY v R TH3), 13fTHOEL
np.linalg.inv(A)J I¥1751 A DWITHIR R TR TH 2, 14 THOA A np.dot (a, b) i, 174l a
L1751 o ORER TR TH 2, WATHNC & 251K, LU 2L X D & 5HREREDGE  HERR X huguw,

J.7 Python 7OY 3 LDORIR (IFHR)

171 T30 0HE
IZ1.1 MatPlotLib EZ a—ILOAU>O—REA>Y A =)L

75 7 DWIZIE, 54 75U —DHdD MatPlotLib €Y 2 — 20— F LARITHUER 570, &
ETEA VAP —LEINTORVDT, XA —RKLTA YA M—ILTIRERD S,

Ty P =218 L7z Windows 2y Pa—&X—0avy FFXar 7 reib B, KI2ZE (1] ©
£ 9512 Tpip install matpltlib) & &4 FF2¢, KIXI 2] DLIITRA v E—IDBRREN, 20
MEETX Y a— K, f YA M—=IDBETT 5,

MI2H 3] D&51Z, av¥ FFrY 7 T python £ AJJLT Python DA ¥ X577 4 7E—F
Ziab B, KOIZE [4] ® X512 Timport matpltlib] EANLT, T7—X vt —IRRRIN
I, 4 YA M= ERIIL TV 3,

Ir1m2vy—X3d—F

M 076 1%, Bz 227 71c7my b330 7500V —2a—RFTH 5,

2 ~ 44THTIE, BEFHHEEY 2 —)L math, numpy, matplotlib.myplot Zffi5 Z & ZEHF LT
W3, £72, numpy DEIEH % np, matplotlib.myplot DEMEE % plt Litib 3 2H AL XN T
Wa,

5~ 61THTIE, Xdeg & Ysin DEVNER BN T 270D AN THS VA THZZHE
EENhTV3, EELLERIE, VAMOFIIZE (H7) TH D,

*4 linalg 1% Linear Algebra($#1%0) OIS TH 3
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[0 | [60 1] | [ra |
R E T TS TS S IT
2 |import math! B _
3|import rumpy as np § MumPyZrp & WVIRRTHES L2 ESE
4|import matplotlib.pyplot as plt  # MatPlotlib&plt & DRBRITEDI- SEFS
blkdeg = [] # dradld, BRI R H'(d%%l FETE
Bl¥sin = [] # Ysm(;t BRI THE_LETEL
7|for ¥degvalue in range(0, 361, 10): i in range(\mm, imax, istep)DEFREL
8 Kradvalue = Xdegvalue /180 * math. pi ¥ Nradvalueld 527700
g Kdeg.append(Xdegvalue) )2 RiradOEER Ziradvalue 8000
10 Ysinvalue = math.sin(Xradvalue) #t XradvaluedD Fa% 7 STEL
11 Ysin.append(Ysinvalue] # )2 FiradOREE Chradva lue T 3100
12 next i i in range)l— DT A RID)L
13|t plt.plot(¥rad, Ysin) i
14[plt.plot(¥deg, Ysin) # Hdeg-Vsinh ¥ 2 7 idEH
15lplt.titlel sin curve’) e e Rl et | Hb’&ﬁﬁ%ﬂ
16|plt.xlabel {'x") i T rxj DHZILET S
17|plt vlabel i sin %) #yvelZ Tsin x) OSAULEHTSL
18|11 plt.grid(True) # 2 Uy FIEIR)EFRT
19|plt.show() # S FEETLIEERIIT AL
200[ECF]
J26 2757%7my 5570 r760Y—-2a—F
-‘f§;- Figure 1 = [m} x
sin curve
1.00 A
0.75 4
0.50 1
0.25 1
x
£ 0.00-
—0.25 A
—0.50 A
—0.75 A
—1.00 A
ll) 5I0 160 lfIJO 2[‘)0 25‘30 360 35;0
$ Q=

X J27 Jurzoricihrav vIhizro7

7~ 121THTIE, i in rage(imin. imax+1l, istep) WX DT, Xdeg & Ysin DIRIZ, append ()
DAYy FZitidL, Zhs oo () Miciidh S 7z fEZEM (append) L T®W <, Xradvalue
¥ Ysinvalue I&, #F OEIELETH %,

15 4THTIX, Xdeg & Ysin OV X M OHOREZ Hlh e ftiioEe Lo 72 ay M35,
15~ 174THTI, 72 7D%4 Fb, x@DOZ~UL, yEIDZ )Ly LT, sin curve, x, sin x,
OXFEMNT L RZEEL T2,

18 fTH T plt.grid(True) ZHIMICT 2 & 77 7 ICHES 54, 194THT plt.show() Db
W&, 77 7HE‘RD, ThZHELROVRENZRINTVS,

713 J'57DRER

= i3, DTV T NIEVMBEENT T T THE, ERCHEZNWLDDPDREDY

Vo Zi2&h, 77 70VTRE), IR, REOHME, HEBT 7 4 VITRFRE DIMENTZ 5,
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FE K
X IR AFWEER (ZKE

i.‘.%

K1l EHhFEREXFEAOER

TRV U, BRIGEWKERTTO X MRS OIR 2 #0138 )70 BT 8 (8122 E) 1<
Ko TahENn b, 1914 Fi2lE, X—v 1 YITX - T [22,23] 1917 i, =L Mgk o T 8], &
o ¥R EH SN, 1931 4F, v xiE, T UL OBH¥MEIC T 0 v ROEE [24) %
HLT, XD &S B amiA 28t Lk 2],

ki2 . K2
B2 D =Y v [Pk (K1)
J

]{:'2

ki 3, RO 7Ty R EHKT 5 i BEHOBOEEAY ML, K&, A5 X SOR (E A 0
W), D, i BEHOWDRIENZ ML, i _n, &, BHTRZ Bl by —hy KBS 5, BT
RO 7=V ZFH, [Dj)ix &, D; D, ki AFNCEELRRI T ML THS, 70y ROEM 4] &
&, RO XS BRI AET VY v b (X MOEEIRE TEE) OPISHEET 30, ki = ko + h;
DUEAZ P AEEOWDE L HDbETIRING, LWVSbDTH2, hy 13, HoH,, Ho IZiHsT
JRm, H; 1&i FHOWFRTH %,

FORIC Ky & K QYR ER LTS 3 L RORDE SN B,

(ki — K)(ki + K) o 2(ki — K)

s D, =~ D, (K.2a)
= Z Xhi—h; [ D] 11 (K.2b)

J

(K2d)=(K=2H) &b
1

(ki — K)D; = EKZXhi—hj [Dj]1x;- (K.3)

J

K2 ZRAEUOER (TERDEd, T/VL M50 TEH)

K (ED) 12 n HOWATRN NS n B A LT, M#HZEHT 2 2 L ATRET, R, HH
ENTW3 [B-0,05], ZOBETIE, ZHOELZEM LA HoMHA% E-LBHE LT, MOkS
3%,
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fn

—

Ho &l MK.2 B0l (2 0%l),
K.1 Z2RNCIERI L 72 080, 78 v R OB JEHT T 2 s P O LT LRI AU
N7 R EAIE, B—L ¥V Lo TRET 2 EUNHE LRV D, AANDIEAIDE»N S,
M P1F BXU PG 2ENERKR Y 3 2 Witk Lz idh THROL, FEOERT, FENZ PO
BReRV, Py EICH2 P, P %iE 2 Wi RO RS DF LWL

X, o @ty TR 298METH 3

K21 SEmEoEH
X (K3R) 1T, 4,5 € {0,1} DEFZI AN § 28 (ZPoEl) Z@EH LT, XROKXzlF 5,

(ko — K)Dy = %K XoDo + X-n, D1l 1xes (K .4a)
(ky — K)D, = %K X Do + xoD1] 1k, - (K.4b)
X, Pk ZRDESITERT %,
k= (1 + ;XO) K, (K .5a)
K= (1 - ;X()) k. (K.5b)

X (E33) 2> 63X (KBH) OZEFITE, xo DED ~ 107 BEO/NIRETHD, yo <1 THZZL
ZEELTVWS, $2bb, R (K5d) O (1 — xo/2) M2, ~ 1078 BEOKET, R
(K5d) & (K5H) 135 Ttd 5, X (KHE) 2R (KQ) 1ITRATZZ LT o DEHEHETE, XORX
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2135,
1
€0D0 - 7KX—h1 [Dl]Lk()) (KG&)
1
&D) = EKXhl Do) 1 x, - (K.6Db)
ZZT, o=ko—k, &=k —kTH53, &, & KX, ULTFDREAT, RECREEZRIBATESR
BIZOWT 22123 h, ZZTREEDTRV, £, 70 v RKEDIRIEXZ bLERD X SICRH
5 —DIREICERT 3,
Dy = D) + D76l (K.7a)
D, =D\7e!?) + DMel™. (K.7b)

DY) D, DI D3, o 1R r KT L ICAS S —IEB SR, TRy REORIETH 3,
el e{™, &', el™ ixHifizNz F LT, MER (¢) *MED (c) KRTEBDTHS, LD
R BVTE, FHRRERXIT 270, | (1€ {o,7)) ORATEAECHIZ LIk b FRT
3, ®MEI T, K%Xﬁ@&@«ﬁbw@%ﬁPO#BFéthﬁgﬁﬁt BE DS (&4 R
4vtrrxhz) g, PY e pl oksic, oty nEHLT, zhzh2o55, %7,
eV =k —k, €9 =k —kTH B, oL 7 FHRICHLT, ZRZAURERET CO %, €@ =1
B CM =cos20p LiEL v, X (KD) %, oty rm WO NTERZAMIIZ, RD XS
A TE B,

1
0Dy = 5 KCUx_n, D}, (K.8a)
1
&' = 5 KCUx, Dy, (K.8b)
0 KOOy, P 0 .
_ 1 goW® 0] Dm A (K.9)
P Xh1 1

Etox (&3) 28 (DY, DT = (0,0)T LiStofRERoIIE, & (KT) £LOITH0ITHRSE e T3
FHUEk ok, Lo T

1)~ 2
5(())5() KQC(Z) Xhy X—h, - (K.lO)

)&, 7 ay REDPIAND MIVIARD T TR EEMENT, e Xidh s,

Fozt (K0

K&, JiHZzRLTWs, Lo(B—L YY) &, ¥EFEA H) BXOEHETFRH 22560
FEEEDS, WIND kE DORTDH %, i, XEDOER PLF, PG ZHuhii & 3 2 WHER Tl X

M3,

K (K22)-(K3) o DY &0 DI 1% exp[—i2m(k{ - ﬂﬁi@@m}ﬁﬂwn-ﬂ®&%ﬁﬁ?5
FIETH 5, k) v kD&, 7a o REOBEANZ FL, 11, SRNOMERZ FLTH B, R

5 XMOWINEERT 2, 78 v REOHRNRT M VICBEERZ R85 Z eI X DERZITI.
FEm D NA ZERAR 7 FLOFANZ, 78y REDOFEBRT PV OEEEZ L 2 D120, ZoRh )
i3, ERSEHICRoTLE S, ThM Lo, T2 TREKT 3,
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K22 AStX#RICEDEEINZTOYERK
TOvREDRBNRI ML

X K2 (b) 1, RECHEITT 2 FHKEOKTH 2, KK (a) ¥ K2 (c) 1&, RMEICAHT 2O
BHEOHEAIART Pley &, FHED FNOWIPMERET 2HMOHMRT bl ey ZRLTWS, iz,
e, L e, ¥ AEDOEMED, BLXUOTAIEOHMARY ML THD, REICAHFHT 2B XL, RED
TEEET 2O 2 P, ko =eg/Ao BEY, ky =e /N THD, EHEH (EBE~Z bL
DEX)IE, kg=1/ X B&LY, k1 =1/\ TH2, KKZ (b) D N\, DHEH S,

A, = 20 (K.11a)
S1n &
- (K.11b)
sin o
R (K1) & X (KIIH) O DD o,
ko sinag = ky sin . (K.12)

R (ED) &, KIKH (a), K2 (c) 2252, REDLFOEBRZ bLiX, e, HADKD
DELWZ DD 5,

K ED T, v—L>¥YmLo® kI, LadRENTW3, AD EWiHE 7 Hy 2> 5 O kD
K(=1/)), BCE#tE TR H 25 DHMN K D74 2 Th b, A XBROBFEEART b L OIEED
AD ED Py icdh dHE, ZIZ00 NAIEERNZ MLEOMETE, ZOT74 ¥ FICHEBARY FLihis
DB BPNE, WOERDSEME (AFNVDIER]) 2T LIlR 2, LedioT, 78 v REOHEBAN
7 barotttin, P PY (o k) Bxer, P, P (r ) o7 m v Rils, &R h

52875,
70y REDIRIEL
7oy xiEoiEEL DY /DY g, chsR (KT) offTh s b, RDES RSN,

l 1
Dy _ KO, (K.13a)
l l :
p0 0
0
SRS | S— (K.13b)
- KCWxy,

SY T —ADBEDEREM

M ED B LK K&, B, Mmoo X SEANE IRNOE» ST 27— (v s —
) ZRLTWS, (a) ORNFHZERNIZ, (b) OMIEFEZEMIC, LA DTH S, (a) DMT, Py
i, ASHEOBEAZ broths, PY IR, SEF0 R € {01} @78 v REDERAZ F L)
METH 5, KO X HAGHHIREIC BT 3 HEOBF DRI (R 3L 0kl K K2 21E) 26, P
1%, Po 2o D NAZIERNRT MLEBA LALEIZRITIUIRR 520,
SYTT—ADBE0ERS & VRS X SOREDNHE

MED o PY (1€ {o,n)}) s nk70yxoREE DY PY), DL @), P @?),
DYPYY ¥ L, La 0t FITR LA Py RIEEAZ bLOME L T 5 | FHo AsHEORIEE D v
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Incident
X-rays

Refracted Reflected Refracted Reflected
X-rays (b) Xerays (©) X-rays (b)  Xerays ©)
MK3 Jvxis—2 MK4 777v7r—2X

T2, ROXDWED LT HUITR 5780,

D"y + PPy =D, (K.14a)

PPy + V(PP =o. (K.14b)
M KD o5 #m o AER (KI0) LG50 RS iEioR 2@y S 0RE, 7oy sEoRELE S
257 (K13) 5, DY PY), i@l p@W), DW(PM) ke 20, HEHNE OB
HEHHOMD PN TH B, HEHETOB RIS X CEHFEORE, D (exit) B XU DY (exit) 13,
RORIZE->TRDEN S,
D((]l)(e:cit)
= D(P{) exp[—i2ne® (PV) T.]
+ D (PP exp[—i2ne® (P T, (K.15a)
D(l)(exz’t)
= D (PY") exp[—i2me ) (P") 1]
+ DV (P exp[—i2re® (PY) T). (K.15b)
Lok (KT8) KBWT, Oy & 0, 1%, Mo RSy X $508H105 & RO BB A0 7T
E T, 3EROEXTH 3,
T2y Ir5r—ADZEDE RS S UR X ROIRIBDOFHE
TSy I —AERLEON, REKA TH5. (a) 2RI, (b) EEEMIHVEZDDTH 3,
(¢) IKHIWTH 2 DI, MHMOBMAZ ML TH B, HETICEET 2 78 v RE, X#HAH L
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2O RIS T 2. ZOBEOEREMIZOWTIE, [RXOBEE X $IconTid, X ALt
T 3T, FIEOMAS DY | EIFT 2 X flconTld, Z0OEET, KOREORIE 0 TH2 L

mnc’

SEREMEEGZB IR D, CNERTETLRD XS 1245,
Dy (P{") + D (PY) = D)., (K.16a)
DY (P explizre® (PP) T.] + DY (P explizre® (PP T,] = 0. (K.16b)
Loy R (KI8) 2o, DV(PY), D@D 2k, o HETTIC BT 2581 OIRIE
DY (exit) ¥ AHBIOME BT 3 KEHEOMRIE D (exit) %, XD X 51k 5.,

D(()l)(em't)

=D (P{) explizre® (") T2]

+ D (P explizre® (PP) 7o), (K.17a)
DY (ezit) = DV (PY) + DIV (PY). (K.17b)

K3 EGEEREL LToRE (12 21— 4 —Tl< - L &SR L)

K3.1 E&EMREDEH
X (E33) #LUNICHET %,

1
(kﬁl — K)Dz = 7[( Z Xhi—h; [‘Dj]LKi- (K.18)
J

D, D; %% (K7) % 51225 5 — ORIECER L, % (KI8) 1o Wi b2 @i+ 5. ek
(L€ {o,n)) SLICHEEL, vo DEENERTICESMT L, RO X510k 2.
(k) — K)Df) = %KXOD(()” T %KCU)X—hIDEl)a (K.19a)

1 1
(! = KDY = SKCOx, DY + 5K xoDy. (K.19b)

l l l l
MERBIOREAT, k) — K =s0-PVLa, k) ~ K =5, - PVLa TH 2zt 2 BB L CEHT
3,

l l
kY — K =sy-P{La (K.20a)
-

=s0-PYPy + 50 - PoLa (K.20b)
— 5o £0n, (K.20¢)
= ¢0 cos Oy, (K.20d)

l l
D - K =s; - P{La (K.21a)

—

=5, PPy +s - Pola (K.21b)
=81 -§(l)nz + 87 - Kﬁe((fr) (K.21c)

=¢Wcos©) — KfBsin20p. (K.21d)
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¢On, 13, 70y REOEMARY MAIAE Y, ASROBEARZ UREEHERIRZ PLTH S (M
K3 (a), K4 (a) 228), ¢V 13, ol n @l Tzhzn 20T D, 4 DFHET 2, O &
O, 1%, n, sy RV LIEs; DARTHETH S, (RED (), KA (c) #58]), UF, PP icovto
BadF 555, PY conT b ATH 5.

X (ET9) iz, R (K20d) ¥ (KZId) 2RALTRORETS 3,

¢ cos 0 DY = 21( oD + Kc<l> X—n, D\, (K.22a)

1
(5@ cos O + K Bsin 293) P = 7Kc<”><h12}gl) + 5 KDY, (K.22b)

X (K223) 12 1/ cos O¢ &, R (KZZH) 12 1/cosO1 &, »F5ZLICEDRDAEE 2,

) O]
ail  a12 Do _ ¢ Do
< 421 a2 > ( Dy) > =& Dgz) : (K.23)

TZTapg (pge{l,2}) &

ay1 = 25?0@0, (K.24a)
ayo = %, (K.24D)
S o
a2 = 2525091- (K.24d)

K (E23), (K23) 13, EHE O, BE~z b (DF, DT o, /a7 bLiEEe
ED72 5720,
K32 HTIL—FF4TF)—=IZ2WT

ARHEFR DR D DFLRIT U72D3 5 T Intel oneAPI Base Toolkit & Intel oneAPT HPC Toolkit % A
YA +F—nF 5%, Intel Fortran &, BLAS(Basic Linear Algebra Subprograms) & LAPACK(Linear
Algebra PACKage) %% L7z Intel MKL 22 2% X 5124 %, LAPACK K&¥Nh 50 7L —F
ZGEEV %25 Zrick b, X (K23), (K2) oEFHEMEZE 2B TE %, BLAS & LAPACK
X TAEOEE] 3 FLN2 I CTHEOE WY IN—F 534771 —Tdb b, A (KZd) i2iX, K
K3, KA IZRL7= B OENREGEEHR, ThEZLIETZGEEV 2ET322812&kD, 7o v KRED
IRIE (EA~X2 b)) LFEAE (D) 2RD2 e TES, BHBLEGERZ UL, o @t © W
KK LT, ZRZzn 2D D, HRKMD» 5 ZDEEHZRD T, FE#iRIE L FHrRIEZFHHE T 5,
K33 SUI7—ADZEDERS L UVRS X RORIBDHE
IR

X (K23), (K2) 2NT, REK3 TRT IV —XTOMEFR2121%, £3, RO X5 IHR

FHr52 %,
a1 D (P + a,DP (PP = DY) | (K.25a)

a1 DY PV + 0DV (PP = 0. (K.25b)
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zzc, PV, PP, MED CRT X512, S L SHO RS EROLATH B, Flxs b
D @M, DO @EOT, P PPy, DV P i, R (KZ3) oEERZ b LTRD SRS
0y REOIRIE, a1, axlE, TALOREHTH S, T2, chbIET sEEMHE, ¢O@PD),
cOPM) tH 3,

SYIH—ZADEBE L URS X BORIEDHE

R (EZ5) O HFRRERNT, a1, as 25RD BN 5, BB X OEHF 2 X HoiEE D (exit)
v DY (exit) 13, RDX S kDB NB,

D(()l)(em't)

= a1 PP (PP exp (—i27r§(l)(P(ll))TZ>

+ asDP (PP exp (—i27r§(l)(P(2[))TZ> , (K.262)
Dgl)(exit)

= D (P") exp (—i2me® ()T )

+ as DD (PP exp (—izwgm (pg”m) . (K.26b)

K34 75v05—208a0586&URE X SOREDHE
BEREM

MEADT Sy 77 —2ATE, BBRICHLTE, X EAHMoXRET, &EDY 52, KEMK
WXL T, MO RERTEASM, RiEg '¥tay 25225282k 5, TRDb,

a D (PP + a,DP (PP = DI (K.27a)
ang) (Pgl)) exp[127T§(l) (P(zl))TZ]
+ a; DV (P explizre @ (PY)T,] = 0. (K.27Db)

FoX (KZ7E) ¢ (K270) Z# . X8 T ay, ag ZRKDLHr, ZHeXOR (K2R) IRAL Tz
kb2,
759 r—20FEBE L UVRE X RORIBOHE

72y 7 — AT, HEBICEL T, MSEETRIENE SN2 0 LT, FHEICBEL T
fidmD X RASHH L [ CH T ORITRIES KD b b Z L2k b, T4bb

Dél)(e:cit)
aﬂDél) (Pgl)) exp (—12775(” (Pgl))Tz>
+ asDP (PP exp (—izwg(”(Pg))Tz> , (K.28a)
DY (exit) = ay DV (P + an DV (PI). (K.28b)

At X oEEE D) rBOTWEDT, o BHEY, RVLIE, TR, O X EHSASLE
v &, R (E20) v LIER (K28) ©H 5 h 2 RIEOHED 2 53, X BOBERL N LI H%
5223z,

K35 EERrtEOLE

X EKH &, B 14pm, 21um, 30pum OV aVERD 75 v 77—, 42 2 EFfHEICOWTES
Nz, PEROFHIC X 2 3HERE (L), EEMMERR 2 212k VBN EE (hE), £k
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dOoX

Intensity of Bragg-reflected X-rays
weqoxd aneAus3Iy

JuewWLIDdX ]

M K5 W77y rr—2, KEFER 26) LEtERHROIE, BaftXh, SECF T bahs,
B Ko # (1.5418A, 8.041 keV) 2 Adt, >V a> 422 ORERELREH, 75 v 2 44.06%,
75w ZAH 45° 1ITEL, T RHEDRNERETH 3.280 x 1072 ¥, NEARETH 2729, o fLD
AEBERLTWS, At X o Bifticid, RCERORMZHWEE/ 7o X=X —3a ) X —
& (] HEBEIITED, R0 X MREHREE, MHLS 2130 x0n

X DRSNS ARG (2 Y F 2 2 h—7) [20] TH2, Ry F¥TH—T O, EHOESD
RENEIAZ SICIERICRW—BD A LN D, F7z, AEIAEL, fHFHO RAEEROLR (X4 KLV H)
2R, 2B RIRELEZE T 2EROFRL, BEHBEMEL R HIED, TRCFEMTH S 2
Ehh b,
K3.6 #h¥iEsmzEREREL LTRET3EH

Zi (n € —2) BIMEITERR IO W TIE, I EEAERE L GRS 258601, W 2ohd -
7o 60,2830, 2L 7 [PR] 13 1974 F, LEMREAEMEZENL, YTV —F 7475V —
THWTZIZ@E, EBREReEBLTWS, LarLl, ZRF—ZAD TNV b5 v B 1 H G
(BE-L 50 2 EHMEEEE Ul L2flE, EEORIZRD v, N Er — AP EGHEBEL LT
I B Ll n=2D5Ed, YRBEREMEL LTHO»Z2EFETHS, T L MO [3,4],
ZU IO 2] DWITIUCD, FEHEE (eigenvalue) ¥\ 5 HEEN R Y 5k, £z, BIIEHEIC
DVWTRIR L7 EHREE RBIB3 ICHHOF 2 2 TERY, A —7 1 TOFE [R] IZHKRIR
RS, BREMFRPTRBILSFHEEATWS, X BRENNFEROARETH 2, 500 R —ILIEDH
% ZOFENE, OB EHEERICE T 2, F ACHENICEIHI R TWS, LHL, nik
r— 2L TR, MHEBEE LT, DI 24 R-JOLBDBDHZDATH S, [EHHE (eigenvalue)
EWVWSHEEDL R, ZIKOME L SOOI, KRERELDXH D, EHMHELEEE WS BER
HEINTREDL 272D TH 5,

EEMEE WS FEEFDTHOWEZDIE, AL ET, 1904 FEDZ 2 TH -7 [34,85), [EHHERHHE
X, SH, RENZEOMEMREFETESR, T oULN, YT Vo XRETWHEOEANBD, b
AL DT FLR IV 0hb 63, Ho0HmAEEEMEYL L TidhEh s Z eickiohi
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MPolzDTHb, (T2 MW o TUIB AL FDBIFE 572) [B5], DIk EH LD IR,
BMIZ22rrhoT, SHIZESTWS, £/, ToULL, SYI50MRICIE, I a—&R—27
Doz, VIEF OB, HRRECEEZHOCTEITINCES Lk <, BUEFHE OB T 2 7%
MUK o T2,

WEXSERTAETHRVD, ar¥a—X—DFAR—RILL T, Bt+EIBLTVWSE, av
Pa—&—l%, drdilBHMNTHREINLZDDTH 2, FHEUANDIGHIZIERICZIICHz >
TWb, SHODbDNUONOATER, BUERMN, &5, Bk, BERY—U2, avva—x-LLTIE
BROZ LR

LaL, WERIAL 2 —X—DRHRHRE o TV ABHENED £7-, REO#ESZZRITTED,
FTEMEI ORI TH 2 2 L EHE VRV, (8 DICERT 2 & 512, ZIEOBIEERE, FEaHE
MR (zov b= 9 28ER) 720 LIE, MR (EATER) tiddah, miEFOMIEy -V =&
facidih s g > v TNRBIMRAROL T %, EAERE, MoaEX, 7—v & 7 1 XGER
F, WINDEBHEAEODTFICBT 2HDLNERRETH L, —HEBLXUZEOI L M7 Y 2B %
HERD, WINGEAEREICIDERIND L ZHLMCT 232 22T, X REHTERIBUEGT
HOMIF e R 22Dy, EHIWEHEL TV,

MR ) X, YIRS Y B R OO BT H 53, WHAEE B OH#N L, BEEC
PIFZEDHERD 2, 20D ZEDBREAZ N, TR T T TOBENZDREFTH B, DI
RIDMEIIC, BARENLERAE L L 1Y) 2RVET IR LIELIED 5,

K4 BARER

EAHG (BA- v v oR, T-T i) 1%, 1962 4, @AEMFRICE > CEE XN [0-12] #iT
WM HRERT, HEETFOTAERH > LMRTPTO XBRDOXZ FVEIERTEZ 20, FLWRH
ERoTWS, T M50 OB (B-L Bi) L M0z, 202 2IiionTos iz,
FEEHEOHIZRY, *—7 4 zDFEE R © §11.3 O TR INTVWE DY, ME—DHDTH 5,

AFITX, T-THime B-L 8RS 7 — ) 22Tl S 2 E iR MHmTH 2 2%, FRIITR
T, CRNETD DL, AVFF7 74> PTRlR L TELFZEMOBEKYE L TOBERRIEL, 5
EHEOBEBTH 25E12E, DDXIIC, BED7 4~ b TR,

K41l INILE-SOIERHISOEARIBROEN

HRNOMENZ by cB3 3 HE5%E, DV ) v£Fzricss, DPr) R, svhilac
BRI MLVOIRR R OB EERT 2IRETH 2, 22T, i \FEOFS (i € {0,1}), [ IIRLIREE
(le{o,n}) THS, ZOWIE, RDXIIFHEDOARICIDEREND,

p (r)exp (—i27TLaHZ» . r)

(2

D.S. —
:1/ DfNAkNXp<—me”HL-r>dS (K.29a)
Ak
D.S. —_
- / DY (Ak) exp (—i?wP(l)La . r> ds - exp <—i27rLaHi : r> . (K.29D)
Ak

ZZT, Ak = La—HZ, ffk's. dS 1%, 7HHE (Dispersion Surface) £KICH7z 27 TH %, Dgl) i3,
71y REOIRIET, KR Z MLrotfissd, R (KI0) T2 6h 308 HEREuZ L, RIE
AR (KI3) oBRE 283, WEMOYr o &5 RBEBTH-> THbRV, PO I2E, T
WAFHBOD, [0 dS OMBOFIE, 2 DONHEIOVTOMI R G EE TV IS TH 2,
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X (EZ) OWAIC exp(i2nLal;) 2 TROREMR 5,

D.S. —
DY (r) = / DY (AK) exp (—i27rP(”La : r> s, (K.30a)
Ak
D.S. —
PW(r) = / DY (Ak) exp (—i27rP(l)La : r> ds. (K.30b)
Ak

DY (35 E R S N B BT, SO AR (KI0) M0 roL 20k, ¥aTiaLErR
D, TIZT, Ak D, RDXSIRREZ L 2EERBT 5,

—
Ak =POLa = s + n{Pel™ (K.31a)
= &Vs1 + el (K.31b)

72, r BRD XD IR T B,
r = SpSo + e(w) (”) (K.32a)
= 8181 + e(w) (Tr) (K32b)

X (K3230) 12 (K31E), (K32d) 2fAA L TRHE T 2 L XX 21§ 2,

D.S.

D (r) = /A ) DY (Ak) exp [—m(g(g”swnoeg”)) (soso + ePel™)| ds (K.33a)
DS l

= /Ak Dé)(Ak) exp [—iQW(f(())so—i—noeéﬂ))} ds (K.33b)

+o3xX (KZ336) % sp THD L TROREF S,

9w N () o (D) ()
5o D8 (0) = 5 DY (Ak) exp [—m( Do+ noel )} ds (K.34a)
Ak
P50 o (0 ()
_ /A g D8 Ak exp [—i2m(el’s0 + mocl™)] s (K.34b)
D.S.
— _i2n / & DY (k) exp [ —i2m(&s0 + moel™)| as. (K.34c)
Ak

Fost (K33 i, R (KTHE) 2/0A L TRORERE 3,

) - DSy T ) ()
——Dy’(r) = —17rKX0/ Dy’ exp {127r(§0 50 + Moeg )} ds
Ak

(98()
D.S
— iTrKC(l)X_hl /

DY exp [i27r(§(()l)so + noeg“))} s (K.35)
Ak

 (K3m8) 75, 7 (K33) %1870 & U FIEE R (K300) 1[SEA LT, ROREE 2.

0
881

D.S.
DV (r) = —inKCWyy, / DY exp [m( Dso + 10 e(”))} s

Ak

D.S.
—irKxo / DY exp [1277( D, +noe<”))} ds. (K.36)
Ak
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LoR (K36), (K=30) 2, & (K30) ¢ (K308) 28A LT, XOR%1E 2%,

8‘2 D (r) = —irKxoDY (r) — inkCOx_,,, DIV (1), (K.37a)

0

)

5 DY (r) = —irKCWy,, DY (r) — ir Kxo D" (x). (K.37b)
1

oI, BROMHE y(r) &, AT Y, xnexp(—i2rh - 1) O k5127 =V ZRBICEH T
522D TE D, MBI TFEMNRY ML u(r) DEALEZFROHE, BXTMEIX x[r — u(r)] T
BT 2 e TE, 207 -V MO hy BEEF —hy iZHMIET 27—V fBUE, zheh
Xn, €xpli2rh; - u(r)] BE K x_p, exp[—i27h; -u(r)] %%, R (E37d) & (K3ZM) O xp, B&E
Xon, LBEHZ 2y, X (K37d), (K370) 1%, RO LS ICHZHmI 5N 5,

0

5 DV (r) = —irKxoD{" (r) — it KCWDx_y, exp (—i27h, - u(r)) DIV (r), (K.38a)
S0
9 Hw e (D) : 0) : 0)
8TD1 (r) = —irKC%'xp, exp (i27hy - u(r)) Dy’ (r) — inKxoD; "’ (r). (K.38b)
1

o (K3R) 1, AHBEETH 2 x(r) DhitHZ, RN u(r) 2, $682b0TH2 & LTI
hifk>, Lo (K3R) 1%, @ARAERNICIE»R LRV, BARHERICIE, W20 —RELZHK
DEETS 5 [10,02,03], LA L, ZOoild, EBPEZ>TOWTHEETH D, X HOMHEES T 57
T, MmoOBRICEEZERZLILDTE S,
K42 BARERHLSOINILL-FIUIERDOEH

BFZEMOEEZE R VEAEROR (K30) 12, 28ED LD 1 25 PO 23R 2 ML OhH Y
THFHFETHRDIUDIEFTTHS, Thbb

D(()l) (r) exp (iQWITHg) . r) = Dél) exp <i27rIWHO> . r) (K.39a)
= DY exp (mfm - r) exp (izwLa—HS - r) . (K.39b)
L7zdioT
D(()l) (r) = D(()l) exp <i27TIWLa> : r) (K.40a)
= DV exp [izw(gg”so + noeg”))} . (K.40D)
Lo (KZ0B) % so T L TROREF S,
a(zo DY (r) = i2ee DY exp (MWL; - r> . (K.41)
K (E39)-(K20) oFIE%, DV (r) EA LT, UFoX%H3,
DY)(I') = D%l) exp (i27r1WLa: : r> . (K.42)
(;Zngl)(r) = i271'£§l)D§l) exp <i27T1WLE; : r) . (K.43)
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3 (E20)-(K23) %7 (K32) 1A LTRET 2 L XOR 2185,

27D = inKxoDY + inkKCWy_y,, DY (K.44a)
27 DDWY = ink Wy, DY + in K xoD. (K.44b)

FoR (KZ3) ol % i2n TEDET 2 2 0L b-F v B, X (KD) 255,

K43 F&®

§KZ T TlE, = Lo v gD o m A HEZ, K42 TlE, SRR ST UL b-F v T HEE
PEH L, TRhOL, FEMHEMEL LRI oL -y gy, MahEXciish
5 AREEE, FMAR0TH 2, MEREEEL BT, BEEREIE TR TEESRZIONS
ZEBLRELED D, oL b-T ol W2 T X REREER T 2 mTH S, Tk, X
FRIOT 2 FEZERIC BT 2 Mo HRERICER LE S Z 2T, SAHRE, BEETEMERDFZ 2 v
SELVWRBEZEE LSR5, hmﬁ,%?%ﬁ@%%%ﬁﬁﬁ,pﬂkmﬁ%thﬁmﬁ%ﬂ?
He, B#e LTEEMZ/2OTH S, T 77 TGS, MESERTRITIE, @rEsh
VD, EAHERTIE, TR Rﬁmnmkﬂm?65@mk_®_t%it,%*@%®%Lm%@
TH3,

IV Mg MG EAREENFEMTH L2 e 2B L LT, ZhsZHINIEL THEWSY
6«%%2,%%@%KTV%O;h6®@m#%ﬁfﬁéutd,i?ﬁ%®ﬂ4%/«w7%@t
YAl Ty vH—HERPEMTHE L, EHICIILUTVSE XS IEbR S,
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The next page is the begnning of Appendix O
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TR L

X #RZH (n R) B715FHEER £ € OBERE
EE FUMHIERERIC K BHRGE

E B 2%V LEZERIGEVERICAS Lz X BoR2E# 0L, i%n
EW@%M@ﬁ?@m)kiofﬁﬁéh%ol%b@ﬁ?%Xﬁt,UZO@
77y FRFBEDADENE T 5, ZRENEHEICIX, 100 FIC M IERDD
5703, 3 DL EDOEDFERFITIENZ (n i) 77— ZADHFANLEZ D720, FHIE,
AKX (T-T HER) 2207 — iR L, BUBEREZ %2, X BROREIR
REZHIMH U 72 EBRIC K D, ZORGEEZIT o T& . TNV -7 U Z O]
R (BE-L #Mam) & T-T S8R, 2, —R BT, 7—V ZEH# TR
XN FMELEARICH 2 2 2RL, FHREBIXUEROFELHERICOWTHR
TR

L1 ELC®IC

SELAERTHIT SN 2 X BOHR 2 8 2 30 3 2 G B 220 T B (B © Xidh,
1912 27 v T2 ko T, MfmiC &2 X MOEITBHEARE R SN ERD 1910 FRI2E, F—7«
v[22,03) R oL B] Ik o THEROEMN G 2 ol SH, RBILEHVWLRTWSEI#
HEmE, T ALV MK TZOEMNEZ BN, 1931 4, SV IPERI €L 2] =L h-F v 2
TR (B-L B Th b, 77Tk - THEx o8 mEAAER 2] 1, AH X o
EODRE X FROAHER L F 2 GBI Lz, Zio E-L Bigs, 2 oFREF RS
TW3 [§,29,32,383,8%-41],

—75, 1962 4, FWARIC & » THELINE [0-12] @A- b vokr R (T-T B, T-T HER) 1%, &
BTrEAZIMO WA 2L LT, SREIAIC D - 72 PEIREED 5, yu:/umwﬁﬁiﬁzb
TIEL ZIFANLN, Bk SRR TR T2, XIERZ S 7REOHERKS I 21— a v
fThhi [42,43],

O DODREHEN T v 7 D55 #%ﬁt?t% WIZECUX, WS TS Hy & U2 D DOWHET
ROH) BZoL MR BICETET 229, mﬁlwﬂbkmm%ﬁﬁé%éx Hy, Hy DA D#ikE 1 5iAH
TV RER EICIRZ £ 51T E B 2 21E, ASRICHRTE 3, HoH, 8 b icfi& 2 [z X ¢, HoH,

*LREE, P K BMIGLE MREEE: AABEPE RS TBGHE) 33 (2020) 61-80] 2H# Lz DTH %,



232 R L X B2 (n 1) BIPEH b 2 ORIRES X OMEDERING & 5 Wil

Wk 3R X MROBEZIET 2 A% v id, 1937 F L=V — [I6] Lo TRINCIREE N2,
Mo, LoV —RFr b Xidns,

T/, XARZ brRab—iZBWVWTIE, YV arReiAYEY RADEERE L THWSLNS
B, FEDHF T3 F—T X HRGREICREEN R ohns 2 ehH D, 71U v F (glitch) & XX
NTW3, lglitchy &, HE, FEEL VS EROELEHFATD 5, DHAEROMEEIC K D T UL b
BRIZMHES 225, FREDHTFZ X ILF¥—T Hy, H; A DM T BT UL bERD BIC# - 72 & Z1Z,
70w FHRRET B,

Hy, Hi, -, Hy_1 OWHIETFHEDFRFHC T NL REREICH D, n HORDBFRFICHRW T — 2% n K
=R IR T b, oL M-I THERD, n il — RITHRRE Nz DX, 1967-1968 F72 -
7o [B,00,25,44], 2L 7k o THRIERA D TEZONTDIZ 1974 FEDOZ e TH % 28],

—77, T-T BED n K7 — ANOIIRE, FTENT, RXEOTIRDBIENTH 279, 1987 F, fF
KR LTz 3 — AANDIRRTOA [35], 1998 FItEEET 2 3 — 202X [@6] 23
WD THE SN, RIEDNEEEZERLTD, n € {3,4,6,8,12} D n ks — AR @7 ¥, &
B X 2 BEMIEDORTE, BXU 6T —RATOREHICE 2 Y R—L bR 7EBERL O
Le# i & 2 MGE (36,88, 49] 1% 2003 4, EFOICXI2MEDUDTL Ko7z, LK, 2012 FFTIC
n € {3,4,5,6,8,12} D n fr —RIZOWVWT, FHEHES I 21 —2a Y EERMRO L 0—HE2WmEL
T&7 b,

2005 FEICRONC|E L2 Z e TH 252 6], E-LHHE T-T HigoMIcX, 7—V) & cill
NZEMRERYED D, FMTH2, WIhd T U DI X2 EHEREAHER 2] »oEHIAT
WBDT, YRZDTH2P, TOI BRI TwRro/zZ s, T-T Himd n Ko7 —
ANOIERDENT: R FER TR W Bbh s,

AT, 7V OB FHRERTEXLS, T 0 ELHEREEHL, chk 7 —) &
T528T, ni T-T FREAZEH T2, $cn i T-T 7ERE 77—V &L T n ik E-L Mm%t
Hitcxs s, E-LMEE T-T BEmASMTH 5 Z & [60,61]) &2, HI/RANCEART 5.

n EOBSEMETX, E-L#EGe T-T AEROY5 5 Thidl T, MEMERDZ e NTE
%5, ZL T, zhztuc, EFft, 8FYH5, TOHEEZHELL LT, Zhoz2fnglysaNEl, ¢
WS DHREEDRFETH %,

HARANCHER DL M EN TV I N ZHROBREIL, F—T 4 Ik 2EE R FriEbh
%, 500 R—I P EDOKETH 20, LT —R (n Wy —R) BT 300, DTFD 214 R—ITH
%, BT — AFHE L TRl L2 #RE L LTIE, F v Vick 3 2004 FOEE B0] b b, BV R
Z1—0 1978 FEFDEFE 9] 1713, 2O E-L HEmIIE T 2005 LWVWEldkdid 5, L a—2 LT,
Ryh—hrbavw—Icksd0 (52,63, AL J12k3bD (64,65 5 3,

L2 I/NILE-59X (E-L)n KEROEH
RXORZ, FvickoCEEINT, Bh¥EmEATEXTDH 5,
K} — K?
ZTDZ = thi_h_j [DJ]J_kl . (Ll)
i J

k%, i ZEHDO 7 0 v REDOFEE, HEH~RZ bid, k; =ko+h; THD, ko &, w5 BEHTEDBEE
RZ MV, hy BEERZ FATH B, K(=1/)) 1, A8t X HOBEZICBT 3BT, N ZEETH
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%o D; & D; i3, i&HE jEHOT By FEOEFRIBR T PALTH 2, Y-, 13, jICHT 2R
Y R=Ya Y THb, Xp_n, &, BRIWED 7 =) ZRH, D)) 1k, &, EHERENZ b D; O
k, ICHEELRRITTD 5,

ki + K =~ 2k; 3% (CD) #EA LT, RO Eoh 5,

o Z Xhi—h; J_k ’ (L.2)
Where &L=k — K
BWRENMNZ MV D;, D&, AA7—RED 1 KFEETRDELI KT IENTE D,

D, = D" + DMelV, (L.3a)
D; =D\Vel” + DMeV. (L.3b)

s; D k; HEDHMARY ML THB L %, s, IcEEREMARZ b el” v el iz, s, el eV 23, £
FERXRREBRTEIICERT %, j ITOVWTHFRETD 5,

WZERNC/ERIL 72 Fig. T 2 2R L0, U2 T 2, n HOFET R —M LICHEET
BIGECREL T, ROMMEDE VAR LT n OEEMREIT 2L, ne {3,4,5,6,8,12} X
%o n LS OMRE T IE T UL FERER D & 1510580 2 W S LR BT 3. Lag(o 7 =) 1,

H;, i €{0,1,--- ,n—1}) »50HM» K (=1/)\) TH 2, PL& H 2HDe33, FRKOD
BRI Z3 T 2 FETH %, Plg & Plz DAZEMHOTH 2, 7V ITEIE, DBIC \My #+ K OG5
WHEHTE 2 X OHERZIRT 2D T, X T Lag &3 5,

P& Ply Rz, AGFHEROWEBARZ SV OEA (#RIE Hy) TH S, £, ERT S e C X
DEIITERT %,

o) = 5, 1 COM® 1 e (L4a)
L7=3o°T,

SZ(?) =s;- eg.m), (L.4b)

oo™ = e (m>, (L.4c)

oLm) _ (1) o™, (L.4d)

R () o Hidic, zhzh, ) () & (C36) 2RALTROREE S,

&(DVel® 1 DMel)
7th L, [P0 4 DVe (1>hki. (L.5)
R (L3) AR (C28) #RA LT el omEEtiT 2 2 vic kD,

(l) Z Xhi—h; Z C(l m)D(m) (Lﬁ)

PPy &, X #RASRIAGSERE D R & BAIERARZ ML n, IFTT, RDOXSICEKSIh2dDL
ERAE

/
P/P; = ¢n,. (L.7)
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O ¥ M Z, X #EASTA DB n WSS DAED A LT, Fig. I %2R LT,
PiLap = KB©el” + KpWell. (L.8)

L (=ki—K) X, stk — K, OWNfEZ 32 Zic&biEonsd, 22T, k; = PiH;, K; = LagH;
Ths, X (D) R (CB) OELEL, s; DWHE L - T, & (CZB) 2RAT 3 &,

—
§i=si- (P/1P1 + PlLao)
=¢s; n, + KBOs; e + KWs; - el
= €cos©; + KOS + KW S (L.9)

X (C9) 2R (0B) /DL RAT 5 2, ROXAELN 5.,
ccos©,0" + K (S35 + 5{7)580) D

n—1 1
K lm m
-5 > Xnioh; D 0: o), (L.10)

ZZ7T,i,j€{0,1,---,n—1},
n e {3,4,5,6,8,12},
l,me {0,1}.

O, s; & n, DRITATH S, X5, R (CID) DA% cosO; TEIZ Z 212X D XROADES

L.1 Geometry around the Laue point Lag. Plp and Pls are planes whose distance from
Ho and Hs is K. Pl 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. P'l’ » that appears in equation (L) 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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N3,
o _ _ L (0) 5(0) (1) 5(1) 0
<D cos ©; (S”Oﬁ + 5508 )Dz
K S - (l,m).~(m)
L,m m
T Seosg 2 Xnny D G (L11)
b =0 =0

X () 3, FF1e~2 PAZRIWT, ROKS RSN S,

EED = AD. (L.12)
E 3, 2n x 2n OBEITHITH 2. 91X, 20 RTEDFINY b AT, 20 ¢ HHOEHE D™
(q=2j+m+1) THZ, UK, EHRZ PABVLE, BAENY bVEENEITIE, ECFTRT

Teed 2%, Ald2n x2n DIETATHITZD pAT g HNBDER ap o(p =2i + 1+ 1) IZRD LS ITHZ
5N %,

K (t,m)
= C.
47 9 os 0; Xhi=h; i

Op,q I (0) 5(0) (1) 5(1)

ZIZT, p=2i+1+1,06,,% 7Ry I—FTLETHB, X (CI2) &, 2n HOEHMEE L EHN
7 WV @ EFOREEME/EENY FEETDH 5, EEMEEH, 70y REOPBART M VcHIR%Z 5
Z, HEXRZ M ADBRIBLEE 5 Z 5,

O E-L B b 4R, N (L) o ko cididah sy TEEHE/EENZ MLV 2w FREX
—fICH TRV, T E-LHGRICET 2, ZETRNTOEFEZFICBVT, FEHEHEOEASL LTOHHK
HOEHMFTREh TV, TR (L) %2, UFD LS ERT %,

(A-¢E)2 = 0. (L.14)
O %, TRTOHITHEED 2n RILDFIRT L TH %,
det (A —¢E) =0. (L.15)

FoxX (CI3) 1k, X (CT2) 25 2 = O LINOREFOLDDEMTH 2, Ty —ADBE, o ft
ErRiE, FIBLAED ZeRHIAICHIDILS 2o TES, IHIE, B—LYYREZEERT DL
kb, X (C2) oFE»S j =i OEEHEET 200K TH %, mEEo RN (CIH) X, o R
v m RIS LT, ZhENEiRE 25, 2Dk, i E-L #HimE, B 3w X @i
R %,

ARROFBITBVTIE, =L Y YERDOEREITORV, T-T R j =i DHEKT &, (EEF
ROFEFITIET 2 L WS EHBEDBDH 2720 TH 3 86, LT —ABT 2 08mEIE, EICELT
D 2n KRR D, EFEICEMECKRZ, 2Oz d e, ZWHNFHERORKELELE-ERD
OEeDOTH 5,

n ¥ E-L HEROBIERZ RO 52 7=013aL 5 28] TH 3, MOFKRE, Fvzfiz@s, sid
H;, ¥ K ooz bZET260THD, X (C12) OEEMHE/EERZ PAREZES XD S,
75y PP RELBENZ Z2AT, BMWEERROBDEEZLNS,

Fig. T 12i%, Ho, Hy, Ho, H3, Hy, Hs 2> 5 OMEEED K (= 1/\) ®F 7 281 (Lag) W&MZ T, H;
(i€ {6, 7,---,17}) D HOHEHED K © La; ZMEMATH 2, OHO §LHA TR Fig. CTA D X
572 18 i — ADFHEIC, La; DERNIDEICK B,
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Fig. [0 C LagLa; 1&, P\Py ¥ TH D, X () ok, DY 26 &+ )PV (2721
I<6DEEE=0) ITBEMZI2LEND 5, R (LIT2) OFD 2n x 2n THOEFE 2 K33 (LI3)
i3, RO XS cEERZRTUSE SR,

K

a. o
P2 9 cos O,

Op.aK (40 500) (1) (1) /
© cos©; (Si’oﬁ +5i0/ ) — 0p.qSis (L.16)

where, & = 0 for i < 6.

l7
Xhi—h; Ci(,jm)

Lo (CI8) %MK 7512FD 2n x 2n (n = 18) DfFFIE/ED, X (LX) OREHME/EERZ ML BEE
fex, obiz SL3AWihT 5, X (CZ6a) X () 22 6IR LB a7 » f vz m@d 7 —
I TR SN0, §LHA TRy, Fig. [O8 (b) TH 5,

COZWEEERERYD 2, EEHLHD 2012 FDFHX B0) £ T, T-T AERORE[R21H 7
D, nHOWKF RV DOME RIZRIFIUIR SN WS HIRZERITCTE /2, ZhzWbih-
7eDTH 5,

X 51, Fig. O @ Ply L@ Lag TRWHFNC Lag 21 &, Lag—LaZ =&n, £3L51C, Pl E
i La, (i € {0,1,2, -+ ,n—1}) 2EFT 3. ZOHE, nlE E-LHEmEIAT 2, R (CI0) MY
T5RE, KDLk %,

& cos @{Dg(l) + K <SZ(%)B/(O) + Si(,lo)ﬁ/(l)> 'Dg(l)

= —¢! cos 0, DV
K n—1 1
Sy, e
j=0 m=0

where,i,j € {0,1,--- ,n — 1},
n i, ToL MERERENEGE O g T R DO,
l,m e {0,1}.

P@%:KW@QP+Kﬁm%UT%50Eﬂ%lﬁ%&ﬂﬁ%é&#ok@ﬁﬁomf&EUEE%
(C33) %EH L gicitd s 2, X (CI) Y 5 303, RO X510k 2,

K
cos 0;

K L
 Seos. 2 Xuuhy 2 G D, (L.18)
v j=0 m=0

%7, R (CI6) #XORTEEMA 2 2 LIk 3,

fD/(l) — (S(%)B/(O) + 5(10)/31(1)) D/(l) _ g{lzD{(l)
i i, i, i i

K
@p.a = 2 cos O);
p.g K
" cos©;
T (CTY) 1F, Fig. LT O X 5 ICZEHEDOME RIS FRPFEELRL T, EEOMEBDWK
FRED, TV MNREREEFBICHEEST 27 — 212250 T, R (L) IRALT, @2RD 2T
=5,

L

(SZ'(,(()))B/(O) + Si(,lo)ﬂ,(l)) — Op,qi'- (L.19)
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L2.1 I/NLh-5U I (E-L E5R) b5 OEAAER (T-T ER) 0EH

Zofitiz, R (W) 2w LR (CO) TiddEh s n il E-L B 5, n il T-T SRRz EH
T3, WZEMICBIY 2D EEMICBI 2MADIEF DR, oYX — a >y DIEFDRHH
B, MmO BETLR5,

r ZRIEANZ VAR L LT, IR0 TDH 2 RIEEE D(r) 5, XDXS51I£IN3bDL
ERSR

|
—

n 1

—
j{:e’)Lﬂ” exp(—dZWLaOHg~r>. (L.20)
=0

<.
I
=)

LURORBD7D, MERZ L, s, el el o 1 KiESr LTRO XS ERZhBbDLT 5,

1, Y

r=s;s; + e(o) (0) + e(l) 51) (L.21)
[RYCRE | 0 i BEOWKIE, 70 v REORIE D 10k o TRO XS ICRBT 2 2 LA TE 3,

——
Dgl)(Ak) exp (—iQWP'lHi . r)
= ’Dgl)(Ak) exp ( —i2rAk - 1)
X exp <—i27TLa0HZ‘ . r) , (L.22)
—
where Ak = P Lag.
WZEHT T — ) TN EITOB, chET DY TRLTELT n Y RHORIEE, Zhs Ak OB

ThH5 e EWHRIMORT 2D, DV(AK) LB T2 icT 2, T, BOTROLD, R (I2) &
K (CR) 225, Ak RO XS CRINB Z L 2R L THEL,

Ak = ¢n, + KB0el” + KpWelV. (L.23)

K (22) @ DIV (Ak) 1Z, TD& 5 REMTH-THiDRV, M21E, A8 X BORES, Fig LI
D Ply LD 1 HTOAEBRTRY, T4 7 v 707 NXEBTHIUIFIBAS, RIELMEDZEDS
RW—EEDGAX, FEEMTE TNV RERY 722 7-OREHEAG 725,
X () G UORE DY (r) &, i % jig, | % m CBEHRALRE D (r) 3, 7avrKkE=
E—L Y MNCEAADELLDELEZ LN D, KDL ICKEN D,

D (r)
D.S.
:i/ DY (Ak) exp (—i2rAk - 1) dS. (L.24a)
Ak
(m)
D; (r)
D.S. (m)
:/Ak D; " (Ak)exp (—i2rAk - 1) dS. (L.24b)

22T, [07 Sk, SEERKCb MY TH B, HEMELEERY MU, 20 #H 30T,
Zhen&EE%R k(k € {1,2,---2n}) £ LT, z?lmﬁ/x yay%téﬁﬁ%@bﬁéﬁ,ﬁ
(CZE8), (CZEB) 1LBWTIE, OHORLBOMENDLD, (o dS ootz Y7, 0> X —
yay%aw%@zzufﬁﬁbfmaoD?()zpﬁk)u,%m%m,amﬂmigﬁ.ﬂep
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¥ exp(—i2nLagH; - r) eg-m) D EEHFT 2IIETH 5, X (C=20), (C23) %230 (C2248) 1ITiRAL T,
X (CEZ0) OfRtHAF2E @S 5 &,

D.S.
D) = / P (AK)
Ak

X exp { — 127 [(f cos ©;
+ KpOSY
+KBMSY) 5

+fi(e,eM)] } as. (L.25)

22T, fi(e”eV) g, &Y, N OBIET, s cKIFLEWIEHTH S, £oC, ODV (r)/9s; &, K

z’z z’z

DEOIEREEINS,

9 o
—D,
Os; ' (x)

0

D.S.
= / DY (AK) exp (—i2rAk - 1) dS
9si Jax

D.S. o }
- / - [D”(Ak)exp( iZTrAk-r)] s
Ak %

= —i27 /Ai ” {f cos©; + K (Si(,%)B(O) + Si(»lo)ﬂ(l)ﬂ

x DV (AK) exp (—i2rAk - 1) dS. (L.26)

—7%, R (CZ3) ® Ak Db DI, AK ZRD XS ITEHET %,

AK = P/ Lal
=¢tn, + KBl + kg Well. (L.27)

R (C23), (C28) T, Ak, D{(r), DI (Ak), D™ (r), DI (Ak), 8O, B0 2zhzh, AK,
D" (r), D}V (AK'), D™ (x), D™ (AK), BO, gV THEERATY, ARLERSTE30T, R
(CZ8) L FICEORDOXBIELN S,

0
88i

DY (1)

= —i27 /AZS. [6 cos©; + K (Sz‘(,%)ﬁ/(m + Si(’lo)ﬁl(l)ﬂ

x DIV (AK') exp (—i2rAK' - r)dS. (L.28)

% (E28) © DO (r) 55, n [HOMIE AR P EIHET 255812, exp (— i2nLaoH, 1) eV o
W%ﬁﬁﬁéﬁ@a@mﬁuf,ﬁxmmwoDquu,mppq%ﬂﬁiqqéw%zﬁﬁaﬁ@
ThHH, ToUL MREEIEICHET 208 FHE TN TEBT 25a~Y, T-T At o %
DHBI—MRALT 2 7= DITHEF L 7=,
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3% (M) %3 (E28) 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. (L.29)

% (C230) 2R (CH) TR AT 2 L, ROXAPELNS

0
851'

D (r)

- —inK Z Xhi—h; Z o Dl (r) (L.30)

where, ,j € {0,1,--- ,n—1},
n e {3,4,5,6,8,12},
l,m e {0,1}.

Lo (C30) 1%, n fOHFRFE—ME LS 2551055 n il T-T TEKXTH 5,

IAT, MM TERETHL L E, BRI, x(r)= Y xnexp(—i2rh;-r) DXL, 7—
) THCEE NS, LhL, SEBICHTERN ur) 555 %, BAMERE, ELIIC A[r — u(r)]
D, RDEXS5IC, BRshiz7—) BRI h 2,

x[r —u(r)]

=3 e { -~ i2ehi - [r - uir)]}

= Z X, exp [i27h; - u(r)] exp ( —i27h; - r). (L.31)
L7ehio T T2 u(r) Z2ROMMOY%E, BXRMRD 7 — U TRBUIMENRZ FLr ORI
%Y, Xni—n, exp [i27(h; —h;) - u(r)] O XS wcRIN2, o TX (C30) 13, WFEME RS
WKHLTRD LS ICHZMZ OGNS,

9 Ho
!
n—1
= —irK Z Xhi—h, exp [i2m(h; — h;) - u(r)]
j*O
Z o Dl (r) (L.32)

FoX (C32) 13, nEHOUFRAVE ODOME LICHFET 2550, M FEMEZIRDIRZ S n
B T-T A2 [19,60] 1ZI1Z5 72 5780,
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Rz, TV MERGEFHOMIRFRE TN TERT 258D n ik T-T A2 EH T 5,

Lag %, X (CI2) 28T 2 EANCEABR Lz L5118, Fig. LI D Ply Fich 3, 0 FHD Tk
éhki‘?lﬂ) ThH?, HIEHARLIZEIC, 0FBHL i HHO T—fbah7z7 v i) 2HEIN
27 b i LagLla; = &/n, TH %, (Fig. CIZM), n MOMgF R H—ME Licd 2 55120E, X
(CT0) 23 (E28) 1IRA L TR (M) 218743, o900 MEREEOW FEE TR TEBTES L5
¥ 51k, R (CID) 2R (X)) ITRATIRERH 2, Fo02RF, RO@EDTH 5,

0
&si

D{(l) (I‘)

D.S.
= i27€) cos ©; DD (AK') exp [ —i2rAK -r]dS
INY
D.s.n—1

—irK ZXh —h, ZCfl]m)

Ak’

X D;(m)(Ak’) exp (—i27AK' - 1) dS (L.33)
= i2m&} cos © -D{(l)( )

—inK Z Xhi—h, Z o™ D™ (x) (L.34)

where, i,j € {0,1,--~ ,n—1},
n i, T UL bERREI RO F RO,
l,m € {0,1}.

Lo (C33), (CH) #HHFT 21570, AK, — Plla p B, % (C2E) GO Ot E %
DD (AK)) exp(—i2rAK, 1) £ T2, —RAEAMERESICEZS, LHLIoBE, HEAD
TFERED 72, R (CHB) HLOMY OFE% D™ (AK)) exp(—i2rAK, 1) LT 2HENH D,
R (C33) 4 2 EA 5 R (H) 5 2 FAOZHATET, 5 Lhky, X (LI1) OHELE 1 H%
S e, FEilids; - Ak, £ 7225, Thzeiibd, Eillzs, - Ak DX X LD, ZDkd
Th %,
Xz, R (I530) 2EELT,
a /(1
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) (L.35)

Lo® (E33) 18, ToL MREBEOWHEFHETNTERL, HEHTFEAZIRAS n i T-T 5
BRTH 2,

g7, PHEARFHOBIME LT VARRSHHL TH<. X (O3 KB 5 DD (r),
D/(m)( )&, ERER, exp(— 127rLaOH-- )eg), exp(—127r[?H;- r)e; (m) @(EZ’E LT HIRIETH
5. D/V(x), DI (r) 13, 2RhEh, exp(—i2nPiH, 1) el ¥, exp(—i2nPiH;- 1) ™ D% %
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HT2IRIETHB L LT, Figg CIE2ZMWIT 2L, ROXDBRD IO EHFRTE 2,

D;(l)(r) = D;'(l)(r) exp (—i27P;Lay - T)

= D;/(l) (I‘) exp [ — 21K (5/(0)9[()0) + 6/(1)6(()1)) . I‘} 7 (L?)Ga)
D;(m) (r) = D;/(m) (r)exp (—i27P Lag - ). (L.36b)
R (C36d) DIRMD 0/0s; ZatET 5 &,
0 0

W i (r) = [ Ds; N(l)( )} exp(—i27rP1LaO; .r)

_i2nK (FO5Y + FOSY)
x DD (r)exp (- 2P Lal, -r). (L.37)
X (£30) ¢ (C37) 2R () RA L TRORE 3,

0
8Si

D/ (r)

= i27¢!’ cos ©; DV (r)
+i27rK(ﬁ’<0>5€0> + 8D DO )

17TKZ Xhi—h, ZC“ DY (), (L.38)

Eo (L38) 3, exp (—i2nPiH,; 1) e, exp (—i2nPiH, 1) (™ @(F;z%:ﬂﬁa“z)%&mmp”“)( ) B &
UD“W()kﬁbf&biﬁMﬁ%TTﬁ&ff%% L@ﬁ(-m) %, WA L P Hy OFH
B O I5E, HaAstzEE<c, DI @) 7213 DJW () 1, —EDHOEREIE S
25 Eib, Fig. COD X512, MMM A EEAERARYZ P n, 1IN L TEERBMXY L
e, e, TERL, MENT MLE, r=re,+ye,+2zn, Lididd 2L, K ([3R) 2f@NTHE SN2 KE)
W3, o, y CKEET, 2 0a0EesD, DIV (), DI () exkEsha, %7, oDV (r)/0s;
i3, KD KSR 5,

oD/ @) _  dD/V )y
0s; ’ dz ?
dD!V(2)
- — L.
cos © & (L.39)
K (C39) 23 (C38) KRAT 2 L, KO X5 Rl HMs HREREE 5,
d (1)
— D
L D (2)
=27/ DIV (2)
120K 210) 6(0) , gr(1) ()Y (D)
cos ©; (ﬁ S +6 S )z (Z)
n—1
im K Z ZC“ D (z) (L.40)
cos ©; Xhi—h; ' '

X (CZ0) 1, EAEE/EEN2 b/vﬁnﬁ%ka%mxé TEMNTE, ZhEElzick@rnigoh
2, ZOZ M6y, E-LEGN T-THRLEMTHZ ZeBbhr2DE0, 22T, #L R
S DYAJ AN
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WN/R(“I)

(1) 1
o) &’

L.2  This figure shows small hexagonal pyramids used when solving the T-T equation
(C330) in a six-beam case whose results are shown in Fig. LT [reproduction of Fig. 1 in
Okitsu et al. (2012) [60O]].

L22 BSAARER (T-TEHR) hS5DOI/NIL -5V TR (E-L B5R) 08T

Zoffitid, R (CIO) 2w LG (CI0) TRE NS n % E-L #EH n i T-T 42X (C30) 225
HHTE3Z %KY,

P X SRARERICAS L, D8E LD 2n MO X4 X4 > MRS 2 L %, RIEES DX, 7
0y REOH Y X—2a e LTRD LI KI5,

n—1 1
ZZ l)D(l) Ak)exp (—i27rAk - r)

i=0 =0
X exp (—i27TLa()Hi . r) . (L.41)

DY (r)= DY (AK) exp(—i27P1H, -1), D™ (x) = D™ (AK) exp(—i2nPiH,r) ®¥ FTH DV (x),
D™ (r) 1%, BAARER (C30) il T 0T,

0

D5, [Dgl) (Ak)exp (—i2rAk - r)}

n—1
= —i7TK Z Xhi_hj

Z cllm [DW Ak) exp (—i2rAk - 1) . (L.42)

—%, R (C22) 0503, & (C208) 28 L0 AUFHET, ROX5I1CHET 5,

0

D5 [Dgl) (Ak)exp ( —i2rAk - r)]
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= D(l)(Ak) aa exp { —i27 [(5 cos ©;
+ KBOSY
+ KBWS)s;
+ file (0), (1))] }
— _ior (g cos O, + KB5S + Kﬁ<1>s§}0))
x DIV (Ak) exp ( — i27Ak - 1). (L.43)

X (CE) e X (CZ3) oFAEES LEKT222ickd, R ([CID) cACADBE LN S, n i E-L
HEm e T-T /78X (n € {3,4,5,6,8,12}) o&Ffifkix, X (CA), X (CE) TEREINLZ 7 —V X
fatilbx N g Z LA E e,

EENHBRY, E-LMe T-T Hino MM cl T 2dix, £—74 zoFHE R §11.3 T, =
B OVTOTHREERINTV DD, HE—DHDTH 5,

L3 niXEWHFEROBIERE

L.3.1 niRSARRER (T-T EiR) OBERE
Figs. C2 (a), C2 (b)) 2L T, n=6 D& ZD n & T-T 4 (C30) 2 BUEM IR Bo 7
NAY X LZHAT 5, BITRT Fig. L2 OFFEMES I 2 L —2 a VEIRZ1G 258 OFRITHIZIZ
—_— —_—
LCaidd 3. Fig. L3 (a) O~ bV RYRD &, s KF¥FTH B, ~2 FL RYRD R X
|—1/(xoK)| LB L TH/hEwnwe &, ZREHICNT 5 n i T-T 55K (C30) 3ZXOKTIEMT
=5,

‘RS”R(I)
n—1
= —itK > Xn,-n,
=0
1 (m) ( p(0) (m) ( p(1)
D™ (R{) + D™ (RW)
lm 7
x Yool 5 : (L.44)
m=0

Lo (@) &, 2n BoxmE DY (RW) (i€ {0,1,--- ,n—1}, [ € {0,1}) &#H> 2n @7 1 K
HERTHD, LAPACK @ ZGeTRF ¥ ZGeTRS % ¥ ZHWT, FIEMTHEREZRD 2 Z e 5T
Z 5,

Fig. C3 1%, Fig. L2 (b)) # kX B R ZATHSE, ZOr—ATIE, 00 0#THEHTKE 40 4,
426,066,264, 220 K4 X BOFERHCHR (Fig. CI2 3H), Fig. L3 @ n, AL n, FADRS
T 120° TH 3, Fig. [ () D2 ML Ry R (i € {0,1,2,3,4,5}) 1%, 00 0 §iAEFHE
404,426,066,264,220 &8 X BROBEENZ MIISFEATTH %, 4 RICDEH Deven (i, 1, gy 11y
ie€{0,1,---,n—1},1€{0,1}, n, € {--+,-2,-1,0,1,2,---}, n, € {---,—2,-1,0,1,2,---}] %
HEL, A X BRORHEIREIGT T, (4,],n.,n,) = (0,0,0,0) [AS X $RORIEIRHED 0] %721
(i,l,nm,ny) =(0,1,0,0) [AS X #RDREICIRED 1] D& F, Deyen(i,l,ng,ny) =1 252, £hll4t

BV Deven (i, 1, ng,ny) = 0 %, FEERE D X RAF RSB 25ERAKHFL LT 2 5, Maxt
ZLDBIAHLT, LOE»PSTOBALFREEZFTLTOLN, KE2»o6 1B TO X HIRIE
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000 (2
(0,0),
R

[220]-
direction

n, 202k [022}-

direction direction

L.3  This figure shows a top view of Fig. L2 (b) (reproduction of Fig. 2 in Okitsu et al.
(2012) [501)).

Doqa(j, m,ng, ny) &, Fig. LA (a) TR & 51 Dogali, [, ng —0,ny —0), Dogq(i, 1, ny — 0,1y —2),
Doaa(i,l,ng —1,ny —3), Doaa(i,l,ng —3,ny —3), Doaa(i,l,ng —3,ny —2), Doga(i,l,ng —1,n, —0)
PHR (L) 2 itk ->TRDOHN B, Fig. L2 (b)) &S5 IR~y n Ml (73 v K]
DINZEEIGHFAELZVDT, FHREYZ Iy FAZRIEBDIZZAF ¥ T2 X 5124T5: xn,—n,
DfElX, XOP version2.3 [b6] ZHWTRD 7z,

—77, FHEHEAPEAHINT 2 HE Mo 7ER (C20) 2 < HBE0, R (C22) 1ITHY T 22075718
AF, XD XSk %,

D!z + Az) — DIV (2)
Az

:mﬂ$+

(0) (1)
e, (B0 + 5D

L D) + DO+ Az)

1
, i \F i \F
x> C 5 : (L.45)

I (CEA) &, FHEE X BAS, TXTORNSZ vy —XRETEH 22, X (L4) DfFEZRD 5
L ED LS IR ZITORVOT, WHIFHTHRERD 2 Z e TE 2,
L.3.2 niEI/NILb-F5OI (E-L) BIROBIERE

® (LI2) 0175 A e (CI3) 21 A L, #2132 LAPACK ® ZGeEV 2 HWT k HH (k €
{1,2,--- ,2n}) OEFME &, LEART PV D), ZKRDBZEDTE S,

ZHUCED, TRy REEMBT 2 ROBEANY bre ¢ BHOW (¢ =25 +m + 1) OIRIFLERK
HDHNDZDIFTH 20, KT, 2nflD 7w v KEZ2 LD X5 LS TER TR, HERSEMZhHE
TEDEERT DNEND 5,

IR ML D), D q BHOHER 9,5, (= 7)) % q 4T k FIHOBH L T2 2n x 20 1751 9 %{ED,
RD & 57217 %E T2,

20 = (1,0,0,---,0,0)", (L.46a)
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Horizontally
polarized .
X-rays Arbltr?rlly
PR, polarized
X-rays

XPR

L.4 Schematic drawing of the ‘rotating four-quadrant phase retarder system’ (reproduc-
tion of Fig. 3 in Okitsu et al. (2006) [449]).

2a® = (0,1,0,---,0,0)". (L.46b)

Fos (CZ68) ¢ (C260) &, [ (1 € {0,1}) DIREIREED X #ze Adf L7 & 2o ASHilfSSERITo
BREMTH 2, RHOREML 2212k, FIny v al o k BHOESR o 25kpeh s,
g, kBEOTE Y REOBLALADT, | ORIGRED AS X FuciiE X h, HEH S g
52 j &H m @D X WoRE D™ (exit) [ = DY (exit)] 1&, RORTRKD 5N 3,

(t,m) T N () .
D (exit) = Dy’ (exit)
= § ol 2\ exp|—i2r&, TL). (L.AT7)

ZIT, T, 3EROEXTH 2%,

A (CI3) AV 2 I, AH XRO, BERn BEEPSLOHED XL ERTRT X —R—
/Wﬂzmﬂﬁ@iné@f,Dﬁwwmwf@usﬁmm.%)%zé:zm;b,j%a@&mﬂb
T, Fig. CTO D X 5 7% 2 Zou OB EM#RSE 5N 5, (n,-s;)/(n, -s0) 1, 0FHE j HEHD
b — AWHEEOENEE RS 5720 OMIEE, Fig LN T, j=0Td%,

SYLT—RE T 579 I —AMNBETBHEECOWTIRILREEK T2, j BHOKN TS v 7
br— 2% 2, RO BE T OREORANSLrTHZ 05 Y7 ol 2 exp (—i206,T%) = 0

BRZEMEEZ 22212725,

%%5@2M9E®mipwaﬂfu n K E-LHGmOE@m®E7 — ) BT ici by
A= R IZI7RERZF TS, ZOFHEIE, Kohn & Khikhlukha [69] 35 & & Kohn [60] 12 & -
TERINHDTHY, HOHIEFWFF 6T VT — ROV TOFHEKS I 2L —>a vy 2®EL

T2, EELIZOFEE, MR FITFRTRWIEEDOIENFF 8 T v s —X [b1], n floi
T EAFE—ME SR WIEED 18 7 — 2 bR ITHERL, B Y R—IL b RZ T 70D X MRIRE 516
D™ (Ceivs Yewit)| BHKDIz0 2T, X ROMGREDMOMENS ML 1y &, KDL SEERTS
DET 53,

Tegit = Texit€r + YexitCy + Tznz~ (L48>
F7-, Fig. I &b,

—
P{Lag = Akye, + Akye,. (L.49)
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L.5 Photograph of the ‘rotating four-quadrant phase retarder system’ (reproduction of
Fig. 3 (b) in Okitsu et al. (2012) [50]).

B 7 — U LIS X DR BN EHRIE D (2enit, Yewit) 7 oxp (—i2nLaoH, -)el™ OWELHL,
HOYRIE D§m)(Ak) Dab—L Y MREREDETHLIL2ERBTIL, RDLIFHETE 3,
m o T TT
D§ )(xea:ity yea:it) exp ( - 127TLa0Hj ! rezit)
D.S. y  ——
= / D](-m)(Ak) exp | — i2m (P{ P} 4+ P{Lag) - repit]
Ak

x exp ( — i2mLagH; - Tegit)dS. (L.50)

22, D™ (Aky, Aky) BRD X5 1254,

D™ (Akx, Ak,)

— Z (l)@(m) AKk) exp (— i27&'T%) (L.51)
where, P| P = &!/n,

)

R (CED) OF > X—>ay St i, R (CH) GUOBIOTICEEETWE 0%, BRELEDLD
ThHb, N (CHD) 2R (CH0) 1IfRALT, RN (CI) e X (CA) 2 ERT 5 L&,

ng) (-Tem'tv yexit)
/ Z a(l).@(m) AKk) exp ( i2mg;) )
—
X exp ( —i27 P Lag - remt)dS
_ / DI (Ak,, Ak,)
Ak, J Ak,
x exp [ — 27 (AkoTeit + AkyYewit) | dAKk,dAk,. (L.52)

Lo (E52) 1%, BENR 2007 -V 2B} TH S, Thbb, EV¥h—L RIS T 70 X HHRIE
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Arbitrarily
polarized

X-rays
011 ¢0

Imaging plate

L.6 A schematic drawing of the goniometer on which the sample crystal was mount
(reproduction of Fig. 7 in Okitsu et al. (2006)) [29]].

D" (@it Yewit) 1R B BT — Y TZHUSHT 2 01, R (CBD) TEHRS NS D™ (Ak,, Aky)

TH5,

L4 RER

L41 XEBHEFITL

47, 5, 6K, 8Wr—RADE Y R—ILbRTF 7 DFEEE, SPring-8, BLOIXU O —L4 7 A
JIZBWT, KERDEAYEYFE/ 70X —X—T, 18.245 keV ICHfa{b X7z X $&% FHWTIT
bz, FEEICAS T 2 X fHE TEERRIPURBREMEF > X7 4] [29,60] CRGKEZ2 Y ba—L
L7ze ZOREHIES 27 2BAFEICIE, BRSO D o T BINERMIE T 2 T RR X HEHT > 2
7 4] [B1], #INZE e BIGEDOM T R fMET 2 TR X BEHTS X741 TH5 62,63, Zhd
W, EENER, FETL, FEL TRIEL L, FMEERE, bExiir b7, BEFREEREZE
X BICHESE, A X BROLHEE D IR X825 Z 212 &k D IERORICIREE ERATHEC Lz D2,
Figs. L4, LTRSS AT LTH %,

BB X SRR T (B2 1%, ZHLENCHET X e KEEL X SR T [o2-6] © i LT —H e
RCIREED X SR 215G 2 FE Y LTHNAR DD TH -7, ZhTHRE, Adt X BROAERML HE
RS DT & D IRGIREEICAR I — (IN22) 2358 %, L WORMER D - 72, BRI X M T2 EEORK
NORFEE 22 L5 ICERTHWS Z ek hIIGEIMEIN, LDE—RELRENEONS, F
TBHTRERORMEERIT 2729, BT LF—FHRTORNEI Y b — M IRCER 25,

Fig. CA 1%, ZOBHEFI X7 208AX, Fig. CHX, BETH S, [100] FHLD4KDKXA Y E
v Ff&fh PR, (n€{1,2,3,4}) THRINTED, EX3Zzhzh, 1.545, 2.198, 1.565, 2.633 mm
Thd, MMV Tr—2, 111 RFFHDOEFTHW . Fay ba— L OFfIcOVTIE,
FE S D 2006 FOFS (A9 IZFER L TH %,

n € {3,12,18} D n Fr —ADERICE VT, BEFI AT %2073, 18.245 keV (n = 3),
22.0 keV (n € {12,18}) ICH AL S NI HRIED X #z, £ F RIS AS L7z,

L42 BT LTARVWERCHMRAE

Fig. LB, & 5 ? 2006 F£OFHX [49] O Fig. T 68 L7zbDTH %, n € {3,4,5,6,8,12,18}
D n =R LT, [111] 46, EMESEO FZ >V a vz v, #HRoRSE, 12
B, 18 i — A TiX 10.0 mm, ZDMDIr —2ATIE 9.6 mm THolz ), ¢, w, 0 D 4B =F X —
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Experiment

Simulation

L.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) [50]).

Z—=lzwwvy bEN, Zho0o M Fig. CHIWCRLZEBDTH S, 000 7IHETKE 572D
DORGt X#f%, PIN 74 bXA A —=FRTE=Z—L, ZRODHEFHIHRIBICZRS LHI1Z, T=F A —
X — QR FATE L 72 AH X RO THRMD S, Filh X FRONEE e -T2 L5 —F - =4
Zty bL, MmO X BASEICH2ZEE, X HORKMGTREZERICER AR L —% — %2 K55
259, BOMEZI=F R —X—TiB Lk, Sir#BELd=F X —X—DEEAIITOEHELTE
XA, ZOFEMELT 15 x 15 mm BED XA 4 — PRI X EHRZ 2 Z LI RARETH %,

E— A% A X3, 25 x 25um DY A RITKD , HiaatR /i1, fhaso HEHIERE & F1T127%2 5 £ 5124
A=Yy 77— 2EZ, nlOFTTEE X RS X BRI 2 FR IR L.

L5 RERCHEMSIaL—>a3arofER

L51 3ET—2R

Figs. L [E(a)], T2 [S(a)] &, 00 0 ATAMEFE, 044 & 404 RFKDOZhZN, FEERLFHEIC
X2V AR—N MR IMETH S Bl Figs. LA [E(b)], LA [S(b)] 1%, 04 4 kK%, ZhE
1, Figs. L7 [E(a)], L2 [S(a)] 2 HIERLTER LD DTH S, Fig. L4 [S ( ) WCREIT/R LA
W7 1) v [Fine Fringe Region (FFR(1))] & (FFR(2)), Y F8®D <% — [Y-shaped’ Bright
Region (YBR)| #%, Fig. LA [E(B)] 2 A BN, ¥ Ial—>aryeFREILIHLTWVS
L52 4:B7—2X

Figs. LR [E(z)], LB [S(z)] (z € {a,b,c}) ¥, EERBXUFHETHESNL 00 0 FIAEHH, 624,
628,066 DMK IKETH S [B0], (a), (b), (c) &, BT ATk baryia—
SN AS X BORCIRED Rz 5 THBD, FRrLRET, KE»2 L +45° HWERRFEE, —45°
WERMRE, A PHRETH S,

Figs. LA [E(z)], LA [S(z)] (z € {a,b,c}) &, ZH 2 Figs. LR [E(z)], L3 [S(x)] ® 6 2 8 K4t
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Experiment Simulation

L.8 [E(z)] and [S(z)] (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) [60]).

WZIARL72dDTH S b0, A7 Y > [Fine Fringe Region (FFR(1))] 1%, Figs. L3 [E(a)],
C3a [S(a)] DWFTHIZHBIEEN S, #l)rvT Y > [Fine Fringe Region (FFR(2))] &, Figs. LA
[E(z)], L3 [S(z)] (z € {a,b,c}) DWFTHICBHEEND, F4 7Ty PD K5 LEFVHRE [Knife Edge
Line (KEL)] X3 RXRTORNICA SN 3%, Figs. LA [E(a)], L3 [S(a)] BWTH - & bIEL, Figs.
C3 [E(b)], C3 [S(b)] \CBWTH o & b, Figs. LI [E(c)], L3 [S(c)] BWVWTIX, ZOHHETH
%, FADED X 5 itk [Pattern like Fish Born (PFB)], 7 —FIKDZ 4 > [Arched Line (AL)],
B 2 WiESE [Bright Region (BR)] 1%, Figs. LU [F(a)], T3 [S(a)] ICIFBIZxNT, ZOMDOKIET
BEEIN D, BiX, fRES I 20— a Y EEBICK S VRS F 71, AH X BRORIEIREDF
CLoe ZIFFICE S —HL, RECRBIEELTRESENTEZehbh 5,

(a), (b), (c) WTHHET 2 A4 X &, MERE L BIFREOIRIEDHIHMED HERIZZED 570003, A
WEWYED S, ZOMEZED, (a), (b), (¢) DRI IRBICKERERZ DL LTV,

Figs. L0 (a), L0 (b), T (c) &, ¥ — A NAM2S5RT, ZAZHONOE EITRLEED
2, KD DIEE A, +45° EMRIE, —45° ERRFEYE, G I HIREo AL X #Zz ke LT, E-L
HERC X DETE LR EHTE O EMRTH 5, Awid, 211 #EADD, AgilX, [01 1] #ED
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Experiment Simulation

L9 [E(z)] and [S(x)] (z € {a,b,c}) are enlargements of 6 2 8 reflected X-ray images in
Fig. CR [E(x)] and [S(z)] (reproduction of Fig. 7 in Okitsu et al. (2012)) [50]].

D, BER ABEREP SO VATH S, 16241, 16281, T066) il ALLEDIC, X HLEER
EoBED ERb R 6N, Zhbld, TRZNORMERN T T v &M Ziiiz L2 eick 3,
A< YRR (REER) (7 1LX2bDTHZ, TNLENOBD LB BREL, 4 BEMHEERIHTTZL
7o ZA T, TSuper Borrmann) YFEA L7, A——FL< YR 8] BELN2, 16281 @
Y EADIX, Fig. [0 (a) &L T Fig. L0 (b) TENMX L B->TED, Fig. [ () X, MW#H
DOHFE BT o TWd, 18.245 keV O X FIXT 2 6 2 8 KFD 7T v 7Ai%, BXZ 39.64° T
HY, TlRECHTIEARTEHET S, 0.186 BED/NXRfEL &%, Fig. [0 (b) ® —45° [E
MR, 62 8 KENCH L TR r @b, 16281 OBY EAD AN WEHHDHATE 3,
%72, Figs. LA [S(a)], CA[S(b)] ICFEA L TKEL] ® X $R5RED, A4t X MROmICIREIHAES
ZHMHFAETDH 2,

L53 5iET—2X

HE 5D 2006 F DY [39] Fig. 1 ISR L &S, MARDEE, 5 HOWEFEN O DDME
FRHFEET2HELD B,

Figs. LI [E(a)], CIX [S(a)] &, EBREFHERS I 21 —Yaickd, 5EEYR—ILIFKRS
77 TH5 [bU, AH X MMOmEIREL, BHET > R T 4 THIREYEE BHRGICERL 72, Figs. T
[E(b)], T [S(b)] 4%, Figs. LI [E(a)], CI0 [S(a)] ® 55 5 KFHEDA X =Y IR L7z DTH
% [B60), 74 72y D kS LEiVER [Knife Edge Line (KEL(1) & KEL(2))], BED X578 %—
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L.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.

~ [Harp-Shaped Patten (HpSP)| WEREFEKS I 2L —>a Y OlFICALN 5,

Figs. CII [E(b)], CIT [S(b)] R 2 &, KEL(1) ¥ KEL(2) ®J71A%, 555 K4t L 00 0 /i /5E
KD b RZ T 7B ENTTH, BEOD5 55 KEKE 333 KD NRTF 7§26 ST7 R FAT
ThHb, ZOZLF, #EPTS555 L 00 0wTAEHEOM, BXX555 KEHKE 333 K4
KOMIZ, ZTALF—DRD DD 2 L% d00bE 5, [AZFEVIE [Knife Edge Line (KEL)]
&, 3,4,6, 8y —ADEYKR—LIEZTITIZBNTHRLNS,

L54 6HT—2Z

FEHLH, 2003 4F [48], 2006 4F [@9], 2011 4F [36] WKW Lz 6 oy —RCBWTIE, PRZF 7
KIFAZIE 6 HIETH o728, ZOMITRRIRT 5 6 7 —RiE, bRZZ 7RIEHIE 6 AIETIERW,

Fig. CI21&, KFRIEAGHC X 2L, ChEREL TUTo At EKY I 21— 3 VORRT
»% [60), Figs. T2 [E(a)], CI2 [S(a)] D06 6 & 2 6 4 REFEEILA LD, Figs. T2 [E(b)],
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(1)
P
)

Experiment Simulation

L.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) [50]).

Simulation KEL(1)

Experit
L.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)) [60]].

CTA[SOb)] THB, 74 7Ty ID XS 7%4 [Knife Edge Line (KEL(1)), (KEL(2))] BXU =t

@& — > [Hart-Shaped Pattern (HSP)] 25, FREFIEKS I 21— a YOlGICE OGN 2,
NRZ T ZREHIE 6 AIED 6 4 — A [36,48,89] OHFEIE, M#EROZ I LF—T0—1dh 3

ZEERRET B ITRDARZ = PRGN, Fig. LI D7 —RATlX, ZHUIBEIRD» -7,
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L55 8iET—2X

Fig. CI3 1%, 8L YK=L b RT T 7T, H4DOXEOKHEEIZ, Fig. I3 [S,(T-T)] 1T/RL
7zeBHTHS [bO,57,

Fig. CI3 [E,] (z € {h,v}) &, BEEYE (x = h) LRI (x = v) O XFREAG L TR SN EERIC
L3 8V R—NMRIFT7THS 60,67, MENKIX, BHEFRXTLEZHA LI TERL,
BB e BERBANOKK 2 52 2BHET0 S0 FMHEY 7 FBOFEER, HliXE2ZickhiF
LR TWV3,

Figs. C13 [S,(T-T)], CI3 [S,(E-L)] 1%, MY (z=h) X#rE, #HFEE (v =v) X #ROAHZK
FELE 20 T-T A2 B (T-T simulation), E-L HEmOMEE#H 7 —) 2L THE LN
(E-L&FFET simulation) 1 HEMES I 21 —2a YTk 2 PRI 7METH %, ERriTo K, %
TAtEHS I 2L —2a Y TIREL T, FMRmoFIke X il — 2 82 DBfRIZ, Fig. LT3 (a) D@D
TH?%, E-L&LFFT ¥ 2 2L — 3 Vi, Figs. L3 (b), LI3 (c) DELEZNE L TiTbh, £h?
N, ag & P DEITZEDFRE, Fig. CI8 D (aq) & (B1) DEED AL WZEHRE L7z, Figs. I8 (o),
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L.13  [S.(T-T)], [Ez], and [Sx(E-L)] (x € {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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L.14 Enlargements of the 0 0 0 forward-diffracted images in Fig. LT3 (reproduction of
Fig. 6 in Okitsu et al. (2019)) [67]].
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L.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)] [67].
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L.16 (a1) 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 1 and ; in Fig. LT3 (a) on the imaging plate
whose surface was normal to the [1 0 0] direction. X-ray intensities of a2 and (B2 in Figs.
[CT3 (b) and LT3 (¢) have been erased (reproduction of Fig. 8 in Okitsu et al. (2019) [64]).
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Experiment Simulation

L.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) [60]).
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L.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) [BR]).
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258 R L X B2 (n 1) BIPEH b 2 ORIRES X OMEDERING & 5 Wil

Hj, Hy H;

L.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) [6R)).
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L.20 Glitch map (simultaneous reflection map) for silicon 2 2 0 reflection. ) (the ordi-
nate) is rotation angle (°) aroud [1 1 0] axis. The abscissa is X-ray photon energy (eV). ¢
is zero when Koo X Kagg is parallel to [0 0 1] direction. Kgoo and Kago are wave vectors of
0 0 0 transmitted and 2 2 0 reflected X-rays.
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X-ray n-beam dynamical diffraction theories,
numerical method to solve them and experimen-
tal verification

Kouhei OKITSU Nano-Engineering Research Center, Institute of Engineering Innovation, Graduate
School of Engineering, The University of Tokyo, 2-11-16 Yayoi, Bunkyo-ku, Tokyo
113-8656, Japan.

Abstract The behavior of X-rays when they are incident on a crystal can be described by the dynamical
diffraction theories. Studies on them when the transmitted and one Bragg-reflected X-ray beams
are strong (two-beam case) have a history of one hundred years. However, the population of
researchers on X-ray multiple-beam (n-beam) reflection is small. The present author has extend
the Takagi equation (T-T theory) such as to be applicable to n-beam cases and developed the nu-
merical method to solve it. They have been verified by comparing the computer-simulations and
experimental results with the synchrotron X-rays whose polarization state was controlled. The e-
quivalence between the Ewald-Laue and T-T dynamical diffraction theories is also described. The
theoretical, numerical and experimental studies on the n-beam diffraction of X-rays are explained.
Further, a hypothesis concerning the too large values of R factors in protein crystal structure anal-
ysis, is also described




262

BIEHZF | BEICSHT->TOHA R

M.1 LAR—FDEBICDOWVWT

F1ME, F2E, F3ELR- T OMEHIRE, Zheh AdHKT, 28, 3K, 4e L, X7y
A4 1%, 11pt(RA > ), FHDHYIDIX, KMI-6 0> 7 NRIZFERL7z# D TT,

JRAIE LT pdf 77 A0 (pdf 7 7 A L 2AEN ZEREAIZR T UL Word 2 EDEARTH 0 EH7RW)
T7 7 A V8, FAERT T MPEEFS K% 00N.pdf) ¥ LET, (Nin{l,2,3}). flZF, £
DFEEFZREE C20-8789 THZ T2, HE2HMHEHDOLE—- D7 7 A L8, [C20-8789 i
F_002.pdf] 7D T,

INET, 77 ANVBMMEBLE LTWDTTA, 77 A VOBEIZh) 2RHZEMEL, 2L TH
MORHZZ L D 720D T, THABEVE T,

LAR=MZowTE, FAlE UTHREFIRZFD, ERICO2 DRI KRR 22200 TL
XV, HEZonTiE, BEBROMRA 2SI T XV, LaTeX 25 L IEHICEL VL E— |
PR TEETH, Word LA T 4 X=X 2R TH 2R EFEDO L R— b2 TEE T,
ZD#EFESRE, TAT LaTeX 2o Tl L TWE T2, ZF LRI, 272 h ORKEHE L
LET, LaTeX DRAF N EHIZOITTH, BT T4 X—DRAFADFEICRZZEHD EEA.

RO OWTIE, THEREE MG (2024)) tEddd2 2T, BHIZM>THrEbORVDHOD
ELET, BLAYOREREEMERILTVWET, 4 ¥ X —3v b FORIZHESHEE, 5IHITO
URL ZFiR L7z A T T EbRVWD DL LET, Z#HEHEIER L2581, 2oL
TLEZE W,

By 1BV TIE, LR—F2WVWLIEE, python D707 74, WihbhZiEHET2d08 L
¥30, 7077 MOV TIIELSEES 2 2 L 2hiféic, R OHIBRERITEEA,

FEHEEX, AD X — 17 F L X, lkouhei.okitsu@gmail.com |, [yrt01404yrt@yahoo.co.jpJ,
lokitsu@soyak.t.u-tokyo.ac.jp) @ 3 »Fisd, 7 7 A VI L TiE-> TLEE W,

R—=ADPZETERWNITINUD, BELLEZEDPHENLHTT,

4 H 29 HOFERICOWTE, FERDOL—LTIEH#ET LI IR TVET, KiEZHLET 2%
WEX, TOEX—NEL TV, ZHIRT, KET 205020 B0 T,

MHETHBRLITO 2 e PRI TV 20 TT, BERELEREAXTITu e BuE g, M
TITH 0, B TITS 2, T 200200 TR, BIHICX — L THEKL %9,

NHHRE, ZHEELO L TRMETELIehr b, HMEEMFELVWEEbRTVET, —7, H
HODRPLTIIZOWVWTIE, T4 ATV A DEHEZEL TROoNS 2D, ERAXDPERLTHET,



M.2 HA XA (51 F#EA ST —HFA 2 b) 263

N, SEBOFLEICOVTD, BMAEZXA—NLTESTLEIWV, TELRIIZHEDHFLICHS &5
WLz BnEd,

LAR—=FONEDFHIICOWTIE, AV F VT 14— (AN ZROEBEHLE T, A1 VX —%v b
DitHE, Y—FZ oI VIF—V—FE2ANLTHRETZLIEFIZLLDiLEP Ly PLET, Uk
DDFLHFICE HONT, 1 SADIELHAL LT, NEZXIKHEHBL, HPOSETHIELTLZ
W,

M2 HAHUR (B 1 EBBAT KTV k)

ROR=I 5O M - MI4 1%, 51 BFERHA Y —KA > T,

KEROBE X [/ —~AVEEZHTIEL S 22 TY, mliHliZh205Ee VS DlE, ZFHE
DENEHTT, 77—V @ (7—V e 7— ) 288 2HB T2 221k, X sahE
figh, BITHEE, X CT, Au2'5 74—, LW YR ORI A IR T X %5,
(9222l ok 7 — ) &y e, WZEE) I T7— ) ZZHR) r 050N TEEY, 92
) OBVBEERONRWGETS [7 -V 280G o058, EEBOGIHENICE S
9, L4 o0FHIEANICIE, 2 Y TIEED £9,

%1 EO#FR T, DNA OERFFEZIRET 27200 74 F 2% (1980 F /7 — L EZHE)
¥, DNA ZHiE$ 254 TH % PCR ¥ (1993 4F 7 — L EZE) ITOWTHUET, [/ -~
BIIEINCH M) LR 3103, BRI IASICOWTEIDODREE L EZ, H 1 HO#EREDT—
~ITEVE L,

14 FOHHREZBEL T, 7—V) L 77—V ZEHUCOVTHY, X G mEEMRNT, BT
X#CT, vurI 74—, L\WolHffiny THHiZ) LU 2 Z e BEETT,

7 =) TRITNIEE R TH 270, FRFZNR ) ORKPBETT, —HECHEEDEL &5



264 fTex M B 1 BEBICY72>TDOH A R

M1 HAXCR (B 1EMRAAT7—FAL 2, 20D 1)
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M.3 HAXYR (B 1EHERAAT—FL 2, 20 3)
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M4 HAXRY R (51 EH#EHAT—EA Vb, 20 4)



268 fTex M B 1 BEBICY72>TDOH A R

M5 HA XA (BB 1ERA A7 KA 2, Z0D5)



M2 HA4 X2 (1 #H#A T —F A 2 b 269

M.6 HAXYR (BB 1EHRAAT—FA 2, ZD6)



270 fTex M B 1 BEBICY72>TDOH A R

M7 HA4 XY (51 E#ER AT —HE4 Y b, 2D 7)



M2 HAKXYR (31 E#EA AT —FA > 1) 271

M.8 HA XA (BB 1ERA A7 KAV, 2D 8)



272 fTex M B 1 BEBICY72>TDOH A R

M9 HA XA (BB 1EHRAAAT7—FA 2, Z0D09)



M2 HAKXYR (31 E#EA AT —FA > 1) 273

M.10 A4 XY (5 1 E#EFEHAY—KRL 2 b, 2D 10)
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	オイラーの公式とガウス平面(複素数平面)の基礎と応用
	複素数の基礎
	オイラーの公式と複素数平面(ガウス平面)
	複素数の表現と共役複素数
	複素数の足し算と引き算および共役複素数
	複素数のかけ算と共役複素数
	複素数の割り算と共役複素数
	複素数の絶対値

	複素数の応用
	加法定理の証明
	2倍角の公式の証明
	正弦余弦変換の式の導出
	ド・モアブルの定理の証明
	オイラーの公式を使わないド・モアブルの定理の証明
	余弦定理の証明
	ベクトルの回転操作の式の導出

	質問と回答
	オイラーの公式はなぜ美しいのか
	1.3.1.1 質問 どこが美しいのか
	1.3.1.2 回答(天才もただの人?)

	成分表示と極表示について
	1.3.2.1 質問 どのように使い分けるのか
	1.3.2.2 回答

	回転行列について
	1.3.3.1 質問 座標変換する前後のの有無について
	1.3.3.2 回答
	1.3.3.3 質問 式(1.49) [p.8] の回転操作について
	1.3.3.4 回答



	ホログラフィーの原理
	ホログラフィー開発の経緯
	ホログラムの作製
	破損したホログラムによる立体像の再生
	質問と回答
	1次共役光について
	2.4.1.1 質問 1次共役光がなぜ邪魔なのか
	2.4.1.2 回答
	2.4.1.3 質問 ホログラムをもう一度取り上げてください
	2.4.1.4 回答
	2.4.1.5 質問 フーリエ変換型のほかの「型」とは
	2.4.1.6 回答
	2.4.1.7 質問 物体がないのに物体があるように見えるのか
	2.4.1.8 回答
	2.4.1.9 質問 フィルターという言葉の意味は
	2.4.1.10 回答



	テイラー展開とマクローリン展開およびオイラーの公式の証明
	テイラー展開とマクローリン展開の歴史
	マクローリン展開の記述
	数値計算によるマクローリン展開の検証
	余弦関数に対するマクローリン展開の数値計算による検証
	正弦関数に対するマクローリン展開の数値計算による検証
	余弦関数と正弦関数の和に対するマクローリン展開の検証

	マクローリン展開によるオイラーの公式の証明
	質問と回答
	表3.1 [p.22]の記述ミスについて
	3.5.1.1 質問 表3.1 [p.22] に記述ミスがありませんか
	3.5.1.2 回答

	テイラー展開とフーリエ級数について
	3.5.2.1 質問 テイラー展開はフーリエ級数の一種なのか
	3.5.2.2 回答
	3.5.2.3 質問 フーリエ級数とテーラー展開はどう違うのか
	3.5.2.4 回答
	3.5.2.5 質問 フーリエ級数とテーラー展開についての解釈
	3.5.2.6 回答
	3.5.2.7 質問 フーリエ変換はマクローリン展開の逆演算なのか
	3.5.2.8 回答
	3.5.2.9 質問 Nはサンメーションの打ち切り上限なのか
	3.5.2.10 回答



	1次元,2次元,3次元の逆格子,周期関数とフーリエ級数
	フーリエ級数展開誕生の歴史的背景
	1次元の周期関数とフーリエ級数
	一次元の逆格子
	周期aの周期関数が満たすべき条件
	周期a / hの余弦関数
	周期a / hの正弦関数
	フーリエ余弦級数
	フーリエ正弦級数
	任意の関数の偶関数と奇関数への分解
	複素数形式のフーリエ級数
	複素数形式のフーリエ係数の計算
	フーリエ余弦級数とフーリエ正弦級数の係数の計算

	二次元の周期関数とフーリエ級数
	二次元の逆格子
	二次元の周期関数
	複素数表示の二次元フーリエ級数
	二次元フーリエ級数の係数の計算式

	三次元の周期関数とフーリエ級数
	三次元の逆格子
	三次元の周期関数のフーリエ級数
	三次元フーリエ級数の係数

	一次元フーリエ級数展開の数値計算による検証
	一次元フーリエ級数の係数の計算
	一次元フーリエ級数の計算例
	4.5.2.1 例その1
	4.5.2.2  例その2
	4.5.2.3  結論

	一次元フーリエ変換の計算例(周期を5倍長くした場合)

	2次元フーリエ級数展開の数値計算による検証
	2次元フーリエ級数の係数(逆空間像)の計算
	フーリエ級数の上限の次数と解像度

	質問と回答
	フーリエ変換像とは
	4.7.1.1 質問 フーリエ変換像が見えるとは
	4.7.1.2 回答

	フーリエ級数について
	4.7.2.1 質問 Fchとfchの関係について
	4.7.2.2 回答
	4.7.2.3 質問 積分範囲が-1 2  1 2 である理由
	4.7.2.4 回答
	4.7.2.5 質問 振動する項がなくなることについて
	4.7.2.6 回答
	4.7.2.7 質問 ( )の中身の符号について
	4.7.2.8 回答
	4.7.2.9 質問 逆格子ベクトルの可視可について
	4.7.2.10 回答
	4.7.2.11 質問 逆空間について
	4.7.2.12 回答
	4.7.2.13 質問 パラレルターム，クロスタームについて
	4.7.2.14 回答
	4.7.2.15 質問 フーリエ余弦級数の定数項について
	4.7.2.16 回答
	4.7.2.17 質問 FhとF-hの関係について
	4.7.2.18 回答
	4.7.2.19 質問 フーリエ余弦級数と正弦級数の係数の符号について
	4.7.2.20 回答
	4.7.2.21 質問 三次元のフーリエ級数について
	4.7.2.22 回答
	4.7.2.23 質問 fodd(x)，feven(x)とは
	4.7.2.24 回答
	4.7.2.25 質問 の積分がなぜゼロになるのか
	4.7.2.26 回答
	4.7.2.27 質問 フーリエ級数とは何か
	4.7.2.28 回答
	4.7.2.29 質問 フーリエ係数の意味は何か
	4.7.2.30 回答
	4.7.2.31 質問 2次元，三次元でと使わないのか
	4.7.2.32 回答
	4.7.2.33 質問 「サンメーション」の意味は何か
	4.7.2.34 回答
	4.7.2.35 質問 重要な式を示してください
	4.7.2.36 回答
	4.7.2.37 質問 Fhとは何ですか
	4.7.2.38 回答
	4.7.2.39 質問 f(x a + y b)について
	4.7.2.40 回答
	4.7.2.41 質問 ( -i 2 t / T )を掛けることについて
	4.7.2.42 回答
	4.7.2.43 質問 積分の範囲がであることについて
	4.7.2.44 回答
	4.7.2.45 質問 X線結晶構造解析にフーリエ級数を用いることついて
	4.7.2.46 回答
	4.7.2.47 質問 フーリエ級数とテイラー展開について
	4.7.2.48 回答
	4.7.2.49 質問 ( i 2 h )=1の計算について
	4.7.2.50 回答
	4.7.2.51 質問 テイラー展開とフーリエ級数について
	4.7.2.52 回答
	4.7.2.53 質問 フーリエ変換とラプラス変換について
	4.7.2.54 回答
	4.7.2.55 質問 デルタ関数について
	4.7.2.56 回答
	4.7.2.57 質問 の周期について
	4.7.2.58 回答
	4.7.2.59 質問 Fshにiがつくのはなぜですか
	4.7.2.60 回答
	4.7.2.61 質問 フーリエ級数展開できない関数があるのですか
	4.7.2.62 回答
	4.7.2.63 質問 位置ベクトルについて
	4.7.2.64 回答
	4.7.2.65 質問 フーリエ級数の係数の求め方について
	4.7.2.66 回答
	4.7.2.67 質問 フーリエ級数の係数を求める際の積分範囲について
	4.7.2.68 回答
	4.7.2.69 質問 フーリエ級数は微積分のためですか
	4.7.2.70 回答
	4.7.2.71 質問 発散する関数はフーリエ変換できないのでは
	4.7.2.72 回答



	ベクトルの演算
	ベクトルの演算
	ベクトルの絶対値の定義と計算
	ベクトルの内積(スカラー積)
	5.1.2.1 ベクトルの内積の定義と交換法則
	5.1.2.2 内積の分配法則
	5.1.2.3 単位ベクトルの内積
	5.1.2.4 内積の計算式

	ベクトルの外積(ベクトル積)
	5.1.3.1 外積の定義
	5.1.3.2 外積の分配法則
	5.1.3.3 単位ベクトルの外積
	5.1.3.4 外積の計算式

	スカラー三重積の必要性
	5.1.4.1 スカラー三重積の定義
	5.1.4.2 スカラー三重積の図式的説明


	質問と回答
	逆格子基本ベクトルの定義について
	5.2.1.1 質問 なぜ式8.7 [p.97]のように定義するのか
	5.2.1.2 回答

	質問2 右手系と左手系について
	5.2.2.1 質問 右手系の意味とは
	5.2.2.2 回答

	2次元の逆格子基本ベクトルの定義について
	5.2.3.1 質問 単位を揃えるために| a |で割ってもいいのか
	5.2.3.2 回答

	スカラー三重積について
	5.2.4.1 質問 スカラー三重積は体積を求めるためなのか
	5.2.4.2 回答
	5.2.4.3 質問 式8.7 [p.97]の逆格子基本ベクトルの定義で計算がどう楽になるのか
	5.2.4.4 回答

	内積について
	5.2.5.1 質問 内積をとる意味
	5.2.5.2 回答



	電波干渉計の原理
	電波干渉計と開口合成法開発の経緯
	電波干渉計の原理
	静止したひとつの電波源の開口合成法による方位決定の原理
	位相切り替え法による電波干渉強度の測定
	天頂からのy方向のズレ角yの測定
	複素関数I(x, y)の合成
	パラボラアンテナの光軸からのズレによる感度補正
	静止した角度広がりのある天体の観測
	電波干渉計による天体を追尾しての観測
	実際の電波干渉計

	最新の電波干渉計
	アルマ望遠鏡
	超長基線電波干渉計(VLBI)
	2020年のノーベル物理学賞について

	まとめ
	質問と回答
	x-yスキャンの隙間について
	6.5.1.1 質問 隙間なくスキャンする工夫について
	6.5.1.2 回答

	地球規模の電波干渉計について
	6.5.2.1 質問 複数の国にまたがる電波干渉計は運用できますか。
	6.5.1.2 回答

	太陽電波干渉計について
	6.5.3.1 質問 太陽の何を観測するのか
	6.5.3.2 回答



	行列の基礎と応用
	行列の用途
	行列の積と結合法則
	行列による1次変換の記述
	2次元の回転操作
	2元正方行列の行列式と逆行列
	加法定理と2倍角の公式の証明
	2次元の伸縮操作
	行列のかけ算には成り立たない交換法則
	3次元の回転操作

	行列による3元連立1次方程式の記述と解法
	3元連立1次方程式の行列による記述
	ガウスの消去法による3連立1次方程式の解き方
	7.4.2.1 数値の代入
	7.4.2.2 行列式の確認
	7.4.2.3 前進消去
	7.4.2.4 解の逐次計算
	7.4.2.5 後退代入

	LU分解による3連立1次方程式の解き方
	ガウスの消去法による逆行列の求め方
	7.4.4.1 前進消去
	7.4.4.2 逆行列の逐次計算
	7.4.4.3 後退代入


	行列の固有値と固有ベクトル
	固有値問題(固有値/固有ベクトル問題)の歴史的背景
	二元の固有値問題(固有値/固有ベクトル問題)
	高次元の固有値問題(固有値/固有ベクトル問題)
	X線動力学的回折理論の固有値問題

	質問と回答
	ガウスの消去法について
	7.6.1.1 質問 掃き出し法とは違うのか
	7.6.1.2 回答
	7.6.1.3 質問 矢印で行列の変形を表してもいいのか
	7.6.1.4 回答

	勉強の仕方について
	7.6.2.1 質問 行列の勉強法について
	7.6.2.2 回答

	数学と物理について
	7.6.3.1 質問 高木理論について
	7.6.3.2 回答
	7.6.3.3 質問 物理と数学の相互認識について
	7.6.3.4 回答



	逆格子を定義する合理性
	ブラッグの反射条件
	ラウエの反射条件
	エバルトの反射条件
	エバルトの作図法の基礎
	逆格子ベクトルとブラッグ反射面の関係

	ミラーの作図法とミラー指数
	質問と回答
	逆格子基本ベクトルの定義について
	8.5.1.1 質問 a, b, cをなぜ式(4.33) [p.32]のように定義するのか
	8.5.1.2 回答

	実空間と逆空間の角度の関係について
	8.5.2.1 質問 入射角と反射角が等しいこととどうつながるのか
	8.5.2.2 回答

	実空間と逆空間での角度について
	8.5.3.1 質問 逆空間での角度の関係が実空間でも成り立つのか
	8.5.3.2 回答

	等価な条件がなぜいくつもあるのか
	8.5.4.1 質問 本質的に何かが異なっているのか
	8.5.4.2 回答

	キラリティーについて(右手系と左手系についてについて)
	8.5.5.1 質問 右手系，左手系の性質とは
	8.5.5.2 回答

	結晶によるX線の反射条件について
	8.5.6.1 質問 nx, ny, nz, h, k, lがなぜ整数なのか
	8.5.6.2 回答
	8.5.6.3 質問 エバルト球の中心点Pとは？
	8.5.6.4 回答
	8.5.6.5 質問 エバルトの作図法で結晶を回転させるとは
	8.5.6.6 回答
	8.5.6.7 質問 ブラッグの反射条件は完璧ではないのか
	8.5.6.8 回答
	8.5.6.9 質問 ラウエの反射条件の意味
	8.5.6.10 回答

	逆格子について
	8.5.7.1 質問 ラウエの反射条件について
	8.5.7.2 回答
	8.5.7.3 質問 逆格子基本ベクトルの定義について
	8.5.7.4 回答
	8.5.7.5 質問 逆格子ベクトルの可視可について
	8.5.7.6 回答
	8.5.7.7 質問 逆空間について
	8.5.7.8 回答
	8.5.7.9 質問 パラレルターム，クロスタームについて
	8.5.7.10 回答

	ベクトルの演算について
	8.5.8.1 質問 2次元の逆格子基本ベクトルの定義について
	8.5.8.2 回答
	8.5.8.3 質問 スカラー三重積は体積ですか
	8.5.8.4 回答
	8.5.8.5 質問 クロスタームがなくなることの意義は
	8.5.8.6 回答



	X線CTの原理について
	X線CTの歴史
	X線結晶構造解析との類似点
	X線結晶構造解析における演習問題とその解答
	X線CT理論発案時のコーマックのひらめきとは

	被写体を回転させて得られた逆空間像の再構成
	もしFhk (-Mmax/2 k < Mmax/2) が得られるとしたら
	軸周りに被写体を回転させた場合

	質問と回答
	フーリエ変換像とは
	質問1 フーリエ変換像が見えるとは？
	質問1への回答

	X線CTとX線結晶構造解析の共通点
	9.4.2.1 質問 電子密度をa-b面(x-y面)に射影するとは
	9.4.2.2 回答
	9.4.2.3 質問 どのようにして断層像を得るのか
	9.4.2.4 回答
	9.4.2.5 質問 振動する項がなくなることについて
	9.4.2.6 回答
	9.4.2.7 質問 逆空間について
	9.4.2.8 回答
	9.4.2.9 質問 逆空間について
	9.4.2.10 回答
	9.4.2.11 質問 式(9.5)は3次元[p.113]，式(9.10) [p.115] とはどういう意味なのか
	9.4.2.12 回答 
	3.5.2.13 質問 (r)をzについて積分することでなぜ(x, y)が求まるのか
	3.5.2.14 回答

	X線CTの原理について
	9.4.3.1 質問 とは何ですか
	9.4.3.2 回答
	9.4.3.3 質問 X線強度I(x)/I0が(-dy)のかけ算になる理由
	9.4.3.4 回答
	9.4.3.5 質問 CTの原理で振動する項が消えるとは
	9.4.3.6 回答
	9.4.3.7 質問 被写体を透過した後のX線強度が[ ]のかけ算になるのはなぜですか
	9.4.3.8 回答
	9.4.3.9 質問 I(x)/I0の対数をとるのはなぜですか
	9.4.3.10 回答
	9.4.3.11 質問 Mh0をM0kと訂正したことについて
	9.4.3.12 回答
	9.4.3.13 質問 X線源の回転についてはどこに記述されていますか
	9.4.3.14 回答
	9.4.3.15 質問 X線源の回転についてはどこに記述されていますか
	9.4.3.16 回答



	その他のQ&A(2020年度)
	DNAの増幅と塩基配列決定について
	PCR法の確実性について
	A.1.1.1 質問 プライマーについて
	A.1.1.2 回答
	A.1.1.3 質問 なぜウィルス由来のDNAだけが増幅されるのか
	A.1.1.4 回答
	A.1.1.5 質問ウイルス由来の遺伝子は増幅しやすいのか
	A.1.1.6 回答
	A.1.1.7 質問 蛍光色素について
	A.1.1.8 回答

	免疫について
	A.1.2.1 質問 抗体の性質
	A.1.2.2 回答


	歴史について
	科学史について
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