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[FE 7] »5MIkEZEZTEOEMEE—XAY bT VIR

I =

O O

0 0
B 0 (110)
0 C
TRIND LSRR (v,y,2) 2F 25 (BUEEE WS18), ZOEEITN U THM
REMUD (I,m,n) THB XS 2T BEEE—R 2 I(I,m,n) A

I(I,m,n) = Al* + Bm* + Cn® (111)

b B TFORIEIZ > TRt (ZOHRFEIZLUTORIEIZ/KD R THHBEIC
DB DTEN, BIEEHOME L UTZOFRIHIZHKES Z &), Hte UTIX, PATIZHE
BUTWBHIEET 2z 1% (I,m,n) OFFIZANT 2 BHERZE#Z 170, F OF 72 72 FERER
(2", ) IZBTDB L, 2KDB, L DY I(l,m,n) ThHb,

(1) Hriosiks, MEEEHES X510

l sin @ cos
m | = | sinfsing (112)
n cos 6

&L, e ZOHENZANT DT, R E 2 SO fE DI p 2T EER U T
R (2, 2) Z#PED. T OMEEEIZ X 512 o WO D IZ 6 7217 [AlHx U T EAER
(2", 2") ZENIX KV, T OEBLEEZEHOITH] R %KD XK,
(2) X (103) (B ULLIE, WL Z 722K (106) 2 BEAMIEHET L ZL12&D, L
%Rk K
PERIZOVWTIE, X (282) 2, LWV oTHZORDHEEZHIFHLN DX T RVDT, D26 RN AHIAD

HEENZOBBETHEETLZ L,
131.1.5 HizW

MR OE R 1.1.4.1.3 HiSH,
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1.1.3 TV VYILDOBHS

ZIZTIE, TUVIEREERIZNT AEEDE NI LI > THRTIENDI I E2EZSL, TN
B, DR IEINEHDTH D, TORNIZ, TDEEfFE LT, /FRT > VI & KAFRT >~
VIVEERT D, TOH, BWNDMOMSEEAT S L, 2T >V VIVIER T MV
HIZEWD I VRGN EDT, ERE2HBKNIRT VIV e R MVIIRE Z T 5,

1.1.3.1 W#HTFVIL
2T VIV B KD TE WL 12T

Ty = Ty (113)

LB E HOVWEELZEEN, 2BTUVYLE2DODRY MRS AN T —~DFEE
5 (74) &EmN -k FTiX
T(u,v)=T(v,u) (114)

B E, TUVNT IR/ TIVILTHS E VD,

SEUEDT Y YIVIZEL T, ZOHADEED 2 DDRTFERMLTHEEDLLR\NVE E
IR T Y YILTH D NS,

EHRE UTIEAEDZ &2 2DEMN, YEETIEHMRT Y VLB UIELIXTTET, T
FEEZHAT S IR EDITHIRT VY VA OB RIZNLDZ e 23hH b, NRT Y
NOFE UTik, ERANDFETHTL 3Ty VIV (BikRGEIZiddmtchnwi s b s
M, BEEIIEER) RET VIV, BHRKTFTHTL S Maxwell D17 v VYNV ELRD 5,

1.1.3.2 KR¥#HTVIL

2T VI ERSTEWLZE X
Ty = —Tj (115)

B, HAEWIERIUZ LN, 2DDXRT M6 AT —~OREER (74) L FE N L &
T(u,v) = —-T(v,u) (116)

B E, TUVYNLVT IR/ TVILTHDL L VWD,

SEUEDT Y VIVIZEELTIX, ZOESDEED 2 DDORFT 2R L 72 & ST 5 KR
TEHELDERERFTHT VIV (REKTVVIL) THE LW,

SO T VY IVDESEHELS DT, LLEBEIZHELNSE DIZ Levi-Civita D5E
ERFMTVVILEIEENE LD H B, T

1 (1,7, k) = (1,2,3),(2,3,1),(3,1,2
€ijk = -1 (i,7,k) =(1,3,2),(3,2,1),(2,1,3) (117)
0 otherwise

~—
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CRERIND, e BHRDFF LR T, Levi-Civita DFES & A* Eddington D4 72O &ip
IERZ & EH D, € (CBELTROARIIVIXUIEHVWS NS,

3

ZEijszlmk = 5il5jm—5im5jl (118)
k=1

3

Z%‘kﬂjk = 20y (119)
4.k=1

3

Z €ijk€ijk — 6 (120)
ij,k=1

[ 8] LD 3 DDAXZIEHE X,

1.1.3.3 2TV VIO AR

1.1.3.3.1 EBHNOBOESE 2WULEOT VYL ZEELIINTEHEOENEFHL TOMET
5&@%%4%3‘5’&753‘ 2FIZHb, TNZEMHNALTEL, 2720, T2 AL I

ZIXEHEREORBLR ORIV E RO T, ZITEBEHEENP>TEHIIZEEDS, &
mﬁwa%i ZO5WVWSEDEEERIE, HiwzHoRTHTES, ZI Tl 2D
FUVMZE EDTEL,

JEFER AL TH, T VIR IRT VY ILDEETH O, RAFRT > VIV I
TUYINDEETHD, ZDZ &l XNUT VY IURKHIRT VYV % (114) X (116) DX S
WREHRTHRD, EEIPEERIKSRNOTHIHTH S (ATOMESRIR), /2, PL—X
WBEBEERZ AL CTHEEDb OB, ZIT, TYVILTO ML—R &I,

3
trT = ZEZ = T11 + T22 + T33 (121)

=1

TEHRINDIBETDH D, FEEX LK

3
= Z R Rji Ty (122)
k=1

Iz o T,

3 3
tI"T/ = Z T;,i = Z RikRilTkl Z 5lekl = Z Tk:k =trl (123)
i=1

i,k,l=1 k=1
Thb, TZT, TVINVT 2 TFTDLIIZHEERIZ L > TEHWIB O Z DS\ 3 DDE
IR T BN TES,

T=A+B+C (124)
ZIT,
1
Ay = ST+ Tu) 5 Zn@ (125)
1
By = (T = Ty) (126)

3
1
=1
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Thb, AlZ. L= 0 DRFRT VIV, BIIKAFRT VIV (KKARRT VIV, WD
HERLV—AN0TH3)., CIEEETF VY ILVOERETHD, ZhH 3 DDEHMIEEEZL TH
BHWIEI YD &L,

(R 9] HHRT >V IR FRT YV IVDEFKZ KD T (113)  (115) DX S ITHD TREET
%Y &, [ERFEIEAEIZ & o TRIRT VY VDS T > vz, KRFRT v Y VDK
SFRT VY IVIZE S Z & &S %AW TRE,

mE, TITHRREZZE%E, HHOSWHTEZAEX, AT XS5z 2izs?, 2BOT
VINEI DD DD D 9RO TH D, TOADE, HEEIZNTET VYV ILDOE
#aH|

3
T, =Y RuRjTu (128)
k,l=1
DEWITH Ry Ry EEEEFEORBL, T7bB (i) B L (k) A ORD 9 RTRH L AT
ZeNTES (KRB, 20 IRERIUIENTIER T, bR+ 3K+ 1 Rt DEER
FHIZfHHTE 5, 28T VY IVOBERIORIZ Z ORI IE L TWb, BEZEED 1 RocD Rk
WRIIIEERE 1S, D CRANT—RETHDEENWS ZENTES, XT MO
R T I EERED 3 RITCDERIRILZ 1 6, i) B IR MVINRETHS WS TR
T&5, ZOFHFISEUEDT VY IIZEHILETE 5,

1.1.3.3.2 BB OYEEADIGA #EEIFICEWTIX, 1.1.24 HiTERL LKA
BlT >V Fyj = 0x; /08 ({xi} = {x,y, 2} {&} = {&,n,(}) ZUIRUVIXRRD XS IZ0#d 5,

1
ZZT
1 /0x; Oux; 1 oxy,
B = - L 4 J)—— —0i; 130
72 (85]' 9&; 3; & (130)
1 8% (‘3%
= = — 131
2 2(8@ 8&) (131)
3
T
D= — 132
2o, 122)

THod, By ZETVVIVD IS DREEZ RN, Q) EEHERT >V )b, D 3R
RETHD, 250 THL &, FHHMEIARDIGH & BDOBRIX

LELSIENTEDL, TIT p i 3MIMER, K IMARENER GEERE) THD,

BROEBRAEZAS RO, ZOBREIDY 5L TYRARDT, REL THRENEL W, HRo—> (K B
BRZ NIRRT HS] L0 > 2 L EF RO & RS 5,
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1.1.3.4 (%£) REMTVVILEENERR
2 BEEOIFRT >V L iE

0 Ay —A,
A= —4; 0 A (134)
Ay —A 0

EWVWIHEELTWBEDT, MR NIE3D2ThHD, TZ T, ZD3DDENEFFORT ML
1R LIRS o g, Hiffi 1.1.3.3 OREID D o6 2087 >V IV O TR A3
I MV ETHEZ DD,
ZTZ T, BARNIZIE. 2BERAFRT VIV A PS5 RT MIUVADERERZE * %
1 3
(FA) = 5 Z €ijkAjk (135)

J,k=1

CREHEL, BT, R PV A DS 2T Vv ADBHWEEZ

3

(FA)ij = €indn (136)

k=1

CEHZETDHE., TOEHMEHEZER 2B T VIR MLEOMIGE 525, 151 %t
DT, RZ MLV ALULIF2BNIRT VIV AL T,

A=A (137)

TH 5,
3 PETE R BONIRT >V Vi
A = (acyp,) (138)

EWIEELTED, MUK SIE LI OULAR, Z2T, AHT—¢ 111 OHELH S,
BRI, SBERNATT VYV A DS AN T —~DEHERER * %
1 3
*A::§'§: €ijkAijh (139)

T, k=1
CEEL, W, AHT— A Do IRERKNMT VYV IVADBEHERI#R %

CEHETHE., TORHMEHEZENRIBENIRT VYL AT -t nE 525, 151 %t
7D T, ANT7— ABULKIEIWREERNIET VIV AL T,

FA=A (141)

=& 10] 3 XKD EgE. 4BOREAMm (R TV IWVIEET VY IVESMIEELEL W
T ERIHE &,
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1.1.4 RIMLPTVYILODIE

NI MVRTUYIVIZIIMGAD D TFE] DEZEINTWVWSE, TNHEHRTPI S, £H5
ANTEE B —FI @z ffibisg [H] SThah, TnIMIE VW o200 (TE] 235 5,
—fIZ TRE] 13, 220RZ ML (T U YIL) OMGEREBTH D, Lizh->T, EDE
BELTOT VY LDERBIZINIZE. TUYLDO—FETHEEVWIENVHETE S,
KEBRD LD REFOTNZ L, NI MVOHERIZFRERTHD L VWS 2 & T, BHIFHIZE
TUIRBES 2B L WD Z 22508, Y (1.1.7 fi) 2 AT &, R MUVIZEKRDH S
B (NRERHAE) DEBTEEINE D00, R MVOFKHD ETIREZ 72205 Zedib
Mo, ShoRNE, NECHAENZWE, YHY EEERZ PO BERICRETERWVW0
T, BREWZILYARTIED 505,

1.1.4.1 NI MNILORTE
1.1.4.1.1 ABEOEHR 2°0DRZ b a,b DRE (RAS—FE. Ry &) 1%,

a-b= a161 -+ CLQbQ —+ CL3b3 (142)

CEHZRIND, TUVILNR2DDRTZ MUPS AN T —~ADNIEEB TH S L WSV TE

ZIX, ZhFEET > VL

1 00

010 (143)
00 1

AN TS, RUZ &2, BARY MV T S/EMIE

€1 €] — €€y —e3z3-€3 — 1 (144)
€1 -€) =€3°-€e3 —€3z3-€e; —= 0 (145)
€y €] — €3 -€r—=¢e; €3 = 0 (146)
LD, FLOTRBT L L,
e e =0 (147)
AN
PR L 3 e
a-b=>b-a (HIKA) (148)
& BRI
a-(b+te) = a-bta-c (HEEHD (149)
(@a+b)-c = a-c+b-c (HEIEAD (150)
(\a)-b = a-(\b) = \a-b) (151)
nd 5,
N7 MLDRE S,
la| =va-a (EXITJ7ADEH) (152)

THRINSE, RIZ M)l aDREZI%R, FlZ g 2ELZEHZ N,
1172 HiTRD &SI SN TE» S BRIZHETL 5,




R MVvEeFrYr (EHH) v8.02018/03/30 29

1.1.4.1.2 [BE] RS NRE WEOBERICIE, FAX2EMITEIoTwAWAIRI N/
N=UavhrdhHsd, NEIZ, 0 —EIEIZIZ2O00ORT7 MVORFRESERICEBCTH 5, =&
ZAX, R % B R BRI (20, 21, 20, 23) = (ct, 2, y,2) E\WVD 4 RICRZEERE 2 T,

a-b= —Gobo + Cllbl -+ a2b2 -+ a3b3 (153)

D& SN E#H X5 (Minkowski ZE[f]), & HIZZNEHRIR U 7 — AR T

3
a-b= Z gijaibj (154)

i,j=0
(72720, gy WERMRT V) DX SN EEZEZ S, 7. BEBZEFONMIL, FEREE f(2), g(x)
2L T .
fo= [ @y (155)
DEIITEHETEZ B,
1.1.4.1.3 N7 MLORBEORMAFMLER WREICIE, BFIABHEAKMDED D (ERET
LY D) BAFHLREZERLDH DL, 2DO0ORTZ Ml a & bREHIIERT MVTHRWE X, *

nNoDRIME ) LILHL
a-b=|al|lb|cosb (156)

D DNLD, L7235 T, 0 THRWARZ ML a,b iz LT
albWEXTE &a b=0 (157)
WS ZiZiRB L,
a-b<|allb| (158)

EWVWISHBERHBZLHTIThRr D,
N7 PIVH R & 2T ARED cos ZARRARKEND, 0 TRVWARZ bV a = (a1, a2,a3) A
oWl y#ll, cEERTAE o, 8,y L TBHEE, AHARK (I,m,n) 1

[ = cosa (159)
m = cosf (160)
n = cosvy (161)
cERINd, NEEZAVWTEZS L

| = a-e; _ ay (162)

|al Vai+a3+ a3
m = a- ey _ as (163)

|al \Va? + a3+ a3
n = (1,'63: as (164)

|al Vai+ a3+ a3

EBH, TDIEDH
P+m?>+n’=1 (165)

MEKODIL>TWABI LENN5,
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1.1.4.1.4 RIXFERICBITAZ2RBEAET VYL REXTFHEREEICRS Z2WHEES, 3
EZ b (1 =1,2,3) £ 95&, ARIL,

3 3 3

a b= at) O _bit;) = gjabd (166)
=1 =1 ij—=1
cELZeNTESB, 2EL,
gij =t - t; (167)

BEHETVYVILEIRENS, ZNE. 2D0DORZ ML a, bS5 AH T —~DIRHEE % E
DTWVWEIEEWVWIEIKRTT VY ILTHDS, EHEREED L Tk, a7 v VIIVFEET VY
W25, ERERIEEICET 2O TRITIEL, ARBIZEMIZE CRA T O RS DE% 51
THIZIS DTN,

—fRIZ, RN PLZERIFHNERERESINTVWS LIFES W, NEPEZINTVWERY b
WVZERI R NEER TSR, VWX 22, JET VY LPERINTVWAERPINEEMTH
%, 722X, =2V NEMEZEZDLL, TZTHENE S RENIFEHHTIERZY, ©
LA, BIBT VYD ZDEMOBMAMEZRDD L VI FVWAENRTE S, TOEKT,
FHET VYV, TV o RMAIE TR AN EIZR D,

1.1.4.1.5 N7 MLOREOYEBZEADMBRH YHFT, NEIWAWALRGH THNS DI
BIXAZHENEAS, DT, HF 07 SAHZZETTE U0 S, —D27EH%
275, BEONFETIE, LELN

W=F-Ar (168)

DLz, I F LW Ar ODNEE LThHobEINS, TDHIH T, HEHNEKRTD
MEE] 12 DI, BEAPE AHDOKD 7T THHLZ L EZRLTWD,

1.1.4.2 FTVVYIDORE

1.1.4.21 FTUYILORBEOER 28TV NVIZHLTCHRE (2ERE. 2ERY MNE)
EEHTED, 2007V AL B LONRE

3
A:B=) A;B, (169)
ij=1

LEFERINSE, ZIT., &5 : 1%k KO TEVWLELEEZIZ2DODRFIZOVWTONZNAZ &%
KHLTWB, ZHiE, RZMLVOWRELE - D1 DORFIZDWVWTOMNZES Z & 2R L
TWHEAT, ILERL7Z2DTH 5,

2TV IVDREIIX
Al=/34:4 (170)
e
=y/a:4

Thbd, BBEXHNZL>TIX, FE
A (171)

ELTWVWBHDEDHD, N7 ML EES T, BAZENREERAEND T, RO FHIZI3E
BMERH L, HMIHEDOEERET 1/2 2T 557313, TV VVOIENAKD BEEIZL L5521
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DRO LS IZHETE S, 2B TYYIL A GRS 0) Tk, ZOESIZEHL-
Xz
Al = ["A] (172)

BH IO, ThbE, RAERAZTHIET 22 MVOREF S 2E L A5, 7. HF
VYLTEEZE An(= Ay) BURKE 45 5 mEAIC

Al ~ Ap (173)

AN

1.1.4.2.2 TYVYIDOARBEOYMEZADGEA YHZTHELHTL 25H O —FIZIX, X
DEI2bDONVDH 5, RANFETEHZANLF—DREELL L

GeHT V) GREART >V V) (174)

EWVWSTEDIENBIN S,
TUYNVDREIEMSFIE LT, vV MUVEDOIERIEL Aoy —2FIFTHZ 5, vV
MVIZEARE RS A DY —RNBEED=—a— b VS ES>TWTEEN WS S, EE.
FERERANZ AL LTI Z ) —TREBEZSNTE Y, TOGHE, AN r & BHE
e lZplEd, ERAE LTk
) 1 Tyl
e:2M—B(5> T (175)

DEIBEBRTHODLING, TI T, n WP EZRTERT 3.5 K OLVOHBUYHIZIR S, 1
WRER . G IEHIMER, B 3R TOERTH S, L ZA0, Tk 1 RcoBEBRATH 3,
WIS DE, EERTIE, WAWARAMPSIRITEPTTZDWANARGHOEEZ-720F
LD VDS, 3RTHBRERRNZRETZ2DITHE L WS THS, LArL, ¥ bILXS
MO Ialb—rarvizdBIiE3RTOEBRAPBETHL, INEEDKDITIRITITHL
BELZS KVDEAIN? Za— b VHKEOBARMEEISN TV VL EERET VYL ¢
I

_ 1
€ij = Zﬂj (176)
DELSKETDVWTWDE, TZ T, Eo20AZHEMIBETEOET
_ 1 Tyl
‘=555 ™ 177)

CLTIRESIEAIDREWVWSZE2EWDL, 22D 71 3o REIZNRETTEIET. Th
T VY ILDOKREZ (170) AMflibN TV 5,

1.1.4.3 T3 0D#EE LTDEE

R IV ET VIR ELEEETHAOBOIETEITZ2HEDRH 5, EHRIIBEREIZ L -
TELELTHD, TNEHNFEEIFATVWEIEDEH SN, K#EHETEIHSOLLVWOTHEE
EC SRR

A2 1.1.23 TR 272 & D12, RIT PADLRT MIVADIEGEHDIE (55) TEHZRI iz 2
VL

v="T(u) (178)
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. BaTELE

3
V; = Zﬂjuj' (179)
=1
EELZENTES, HHEFFHOEZLTWERSE, ZOIZL%
v="T-u (180)
T B
v="Tu (181)

LELZEDRDH B, BIEZED - 1E. I DORFIZIOVWTOMERNS Z 2K L, BHIX. 74D
D260 THROFSEZHENZV, LU, BEDLSIIHILFTZ2EFENLRVP D HIE, &#hD
TUYNMETHWONEZ LEHDMODLWVWDT, RFEZETITMHHL RV,

RIED 2T VIV ERT NUSRY MUADIEESRDI (55) TEHLI-L &, R b
Vou ZEHT TEBL, TN2ISIZEHR S TEHTILE VWS Zhnd 5,

v=2_5(T(u)) (182)
IhzfkpcEL L
§,k=1,3

EELIZLNTESL, ZDOT L SOERGH (2T Vv) X FHOEOETEITTY
5D T,
S-T (184)

CEELZENTES, ZOHEA () B I ODHEIAFIZOVWTOHEREZE2E LTS
IDGELBEIAEZ2E N VWHREDL D IN., REETIIHODLLLVDTEFS Lz,

1.1.4.3.1 ABEPLITHOBDGRA~FEAT VIV ZTIWo72NER ST OEDIEZH S
Bl LT, BATVYNLEZEIFTH IS, 1.1.24 HiT, ZRORITIIZBRLAR T >V VIV &2 H
DT RFEA, LIAD, TOHOMETENNLED, ZOT VY IVIFHEEZERT I E
Hb, ZITlE, BZETH, HEEZ2EITRVWEIRT VY ILE —DHNTSE (ZDLD 7%
TVVwi@»%%éﬁ

BAN T >V VTR INBMUNEEDEIZENWT, UNRTZ PLOKREINRED LS I
2T o EEZ D, B

x=F- & (185)
WZBWT, BIEIDORY ML € LEREDRT M DEID2FEODE(LERTASL, T5HL,
2P~ ¢ = z-x-§-€

= (F-&-(F-§)-¢-¢

= i (i szfz> (23: Fkﬁg) - ggkfk

= 26-G-¢ (186)
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b, 12770, FL T Y VYNV F 2170 R EDiE@EZRLTE O, | EEET VLT
H5, BEDERT, TN ,

G= 5(FT.F-—l) (187)
ZEAULZ, ZhiE, 7V —VOEREATVVIVEIRENSGETH D, Zhik, ESD2HED
ZEERLUTWBDRE 57206, BRART VY VDRI AEEEZR L TVWE L ZIEFET VY
WIZ7B, BB, ZOTYVIVERT PV EDPLEID2EDEL NI AN T —E%E X (186)
Lo TEXDBDENS, 1125 fiTHEWLDIZ

z|* — [€* = 2G (¢, €) (188)
RERZODLHARTH S,

1.1.44 FTVVYIFE

1.1.4.4.1 FTUYIEBDEE 22007V (BERELR>TWTHEEW)

S=(S;), T=(Tyr), (189)
WZHUT, IRTOBTOHEDEEZKTIZE DT VYNV ETVYIVBLEERT D,
ST = (Sika;lm)7 (190)

pHEFUVILE gBET VYLD T VY AEIZ p+qg BT VY NVIZR S,

FiE e LT, BEits 28U CHIZ ST L ELGHGEHHS, LrL, THIITHE L TOME
EMHobLVWDT, KEHETRELT @ 2HWSZ EIZT 5,

2DODORT MVDTVINEDZ &% ELIZT 4T K(dyad), ¥4 7 K¥ T 1 7 RF&(dyadic
product) L IERZ L £ H B, NI Ml a ERXT LD DTAT REWVWS L EITiE, BBz
LT ab EEL DR LAERERTHD, X5, T4T7 RKOH ab+cd+--- DIEOED%
TATT4Y Y (dyadic) ®F AT T4 RLESR, UL, (EED2BOT VY VBRI DT 1T
TAVvIDETEITELZZLENS, DNV TTCTATTA4vIeELBATHE2MOTVIIVES
ZIEERV L, ZZT, WALWALMNERITA7-DI2H, A#EHETIET T K () 71
TTAv 27 WS SEIMEIbARVWL, BEilS @ 2835622 LRV,

TUYNEIX, BEIZKFELURWETERT HZEHTES, UFRTIE2D2DXRZ MLDT
VYV ERBNZ LT 5,

FT. 2TV UNERT NUBSERT MUADKEESRE WS (55) TEHT S L &, R
Rl a &ERZMLVHODOTVYVIEEIT

(a®@b)(u)=(u-b)a (191)
CEETED, ZOT VYV IVDRDIEHEIIZ
(@a®b); =e;-(axb)(e;) = (e -a)(e; b) = ab, (192)

LioT, ROBHICLIEHRL —HT 5,
RIZ, 28T VI NE2DDRT MM S AN T —~DIEEHR L NS (74) TEHET S
EE. RIT7M)Va &RTZ MV DTVYVIVEIK

(@a®b)(u,v) = (a-u)(b-v) (193)
CEETESL, ZOTFTVYVILDOES IR, R0 ENC
(@a®b)i; = (a@Db)(e;e;) =(a-e)(b-e;) = ab; (194)

Lo T, BOBFIZLDERL —HT 5,
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1.1.4.4.2 FTYYVIROEEDENLMAE

[1] ZOEOFERMARFHEL LT, TYVYNDOREORENH S, 722 21X, 28TV Vi

3
T=)Y Tie e, (195)

2,j=1

DESIZRBTES, T0bb, EEL e, e DEIITRES, FE TV LE2D
DR PO AN T —~DFEEG{R L VI (74) TEHT DL &, LO T 2H K

3

T(u,v) = Z Tii(e; ® ej)(u,v) = Z w; T;v; (196)

i,j=1 i,j=1

b, d (82) L—ET B, ZOREEEZTHOETHEITIX, & 2,

e e = (197)

S = O
o O O
o O O

DEIITHD,

(2] 2BET VIV ERT PVIPSRT MUVADRIEEHREAD L E, X7 MLz DFAANDH
7% R EHIX

xr r

Pr=—®— (198)
x| ||
ERBTLHIENTE S, &<IT, HBIEIAM (e; M) ~NDOHFIE

ERTIENTES,
[3] ANDEAERAE D 32D,
3 3
sz‘:zei®6i:] (200)
i=1 i=1

=L, TIMEET VYLV THSE, ZOZLiE, LD [1] D XD ITEAEROITHTE N
TLED LY OFITHD I LD OND, 512, 47 U FEEERID HA % [V T W
WIEMIEZEIE p),py, ps IZHLTH,

3
> pep=I (201)
=1

MHNLT B, ZDZ Lk, JEREZ [ L T py, py, py DIVEEEZ < KSR, T
WAL CHERDPEDSRVWDTHRILT 52 &b b,

A EINZIE, BRT B 3DDOHMIZART MLVEFFELT, TNEEKRT L ETIIRS
WS ZETHDB, BOT, HSDIZEDVDEE>THERWTHA S,
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[4] ED (200) #H WS L, AFO X S12LUTK (37) 2FHUOKRD L Z 2N TE 3,

Vi = v-e; (202)
= wv-I(€) (203)
3
= v-) (e;@e)(e) (204)
j=1
3
= v ) (€]-e))e; (205)
=1
, J
= ) (e-e)(v-e) (206)
7=1
3
= ) (e} e (207)
j=1
LIRB I o, FBELEBOA (16) AT
Rij = 6; - €j (208)

285, Zhik, & (37) TH5B.

1.1.4.4.3 TYVYVIEOMEBZEADIGE YHZTEL T TV VY RIZIK, 22 2I1E Tk
HEICBITEEFHERET VI
pu @ u (209)
e, BREFRAIFIZET S Maxwell Jn 1T > VL
1 1
— E@ﬁ—fﬁg 210
Ho ( 2 = (210)

(SLEALRDGE) &b 5, 7272 UPHZTIE @ 28U T puu £ o [BB—(1/2)BI)]
RELFEVWTULED ZLDHBE

1.1.4.5 7 MNLOAFE
1.1.4.5.1 HABEDEE 220DXZ M) a,bDHFE (R7 MUVE, 70XFE) 1L

3
(a X b)z = Z (—:Z-jkajbk (211)

dk=1
EWVWIORDZRE ORI MLELTEREINS, SEOT UV ILE2DDORT MLPSERT ML
ORI EB/ L EFHT B &, Levi-Civita DIEERIFRT VYV €, BAEZEERT T2V &0
52 eIz B, . BERIIZIE,

€1 €9 €3
axb=|a a a3 (212)
by by b3

EHTHARDIIZRL TEL AP,
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4

axb

a

1.12: R ML DAE

AR SO

axb=-bxa (213)
& RGN
ax(b+ec) = axbt+axc (HEEH) (214)
(@a+b)xc = axec+bxec (FEIEAD (215)
(Aa) xb = ax (Ab) =X\a xb) (216)

BB, 51T, X (23) LBVWT b=a £T3IET, EEBLIE

axa=0 (217)
NENPND,
RHZ LRI LTl
e Xxe = e xXxe =e3xe;=0 (218)
e Xe = e3, e xXe3=e;, e€3Xe =e (219)

NS ARVASR

1.1.4.5.2 RI KNILDOABOEMAZHNRER 2007 Ml a & bREHIZERT MNLVT
Wk lL, ThoDRdA%2 0 (0<0<n) &35 (M112), T5&, axbla & b DM
HIZERT 5EZ |a||b|sind ODXZ ML THDB, TORIIE, X7 Ml a & b PRdETM
ARDHEZZR L TWD, a ZHETFORBOHMIZ, b 2 AEBOHAMIZHOEZLEZ, axb
FHIEDAATHZ, ZDOIZ L% {a,baxbl BEFRTHZ L ERET 3,

[BIRE 11] AFEDORM LR ERD EFED LIS REDTHD I L%, ROFHTRYE,
(1) a-(axb) £b-(axb) W0OILRDEZILEZHNPDEZILET, axbPalbd
MAICERT S L2,
(2) BARDEERISAK D 1D Z & 2R,

a by a-b
(a; X @) - (by x by)=| = 1 712 (220)

as-b; ay-by

BB, GO || BTHRTH B,

18Z ik, Binet-Cauchy D1HE R (Cauchy-Binet OAREFBENTHE2EDEH D) LIFENDEHDD—FITH
%O
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(3) EOATa =b=a. ay=by=b ELIZLIZ&D, ATFVDEFEXYDH D L
DI ¥ ERYE,
la x bf* = |al?|b|* — (a - b)? (221)

(4) EOREHVWT, axb DKEIA |a|b|singd THH, X7 b a & b HRTFE
TILAEOmEE 2R L TWA Z L 23T X,

al bPVHTTHE2DIEF0=0FIErDLETHENS

al bW FiT < axb=0 (222)

1.1.4.5.3 NI NILDOAFEOYEBEADIGA PHZETIE, AEIZWA WA RGE THNS,
—DOEIEZEIT S &, BRONFETIE, AEBED

L=rxp (223)

DEDIT, MLERZ ML r CEBE p DAHELTHoDI NG,

1.1.4.6 3E&
2O SEBEITIEINDIEDONHETL I D5,

1.1.4.6.1 RAAZ—3FWR ~7 bl abciIHL,
’a, b c‘:a-(bxc):b-(cxa):c-(axb) (224)

EANT—3ERE LS, R MVEEITRT L

a; as as a b o
‘ a b c ‘ = b1 bz bg = | Qo b2 Co (225)
c1 C2 C3 as b3 C3

D &S ITATHATET 5,

b

X 1.13: A5 5 — 3 EM

MTZTIE, A AT — 3 EMIZ. X2 ML a, b, c TRSND LT ANHEHARD FFE5ED)
HWREIZ75 (KM1.13), 5k a, b,c BWETRZ2LTIGEIXIE. EFROGAEIFAILRS, £
YZ ik, Lagrange DEEXLIFENSE DD 3 RILRTH 5,
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@\ELBKEDTbZc?%%ﬂé$ﬁ@L%@ﬁﬁiwxdf%b Z DNATIUATE %
I & ATz & EDVATANEARDEH S X |alcosd THENS, KMV I

=|al|lb x ¢|cosf =|a - (b x ¢ (226)

AN
R LT, ZBRAR T VIV FiE, [TATELS S

F = (F(ey), Fl(es), F(es)) (227)

DESIZEIFBZ S F 21708 Bz & EDFFIR |F| X, ZRETOKE S 1 O HENE
FL-BOKREE2RT Z L1255,

1.1.4.6.2 NI KML3EHE X7 Ml abcllHl. ax(bxe)®(axb)xexXT ML
BEMEL D, M ax (bxc) & (axb)xcFRED, Thbb, SBUIHAN &7 S
R\, NI MV 3EBIZ DWW TIEROBEBRRL LD D,

X (bxec)=(a-c)b—(a-b)c (228)
(axb)xc=(a-c)b—(b-c)a (229)

[BI7E 12] EORERN (228). (229) DKL T 2 Z & Z2fEND X,
[EIRE 13] N2 PV=FRIZBE L T FDMEER (Jacobi DEER) DKLD& 2P X,
X(bxe)+bx(ecxa)+ex(axb)=0 (230)

1.1.4.7 K IV

IO ZOHRETCHTL 2HiE. UEDEDEITTHLRDED, AEOHELME L
T ISV ZHNLTBEL 2 LT 5, BFAWITIE, AMEEEERIZEUZN, AAEED
HEAX—MNRETH D, HIZERUZAEIZ. RO EVGEITEZBIIRETE 20 WS R
DHD FEROEWRRETIED S, FfMEIKH [T 770720 DFE2HE2SBOZ
&) TNIZH LT, K SUBIFBERIZZRTICHIETE 22 (LL, 22 TIEZDOZ &iFE
9, 3RTDLGEICHEZRS), 5612, MFTRS X512, < IOHEIE, mEzE£THE
CIRTERRT AN T —3EMEL 2 IIRETE 5,

1.1.4.7.1 220XV MLOLK SUFE AEIE. 2 DDOXT VO BKRIE T KPR 72 K7 L B
WThHhorz, TITHEHEIZ, 220DRZ7 Mla,bPS5UFDOLIIZLUT2HEAHT YL E
5,

aNb=a®b-bR®a (231)

INNRKEVRE (DIyv Vi, RRE. d50WEINhzE AlF LIFERZ b HD) THDH, &
HESETERE 2207 VDT VY NVRERKMIMEL 2D & \WD 28225, K
ZEZTLTADL
3 0 arby — biaz  arbs — brag
aNb= Z (aibj — biaj)ei ® €; = CLle — bg(ll 0 CL2b3 — b2a3 (232)
,j=1 a3b1 — b3a1 a3b2 - b3a2 0

L XUREMPMELRBZ, 1L1TAHTHENT BT IATVDEBIZNATT S AT U RE LT,
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L5, AERT PVOEAPENTWE 0, AHEARERIZIZFACLDTH S Z &2
M5,

2200RT FILDOLK IV, H5W0IE—MIC 2 BT >V ILORE X

61/\61 = 62/\62263/\6322 (233)
0 0 O

€9 N e3 = —egz/\ey= 0 0 1 (234)
0 -1 0
00 -1

esNe = —e Nez= 0 0 0 (235)
1 0 0
0 10

egtNe, = —eyNe = -1 0 0 (236)
0 00

i), MR HDIE3IDOTH B,
ZDOL IVHE LA E DRRIT (232) oHSPTIED B P, AR 1.1.34 TEES
NRBHFRZREZHWTRETE 5,

3 3
("(a x b)) = Z €ijkEkimWbm = Z (0itGjm = Oimdjt)aibm = aib; — a;b; = (@ A'b)y;  (237)
klm=1 I,m=1
72DT,
“(@xb)=anb (238)
cELZENTES,
1 o :
(aAb)) =3 Z €ijk(ajbr — bjay) = Z €ijka;be = (@ X b); (239)
Jk=1 Jk=1
72D T,
“(anb)=axb (240)

LELIENTES, ZDOXDIT, MEIZEAEHZ T IUHEIZERO TSNS,
AFE L FRE, < XOREICIX

aAb#0< akbldiisr (241)
EWSHEDD B,
[FERE 14] AE A ST EINREIEZ S U 7281 1.1.4.5.2 OREICH > 72HE R %2 < S TREEHWT
HEELU U TOEERNZ R,
(1)

a,-b; a;-by

A (b Aby) =
(al 02) (1 2) ay-b, ay- by

(242)

(a1 A\ CLQ) . (bl X bg)

2
2(0,1 X CLQ) . (bl N bg)

BB, HUO || RIFFIRTH B,
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(2)

2 1 ‘ _|a-a a-b
la A b] —Q(a/\b).(a/\b)— boa b.b
243
= la/*|b|* — (a - b)* 29
=(aAb):(a®b)
[BIRE 15] N2 MV 3HEEIL, K TUOBEZHAVWTUTO LS IZEIT B Z L &R,
(axb)xc=—(aNd)-c (244)

1.1.4.7.2 NI NLEBERABTVYILDBDL STTE RIZ, XZ ML a & 2 BEEATRT
VYL B OO EVEZEFET D, BREICODVTKUIMIARE ESIZ3BTF Y ILEES,

(@ AB)ijk = aiBji + a;By; + apBj; (245)
ZHLTHLE, 22X
(a A B)jix = a;Bi, + a;By; + aBji = —a;Bjp — a;By; — a.Bij = —(a A B) i, (246)
BREMNS, TNBRERKNRT VYV THE I ehnnd, $hbb,
(@A B)ijr = (a1Bas + a2 B3y + agBia)ejn (247)
THd, HDHWE, BAEARZHVIUL,
(@A B)ijk = (a1("B)1 + a2("B)2 + as("B)s)eijn = (a - ("B))eijn (248)

LHELIIENTES,

1.1.4.7.3 32ODORIZPMILDLEIVTE 3200RZ MO IUVHEIZ. FORZ ML E 28K

HNERT >V IV DE D T ORH» S HRIZEP NS, KD THL &
(Cl, AN (b AN C))ijk; = az(b AN C))jk + Q; (b VAN C)),Im + ak(b A c))ij (249)
= ai(bjck — Cjbk) + Q; (bkCZ — Ckbz) + ak(bicj - Cibj) (250)
= aibjck + biCjCLk; + ciajbk - CLZ'Cjbk; — bz-ajck - cibjak (251)

Thb, AT
(anb)ANec=aAn(bAc) (252)
THDHILHELIENTEDE, TIT, K EVCHEIZIIESHBEKDIDZ V015 (MFE
TIER D S22 o2 Z 8 2 BWHZE S, K SUVHEDOAPMEL L /L ULTOMEENEW, ),
U7z23-> T, BB DIHF 2 R H#HIIIEERK L TRV,
B EHIBRWET3DORZ ML SVFEEEL &,

aANbAc=aRbRc+b®c®a+cRa®kb-—a®kcb-bra®kc—cb®a (253)
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L%, TNIRZBRKNIT VY IVED T, MNLR B3 IE—2 U 7en, TNERODTAHAD L,
(CL AbA C)ijk = aibjck + bicjak + cl-ajbk — aicjbk — biCLjCk — cibjak (254)
a; a; ag
G ¢ Ck
ay ag as
= €k b1 bg b3 (256)
C1 Co2 C3
LB, Tk, REBWIZAA T —3ERELEALHDTH S,
BT VYN TIROWIEEIL

e;NeyNes=eyNesNe =e3 e e (257)
= —61/\63/\82:—62/\81/\83:—63/\82/\61 (258)
= (€ijk) (259)

T, W RE0X 1 2Thb, 2k, SEEERAMT VY ILVORETEH S,
DL XIVEE AN T —3EEEOERIE. 1134 TCEHBEINZEMENZEZHAWTRET
x5,

ay ao das
(*( a b c ))ijkzeijk bl 1)2 b3 :(a/\b/\c)ijk (260)
Ci1 Co2 C3
ANDNER
“(la b c’):a/\b/\c (261)
LELZLNTES, MU
1 3 ap az as ap az as
*(a/\b/\c):§ Z €ijk€ijk bl bg b3 = bl bQ bg :‘ a b C‘ (262)
Ciygk=1 C1 Co C3 C1 Co C3

L%, ZOEDIT, AHT— 3EMIEAMFEHEZETY zv VRICHEBRDIT 515,
AT — 3EMEFR < TUHITI

aNbAc#0& a,b, clEAREIHAT (263)
EWHHEEDRD 5,
1.1.4.74 <K IUEEAVTEIL—XRARREMREC IUOHEDAFE LT, — R

ADEDANTH S Cramer’s rule DEHLH B, EDXSi1z< éUﬁﬁ%ﬁ‘ﬁUJ‘tngfbfL\
5E&\VWHZ &k, Cramer’s rule TIEfFAAZHVWTWAEZZ L2 BWHT L, ZNATETHREA
BIERVWEANRTETHAS, KSVHEZHAWSE, UTFNICRS L5112, ffRIZARPEHRTE
TLES,

ToOL3IRTRI MEZEZTWADT, ZITHEZHDD 3 EN AREANZT S, n oo

SMARRRICHHRICHETE 5, 2,y, 2 Z R E 3 58— RFGREX
ar + by + 1z =d; (264)
Aok + bgy + oz = d2 (265)

asx + bgy +c3z = d3 (266)
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RS 2 2FE 2L, TNETNORITHEZ T T

a1 e1xr + blely +cez = d1€1
as€sx + ergy + cheqz = dgeg

asesxr + bgegy + c3esz = d3€3

3 3 3 3

a = Zaiei, b= Zbiei, C:ZCiei, d= Zdzez
i=1 =1

i=1 i=1

ra+yb+ze=d
L72%, AL bAe LD SUHEMED L, bAb=0REZHNT,

raANbANe=dANbAc
LB, WMHIZEAEHZEZEHIES L,
x‘a b c‘:’d b c’

U7z -T

2135, FERIZT L

b, ZHlE Cramer’s rule 1272 5 7220,

1.1.4.8 HNEEHAE (KSUVHE) &7V VILEDEHND AR

42

(267)
(268)
(269)

(270)

(271)

(272)

(273)

(274)

(275)

(276)

(277)

NREE AL, BERETOMICHETL B ESITE/RAZEP, §TIZ 1172 TRZESI1T
PUTCEI S IFHRIZHTL b, TN E T VY VEDOEER RS WD EEN S BRIZH

T %, TNZRTEI D,

1.133 fHiTiTo7= 28T YLV T OBNSMET=A+B+CIZEWT, &I,

DRIZMILDOTFVILMET=axb Thd&x,

1

C - gabﬂ

TR =D

(278)

(279)
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b, K IVBEANBEPERIZETL %, 22T, | IZESTF Y LVLTH S, NREIZETRIZ
WUTAN T —D LD ITIREV, AEIZAHLIZE L TR MLE UTIRES,
DWTIZ ALY TEIEDILEEZTEI D, ZORIZIIFEENIS DDEDH 5, 5
IO RIS

1

a@bz§m®b+b®ay—gawm (280)

CEE INEFARCABEEERZLIZLED2, ZORIFEIZLFTEOWVWTES T, RIE
NEVWEDESITEHEMN, BT LE TS TIERN, =& 218, BRI TZFIZEIT 5 Maxwell

STV,
1 1
— | B B——le) 281
- (BoB- 81

EETLL., MEDOIZIZBITAEEE—XA Y b T UYL

[l e v}

L& 5,

1.1.5 2TV YIDEXE. BEE. FEE
1.1.5.1 BSATVYVILEERA

BNZ T TR T YV IVICBER U EEEZ L TWB 0, T 7 v VIV 2 RIZEE
LTEI D, @k NZETId MMEOE2EZDBER D> T, TNeRIT B0~ hL (B
MY 720 DN) o ZEHAT D, KIT, GHNZ MVHBIERER T MV n IKFT 5 Z AR
INT, KEDLESTH

3
n) = Zaijnj (283)
j=1

DEIITRINDE, TN, FRERT NADSIEHARY MIVADIRIEEBRDIE%E L TW5 DT,
ZD (0i) DRZITT VYWV EFD, & oy ZIHT VY IVDEG EFATZDTH >, I
HT VI IIVIGEENIRT VY IV TH 5,

[EE] ST VYV IVOEZRDLFIZ X > TlE,
3
= Z n;0 i (284)
j=1

LELSIZEEH D, REHTIE (283) DEREZHVWSZ &I 5, LU, ATV
TSI T VYV DT, EERIZIZELSDEHZLZHAVWTHRELI IR S,

NI TV IVEBIRT 2DODBE L, $IULTHOND RIS ameME L UTHER
Vﬁ %T?%&%L?é%i&b#k%zf&é [FIHRFERRAE BT K > TR T v YV VD
o=

3
= Z Rikleo-kl (285)
k=1
AN DN TWBEETIE WL, THTEH—BKIZfibN s ENnn
2L2EY %O dWEIZH R AT, BFRIZART 2T TAz, FEHZZELTE D045 d $i80 & 5 I2RE S,
ALEERTGARZ MDD ESIZEL DRRVDLELESN, ZZETHEETIZ3RTT VY ILE LT,
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DEIITETEDOTH o7z, ZNEFFIOETEL L

o’ =R-o0-R! (286)

EEFB, —H, MERETHE -7 (XTD) HEz L, ERFTTANITERITIICE > T
WA TELDTH 7z, LOREGHEEEHBORIEZL 15 EFDIIBFEZLTVWENS, o
XTI DI RS R EEA R R 263 HABTZ e TE 5,

T D & D BEREABORE RS S N T8 U\ BRI % IS A DEE, 01D % EISA &R,
INIZEo T2 ORI KKRTEILENTE S,

ETVVNLE 2BONFRT VY NVEDPSEIBOBIETCEDEME TEEZRODLIENTE S,
I b kR (oG EY) cRLffbNh s,

1.1.5.2 2KEFVYILDOXE. BEEE

2PERFRT VLTI, ETRZKDIT, FHgBEZHUZ K> T, T YV IVIERARIZR 5,
F D& E DA FE, KD % EE LS,

MR O XX, FEPEEEZ RO DI, TV ILVETHE L THR> TEOEA
HEEBRZ L ERDIIXE N, T2 VIVBHIRT VIV TRIFIE, [RIE A X -
TiFRMfETcERVWINE S, 7 UTHEEMEEEENT PVIEKRDBZ LN TE S, £h
22TV ILVOBEEE. EBENY MLEER, T2 TEfznwh, ST VIV ThR<T
LEEME, FAERXZ MUVDBERRIENRHLDT, AT VY IVIZREETIZHEZ2ED S,

(B8 16] 2 BExifRT > VoL
311
T=|120 (287)
10 2
DFEM, BLOEEZ 5 2 5175 R 23K &,

TV ADEERY MVIE, 0 TRWARZ ML p T
A-p=2\p (288)
Zlii7zdHDTHO. N ZEAMELIESR, ZoXzHEHET &
(A—\) Z pi(A—=X)-e; =0 (289)
B, ZDZEiE, 3DDRZ MV (A=) e, (i =1,2,3) PP TRWI LZRLTY
%, LhoT,
(A= AD)-e] A[(A=AD)-es] A[(A—N)-es] =0 (290)

ThHhs (BBLAAIDZLIFIANT—3EMEM - THRETELN, ZZ TR IUHEEM-
THz), IThEERHTE L.

N(eyl Aey A es)
— M[(A-e))NesNest+e AN(A-e)ANes+e AesA(A-es3)
+ ANetAN(A-ex))AN(A-e3)+(A-e)NeaN(A-e3)+ (A-e)N(A-ey) A e
— [(A-e)N(A-ex) A (A -e5)] =0 (291)
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LB, 300ORZ PLOL SOROEETHN AL DI 1 D71 (e1 Aey Aes) Eorzin b,
ZZTHTETWAREIINT

(A'€1>/\€2/\63 + 61/\(A'eg)/\€3+€1/\62/\(14'€3)

= Ile1 N ey A es) (292)
egN(A-ex))N(A-e3) + (A-e)NesN(A-e3)+(A-e)N(A-e2)Nes
= Ilsle; Ney A es (293)
(A-er) N(A-ex) N (A-e3) = Illsle; NeyAes) (294)
DEICEFBIXTTHD, 72770, Ig, 114, 1114 1FET, TNFNT VYL A DE—FE
2, FIFREE, FE=EFEELEINE, ZH5FELS L, KDoA (291) 1,

N AN+ T\ — 111, =0 (295)

CEERBTILENTESL, TNVEEARERNTH B, 1THOMEREOHEISbRE LD
. EAEEREE AGRENIEERIEFE L BWIETOEDRDT, 2 ZITHTL 2R8I ERE
BEIZE > TEDSIRN, TIT, g, 14 1114 EAEREEFATRWI 225, 2D,
INODPRYBIIAZERETHDZ L (22T, EREEEZHIZTUTEDSORVWANT T —TH
VWS k) b TCTHEMKID S,

1.1.5.3 2BEEXIMTVYILOEEE FTEHOKEMZNER~MEDOLEFDKRIR

ZIZTIE. 11248 TR AR ART >V VIV RFIE LT, F4EX il 8 0 7 Eik %
EBEZTWI D, ki, —RICITEMRLRER 2T 2000 s, EEANOBUNERDZ X,
MMIPETL TR TEZ 2D THo72, 2F 0, MUNMIKTHEZ LR, EHEIEITILITE
DEEIBERIEZLEZEZTLVDTH -7,

ZDESBREFRAN T VIR, —RIZIZEABIEDO 28TV VIV TERWDEN, ZIZT
2B EMNFET VY NVRED XD BERZRT D EEA LD, EENRT VL EE TX
TOEEEPEDHFRT VY NDI L THhb, FMHEAFRE WD DIFEZAERH LWL S ITR XS
NELNRWD, FEIMEED 28T ¥ VIVBREMERIRT VIV EBERT VYV ([EEET >V V)
EDEBTRETE DI bhroTED (W), —MEnicllAariZenTtcEs (22
TIEEH L 22\ ),

WHRT VIV S iF, EERATHTHALTED L WS Zen s, BEERNY MIVIZIEMER RS
FMUVOMIZELZ ZEDTED, TN%E p;, Py, Py EEHL TNOITHIRT BEAEMEZE (M, X, \3)
95, EAEMIZERTHD (EMHRSIZEDER),

S(p;) = \ip; (296)
ZOET, R (201) VWS L, £EORY ML w LT

3

S(u) = S(I(w)) = S(Y_ (0 © p;)(w)) (297)

i=1
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/‘
N

1.14: 2 RITIEMENIRT >V IVIz & A A DOZEF

b, ARz EDD L

S(u) = ﬂ;}ummm (298)
= il(u-pi)s(pi) (299)
= i&'(wpi)pi (300)
- i&'(m ® p;)(u) (301)

MDD D05, LidisT,

S= Npi®p) (302)
=1

CELIENTES, TNERRT VY IIVOEHER R NS, Tk, FifiliZ Az s &
AT D EE > TWAZIFEDN., EORRIFEERIOE D FIZIHMKREL W, X512, Z
ZFTlE, FETRLSTHALD LD,

T, ZHOFRRTAHE, MERZ ML u id, FESRET VIV SIZEoTEDLDIZEE

NEENVWSZLIZRBZTHAIN? LOFHEOEHPTHTS 2R ED
3
S(u) = ZAi(u'pi)pi (303)
i=1

EIRBDT, BINEZANT MUE, u % p, AFAICHELZED0Z N\ ELTroAKLEZED
EWVWDZ LI B, N> 1 RSIEED p, AARNCIFHEL, N <1 R5IEZFD p, AANTIEIL
g Bt mB, BAERIZ, BOEIA (A, A\, \s) OHEMKIZR S, EMIFTRT >V LI,
ZDEIBREAZRBLTVWS, 2R TRRTIE K114 DED D, Zhh, Eife
FEDOKMFN R ZRTH B,

[BIRE 17] 2 K5t D 2 BEFET > Vv

1/ 13 3V3
T:§<3\/§ 7 ) (304

MWEZBEIZE > T, BAMIZED LS REHIZER T 50, TOMEZBMRE X,
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1.1.5.4 2T VYIDREEZD 1
FIZHTE 3 DDA LEEE BRI TRLTAD, £,

3

ij=1

ThdILITHEET L. B—ALE]T
(A'el)/\eg/\€3+€1/\(A'eg)/\€3+61/\€2A(A'63)

3 3 3
= (Z Ai16i> N eg A es + e VAN (Z AiQei) N es + e ADWAN (Z Ai3ei>

=1 i=1 i=1
All(el A €9 AN 63) + A22(81 A () A\ €3> + A33(€1 AN €9 A\ 63)
= (All + AQQ + A33)<€1 VAN €9 VAN 63) (306)
&0
3
IA = All + A22 + A33 = Z A” =trA (307)
i=1

EELIEWTE S, [THIHGECMM->T, TNET VYV ADKML—R (B (BE)) &IFX
nd, BoALRIZ

erN(A-ex)) N(A-e3)+(A-e)NesAN(A-e3)+(A-e)AN(A-e) Nes

3 3 3 3
= e N (Z AZ‘QBZ‘) N (Z Ajgej) + (Z Ajlej) ADWA (Z Aigei)
i=1 Jj=1 j=1 i=1

3 3
+<Z Aﬂei) AN (Z Aerj) A €3
i=1 j=1
= (AgAss — Az Ags)(e1 Nea Nes) + (A1 Ass — Az Ass)(er Nex A es)
+(A11Ags — As1Ass)(er Aea A es)
= (A11A22 + Ago Az + Az Ajn — A1g Aoy — Az Ay — A31A13)(€1 A ex N\ 63) (308)
£0

I, = A11_A22 + AgpAss + Asz Ay — A1o Aoy — AgzAgy — Az Ass

1 3 2 3
=§(2%>—Z&Wi

1,7=1

1 (309)

LELSILENTE DS, BEALEI

3
= ( Z EijkAilAjQAk:a) (e1 Ney A es)

1,5,k=1

(310)
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£0

3
I]IA = Z Gijk:Az'lAj2Ak3 =det A (311)
i5.k=1
CELZENTES, [FHHEIZM->T, 2TVl A TR EeEENS, Z i,
1.1.461 HiTRZEL 21T, TV ADPERART >V IVORHE, BRI X 2K ILRE & »
D RAE R ERDBH DL ETH D,
TS DAL BN AL FEIEA AR L\ & &2 [EEMED O K S, (85 R

3
= Z RikleAkl (312)
k=1
MNLUT, B—AEE, BoAZEX
3
]1/4 = Z = Z RszlAkl = Z 5k:lAk:l ZAkk =1y (313)
=1 i,k,l=1 k=1 k=1

1
Iy = 5 [2 }{:14;xg2

i,7=1

3
1
= S |A- D, BaRpAuRjnRiAm,
i,5,k,l,m,n=1
1 B 3
= 5 Z 6kn5lmAklAmn
k,l,mmn=1
L Apm A
m,n=1
:[Q (314)
LIBDT, AEBTHLIeWEIDONT, FEALEIZEL T, FAROBEAR
det(A - B) = (det A)(det B) (315)
& FEREAEMATHI DT
A=R-A-R! (316)
EEIFBZLWVWSI IS
Il =det A’ =detR-A-R' =det A= 114 (317)

Ehh, REETHDLIDEIPD SNz,
BBIZ. BRI EZ LEZT Y LI LT, 3SDODARZEDREZRDODTHZ

WRTIHDORDOT VIV

A 000
A=1 0 X 0 (318)
0 0 Xs
DL E,
In = M+X+ 23 (319)
ITh = Mo+ Aads+ Az (320)

IITh = AAohs (321)
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ML—2ZD 0 ORMBTV VIV JEIET 7 D& D HEGAE.

I, = 0 (322)
1 3

I, = —5”2:1%]-——|T|2 (323)

111, = dett (324)

1.1.5.5 2T VYILDARLEEFD?2

FTCHTEERZEDMRDDIZ, 2BF VYL A DAZEEE UTUTFOMAHELNAEZ &
5,

3
Ja = A=) Aj; (325)
i=1
1 1
JAZ = 5131"142 = 5 Z AijAji (326)
i,j=1
1 1 g
1,7,k=1

ZZT, ADREFEIL, AL UTDOREFEERT, Jay, Jao, Jas DALETH D Z &1L, 17
DRV —ATERINTVWEIENSHONTH D, WNIRT UV IVTIE, Ja 1E0 & (170)
TEHRINEZTVYILDREID2FIZHL L,

BT RD 1A= L DRAfRIE

Iy = Ju (328)
1

114 = §(J21'—'JA2) (329)
1

I, = EJ%——JMJM—FJ% (330)

AN

78 18] 7 — VU — - NIV b rOEHEZHANT, A (330) 2ElT,

1.1.5.6 AZEDYIBZEADIGH

MEEGRTIX, FAMNBYEOBRSM 2 RIS 5 DIRAISNT DAL RZMAGDEZE
DODHRHWLND,

1.1.6 HEBRZICEWVWTARY NMLIEFEET DM

INETIE. AT PVEROFEEZHE DRI TICHERL TS, BIEIRZ 620 4R
LEINTEOWSRW, LU, MHZOMEZHMEICES> 2952, TNTER-72Z
ENHTLB I N H B, KTH—IT, WHETH S X7 MVICZYBERRo? (A 235
BrzrziE, TRE ) ONG, WHE, BICRIELERN, X2 MVEROIGTL KT 572012, 22 TRY)

HHPRIE LA TE L, WKL &R 72700 2 2 id, BT THRE) LIERZ L9 5, ZhidR2 MLZERHO
RICEIFRAT S Z i3 AL CRIEA 02 01E, EaRoc L ESins), TEYEKRIG] LIEEVnI 56\,
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Ay

o’ x
X 1.15: SEAFRBENC K B 6ENR S MLV 24k

%o WIHEIRITGHIE S X7 MVIZES RXRZ MVERIZET S Z X 50DHRKRES S, 57
He, 722X, AHEEIE rxp DL D IZER S WBERGCE o727 MVOBOE IR, 5
BRI MVEBOTGOBOEEL EZEZ VW WTRLRS, B2, 1L.1128TFE%2L
THWEIIT, ZBR D BHEEHZEREHIZES 2w eE, LR TRA L5112, Wb s X
I MV IZE2BEDH > TENSWMEATVAIHRZXAI LN WTFRWE WS Z &t b,
ZIHO5WVNoZ id, HREIEKRIZUBRSTHEHED IR ZWITINE, [T 5 eI hn
HEWVWSZEEH D,

mEB. ZOHIOHFEMRITTERITIFFAL TVWRWESEZ W\, BeREmEHD ZVWHIE, &0
FUWHEHAZEZATWZZE 720,

1.1.6.1 YEBE[ET7T 71 VEME

RN EOYIIRZEM* 2 E XD, ZIIZEERE —DEL,

ETUE. MERT PVEREIZU &S, BEEHIZNT 28 8% R AV MILTHER S, Z
NECTHEHEZERE LTI, EHUABZIRP>TDEDN, ZHETBEIZIMATAL S, A
BHEOGE, BEAHIIHR T IMEREZLZ DL \WD 205, AT ENIBRER D X
EEBPTEVWD L THD, THE, MERY MVIZK 1.15 DL IZEKEHINEDLS, DF D,
MBERZ MVIE, BIZE/ S VDBEE H2EAEITTERANREDL>TULED E WS EEONR
Z MNVIZIF B WEBELRH B, FHEONRT MILVDEGEIZ. TORHNEARTHZ L THIE, £/
Yo L ZBBR R WIETTH L, T/ P UEBLULTHET S LTHEMIZEDS R, £ T,
HFEDEREZRETIEI<SEBERNT MLEREXI ML (BEXRZ ML) 205 EWHTRI
295, WHONT MVIFEHEANZ MVT, Y2 %2508 5 BER DR MAOBENZ XL - T
KHINPEDLSTUEIRTZ MILVEFEARI MILEE S, TOEWHTIE, MENRZ MUILEME
R MVTH DB,

UL, KEHIZERELERZ L, fBEXZ ML EXRT MLEEESOEFFEFNREN, T2
T, JEIEFSIZED ST TERE D 2D TR WD S, MERTZ MVPEAIFELIZLTL
FoEMEEZRDI L DD, TOLOREMET 74 VEBEWD, 771 V2EEIE. K
ERT MVTHEB I NS, BRI MUDPOFEEEZEALTLUES7ZL DR THL, mEmE
KHITHEATZSDIERTZ MV TH S, YHIRANC I, BEFRAPHE TS5 Z 23w, i@
RIZ MVIEEDE (TROLELEPSEADKHIDE) TUAHETIRWSAS, ZTNTHSTH

Mg 2B e WD L&D 2] D L 7Zh, —fRDORY PVZER & KT 57212, I 2 TIINHEZERH] & T
ATEL, BT T2EH] SIPRE EE, N7 MVERE PERB DR DIVZER & H, AR — R 70 R % R o
i BERERTILIZT S,
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5, ZOEDIZTUIMENRY ML EELS U TYHZER 2R TSI 2N TE 52,

ZDOEIIZUT, WHERIET 74 VERE UTHRAD I DN TEDL LN oT-, T
W& oT, HERZ ML WIS EAEIZRZIETTHS, LIEFESHEDD, AERT ML
EHEODRNERFRI EEL VDT, AN TIXESERZBAENRY MVIZEMERZ ML TH S
T EBHBUILIZAT, olE0MERY bLVEMHS, -2 213, AEFE rxp (rlIMENR
7 NV, plEEFHENRY ML) ENEOMM k- r —wt (B IZIEEARZ L, w IZEEER, ¢
i) DX REDEMENRT ML r ZEDOTIHHEICES Z B TELDEA 50 2MENR
MV EMoTE, FROBEZE 22T X, FETEZ 5250,

EZAT, BERY NVEBNT 71 VZEFOMHEZFRF > TWB EEZH0nE 5 0E BlRE
W, WM EER T SRERDFHMOBH ZEZ BB, HERT MVIFHBEANZ MV TH
%, UL, HENRT MVEMOBERDEGBEIZEZ 52 TE 5, ik, HOEN
RIIBD L VWO BIEICHIGT 5, BERZBE > THEYWHENNIIZHL 52D T, TOREKTIE
HWENRZ NVERE T 74 VEMEE 522 ETES, #HERADEZA, YO LD G HER
DIRFHOBENZEZEZ BT, HEHRXZ MLEPFERT ML EDPWVWI EVWHIFEDLS, £5%
ZATCHDE, HHARZ MILVEFMARZ MLOXHNZ ZNIE EERITENEFMZITEZ 5,

1.1.6.2 RERZ MLEOARY ML

1.1.6 HiLART X, MAEAH L UCHELZLDE XTI an o720, SEIIMROZISHE X TH
5, T2 ZIX, m BALTREPA>TWAEZD%Z cm AL THIA XS IZEFET WS 2277, £Z2
THREZEZTHAD, SETCHENO0Im ERTWZEDF, fNZ cm BAIZT 5L 10 em 12
mb, $HL, BX 0.1m OYMERRT MVIZEZ 10 cm OYHZER T MLIZik b, KE
TERTHFIIKREL RS, —H, 20rm™! DRZIDPHEHRZ MV, MER%Z cm BALIZT
5L02recm DREIICRD, REIZRTHFIINS LKL, b5 A, YHARITTHH
BOBRIZH BRI NIVERS Y DETE WZIXYZDETTIEH B, WA T bL & ZERIR S
FVIFERBZRZ MVZERIZBELTWSDTH 5,

N, IR 7ZEETH S, F—IZ, MIEOEEIX. X7 MIVORD O A% 4 Xk,
RZ MK S THE UL TEIT TOZDIZK U, MROZDBEIELE S IZnhrinsnws Z
EThbd, FolX, NEOMETH S, HEOMMIX, &<

6=k-T— wt (331)

EWVWSIETERT, TIT. o l3NiMH, EIZEEANRZ bV, v IZMERT MV, w IEEBFEE, t1E
Rl CTh b, ZORITITZAEIFDLNT WS, H, BEIZEZIE, ARBIZEC X2 MVZERO
DRI MVOBITUNEHETERY, TIZT, NI ML AR Z2RDTEZIET HE
WHTL 57,

ZIZT, 112 MiDERMNBEILRD, TITDEZHTITIHE RZMUMRSAHTT—AD
MBI PLEEBEZSNEDTH o7z, LU, SIEHNENEETERVWDT, EEHE
SHBEZFELLZVWESIZULTHEANSEZEAETHBRENDH S, X (331) OALDHE 1IH (JEOAL
D & 5w D — W DRET-)

k(r)y=Fk-r (332)

X, MLERZ MVOKIEETH D, T OB k(r) Z2IE AT 221295, 20k, K
ARG NVERERZ 12T 5, ThHbE, XTZ MNP AN T —~OFEEEEZ IR ML &
MERZ 21295, BFEMAGETIE, IR MVZEMIERZ MVERORTZEETH 5,

B zIE. TV TER - B - W) 21
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IR MVERIE, R MV S AN T —~DEABERI L TEMTH 5, RO AN
T—EEHRIZERTELDS, ZHUF—FHORZ MVEBITH S, BB RT R b L2EH
MANT &> & ﬁmﬁmiﬁ#t 1D L ZSTlEaw, 1113 STHILUZ X D12, R WS
HIRD D B 7212, FRFIBEBUIIIER 7 MVIZH T AERA S Z 0P NET R THORE 05 TH
%, b##of %@WWAﬁ%w®3O®ﬁEN&F»’ﬁ?éﬁ%éib#%ﬁﬁw®T\

/km: fTHsb, AR, IR MIVERINED & S REMIZb0%2 RTPLDEL, TD

BIZALENRZ VRO HFRED X SRzl & D IH5,

ﬁ%Nabw@N7bw%%@%E%u@:Lzma%<:zm?50qa%#@#ot

DI, EHER LIRS BW—ROIREEZIBTILICILZWVWNRSTH S, MRE2EZDI L%
EZTVWBDENPS, BT UBHBIEINTVWARVWI L E2EZZ RV WITRWL, DWTIZ,
BERXLULTWRLSTHERWI LIZT 5, 612, BOMHEE LRSOHRATFOMEZ EAFEIZLT
b5 (AT %E LI 2B, 1.1.64 HiTHAT ), LT, MEXRT MLE

r=>Y rt, (333)

EEL, 2O, Wb olk, YRR i vt IR 5D, BHIK ¢ IR 500
WD THD, HENFKELREE e; DRFIE, HEORES I IFHRAMIZ 1 2WnwS 2 &Iz
L7720 T, WERRTCIIRDDHIZHBEEZLDNEDITHD, —HT, MROELLE
EzHeEF, EELPE/ NS ZEIZLAEVWDT, EEICWHAR T ER T (&
AR Im ODREIDHEERT LR WS ELUT), ok nws 2 eizlzwn,
ZT, K#EETIE, HEZ e, &EL LS, BRI E2FF>TED, HEL ¢, L&
& EiE, RAIXERTTORREZHEND ZLIZT B,
EDESITAIENRY MVZEREBRE U, IR FIVERORE ¢ (ZHIEBEBTH
%) %

¢'(t;) = 0y (334)
EH-THEL, MHIXERTTRD T, TUTEH OV T2 KD &E D & Rt E A O B
Thbd, ZOLE, [TEOWHIL, FREENS

k(r) = ;i;ka¢f(r) (335)
S 0
_ ikié (337)
= Zgjk:jrﬂ' (338)

CELZENTED, ZOLE, WHaIRT MIVDORES I
ki = k(t:) (339)

EWSERIZH D, A (338) 1. R URAFDEI DEZE DT THIZE > TWSDTHED &
STHBN, WHVET HEMEAENET 22 MAERR S DO THRETIER,
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X 1.16: FEMAHE DR AR MIVDA A=V Th D, FfhifHiiz 1 27 B EITHiK & &,
WEIIEMATE 2 X7 ML r D3] 5 72 [z 722 5

B YT, Dirac BREHLZT 77y FlEEZHWS Z e H 5, THE, axT b
W (k| DXDIZREL, RZ MVE |r) DX DIZRTEIET, SHIZ LTV BEDMEDE

Al
= (k|r) = j{:A:rﬂ (340)

®;5K$<:tﬁﬁ%éo%bf\Aabwéﬁv%\3A7hk%75&@$otﬁb\:
DT Z7y FEERREEMRDIZ, NEDD ZEEBUIEEI N MVER (=%
Z2f]) DIBETH 5, TDRIETHRELZ EZ2RIT 2 OEFHBIENENDO T, 3 RIG2EMH D8
IR MLV TIRD F D bR,

PEDZ L ZBEEXT, AT MLV EESHBELESRWIEEZX S, a2 MV k(r)
EWIHINAHE G BB 72005, MHOFMEE CHRT 200> HATHS (X
1.16), FAifHEZ 1 V7 B ST & &, WEIXEMMM 2 X2 MV r 23EY] - 72 [
2725,

1.1.6.3 ARV KILAERY MLERUCBICHEL

R ML arRy MVEITES ZEEIZET S EIFVA, PV EROKHZH S\
HEHbB, AR Mz, HIEPERT MVDOZEMOTLTH PO LS ITHEELT, RIOELT
W<ZeaEZLS, DIF, a7 MVEMZHFIIZLTEZR S,

IRY MVEROREE o [ZHeT 2RI M n! 252 %2EX 5, TD X5 b
Vi,

LIRB XD ITFENITR L, TR ot
i €ijkl; X T

== " 342

tl . <t2 X tg) ( )

DEDIHEBLZEMTESD, 72770, BELAZTNE RS WD, ¢, DEX DY
For & n ik, RIOFHEVOYHRTEZR > TWEE WS 2 THhD, Lo T,
FEEIZE 2L, FUARZ PVERIZIEWZRWD N, EORITRKE-> T, FUKOHFIZHIK Z &
MTEEEDEMEDL LN TE S,

Z®D ET,

3

k=> kmn' (343)

=1
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LEHETNX

3 3

k(r)=k-r=(>_kn')- (D _r't)) }:kr (344)

i=1 j=1

EELZENTE S,
%fﬁ)i‘%a’: SZABZLIRUTOEDIZREINS, 72221t OEZ2ED5 L, n! DEX X
MIZRIHI L THO B LRI, AENZ FLVOE 1RSI AREL R0, a2z hLo
%Uﬂiﬁj\cid\é<ﬁéo ZOESIZLUT, B/ Y YVOMREEZTERIMNIZEDL SR L5,

ZDEIIZUT, IR MVEROTEH-PHBMNERT NVEOTLTHE1D LD
BT E T, MENRY MIVERMO BIZRIAZHECTRES Z LA TE S, InD, EEEE

WZHEBARZ PV LTHID» NS D TH S,

B2l S TH, PRI MVEROTLEZRINELTELSZ TS HB, & XIE
E AR EE0 XAREr OB 2R U7z Z 2 23BN, ¢ (i = 1,2,3) 2FEET (EEET) =M
DHEHARRZ PV T B L, (342) TRIND n; (i = 1,2,3) IFETEHEOEARRY ML TH
52 EIZEMLEA D, BT EMIXIEEDOEMABDEN S, YRTH D, Wi T2 1L
T (BEEKT) EEOPSZEMTH 5,

1.1.6.4 2ARY NLDRLD D EEREZ
RIZ, ZTDART MIVDSD DR ZEZ 5, 5. MENT VI 5 B %

3
’l“/i = Z Aiﬂ"j (345)
j=1

eEL Ay BEREZHOITHT, ERITH RSB, IRZ MV

3
> k= k! (346)

27U TWVWRWEWT RV S,
}{:k¥ r _.j{:A:r (347)
i,0=1

TRWEWTRW, =0y (k=1,2,3) LBELZ&IT&D,
3
j=1

UL7=Mo T, aRZ MLVORKS DRI

3

K= k(AT (349)

J=1

b,
— /T, HEXRZ MVOE#HAIERDTEZ S, EHERZ MLk

3 3
D oty => "'t (350)
j=1 i=1
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27U TWVWRWEWT RV S,

3

3

ij=1 i=1

TRWVWEWITRW, =0y (k=1,2,3) LELSZ&IZXD,

3
ti= A (352)
j=1
U7zhio T, FEEXRZ MLOZEHH|IX
3
th=> t;(A); (353)
j=1

EB, ZHF AR MIVORSDOEBAILEUEZ L TW5S, FHERIZTNIE, a7 bLzE
FIDRERT MLz o (ZHUE, RS E BRI MVZERIPRS A T —~DEH) L FEL L&,
ZTOEBHNI AR Y b V2RI D L5 D2 #H] & [6 UTE D

3
=" Ay (354)
j=1

2725,

IZEFEEPORT VX IRT MIVOSARREDRA T % EIZMNIT7Z0 MITfHF7Z0 LT
WADIX, BRI 2FEH LI L ZHRTE7-2DTHD, N7 MVDRESEHEU L D ITE#
TEH2ELEDITE ENZDORAFE2MNT, TOHTHTEBMINDEDIZIE I EDORAFEZA T
H5ZLIZLTWz, WRTEL & EITE, BRAFED LM EOHIIMIZAER, FRFE DG I
WARBEDWEDSTHD, ThbH

r ¥ ¥
" | =Al r? o2 | =A] (355)
3 3 3 3

755 NT

(kgkgkg):(klekg)A4 (t;t;tg):(tltgtg)A—1 (356)

1.1.6.5 HNREZMICBITIRERSD &EHETKRD

WREPNER I NZZERZE, XZ MLEIRT MVITHRETEI L TES, 7. FHn
e LT, EREREEZINSSLEG, NEZEHETIE, —KOXZ ML x 2

3

3
zc:acl:w-Zei@ei:Z(w-ei)ei (357)

i=1 i=1

Thbb, x DEE e; IZBET 201X

T, =x-e; (358)



R MVvEeFrYr (EHH) v8.02018/03/30 56
LELIENTERLZLEZAVWEZES, LAL, —OREETIE

3

T =) a't; (359)

=1

3
n=x-t = Z:cjt -t; —Zgﬂx —Zgw (360)
7j=1
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HEFH 1 & 2t ZlEHERSNR N, UL, BT INT MVOBEDRHIfE S 72 (342) TER
b nt 2z IE,

3
=) zm (361)
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VOHREHD EIED, Z3D5D zt X7 MLVORERD &R, 1.1.6.4 fiOFHHEIL S5

G %imﬁhw@ﬁftﬂbf@ SHZHES, FOREERT [HZ] N5, Zhizx
U. ZOFITHITEMT D o' % [RE] EIESIR6DULIZKR->TWAS, XZ ML x &y DA
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i=1

i,j=1
LELIENTES, 757y MRETIEH, R l\)l/y % |y NI MLz It ary
ML S apt & (x| ELZ IS T,

(wly) =x-y (363)
YRBEDT, (zy) & @ &y DNELLIESR,
(IS8 19] (361) %GR X,
FHET VN ETHE R ZOWITH g DD %

97 = (97" (364)
rELZEIZTE
3
Tt = Zgijxj (365)
j=1

LELIENTES, ZHIL->T, IR ML a=Y" a0 DEDHS
3
ol = Zgijozj (366)
j=1

WO EBEERESLZLETES, BEZHBOKOBAIZEZT, [5D250] B9 o ERT) %
IR MIVOHRERSD. o (2TH5EFWHWRITCHDH D) 2 IXRT MIVORERD &R,
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DEANBRETH DL WIFEZHITHEDL, 1k, BRI MV o EFEADIIEKTH 5
EWOERTIRI MV THD, TOEKRTIE. HFIFZ W = F(Ar) L EDIPNERETH S,
HE, ATy vy VATHNE, REITEHBRLSTERT VYUY IVOEGRTA A—VIhdaEe
WS Z &l b,

b8 T ~ 2 27 2 )V AREAR] Tl BRAFICTTLSA0NANAREERT ML e ax
7 NVIZTEIZDELTH 5,

1.1.6.7 [B&] 2=%)ZEMH

Ty NEEDRHTELZDT, bro &P IFIIREL T, HEERIZIEEL 722 b LD K
ERTOIZS, ZIZTIE, RIREEIFZERT, BREEEZHAWS, ke LTE7 77 v M
B mthr o FHWTWw L,

vy bk (RZRV) LT

Al
AQ
A) =1 . (367)
An
EHEADE, ZIRRT ST (aRZ ML) I
@4\::<_A1 Ay - le) ::(_Al A2 .. An ) (368)
Yib, TITIRERERBEERT, Ty |A) & Ty b B OWFIE
(AIBy=> A;B'=> A'B' (369)
i=1 =1
LRERIND, TOEFRZL
(A[B) = (B|A) (370)

Eo T, NBEIZHEmTIEZRW, 2D &5 BPHLATHMANL T oNZRT MVERPBI=R)
22T h B,

1.1.6.8 EAMEANRZT ML ERMERY ML

JEREZS LY UC, [MlR720) TR < S (ERINER) 2525 SHBHERT ML BT MLD
XAMWHTL %, fERZ ML, D5 DRZ MLV T, e ZIXEERZ ML LSz, &
FlE AT 2 EWTIT E RO ENRE DL SR VDIZH U, KH & TE I E TS
CRHDMENKIZT HEDTH B, — T, BWENT ML &id, MEXRZ PLDOXSIZ, &
FlEEATIZEE 2 EWTIT E RO ENREDLEDIZN L, K EBEICEZENTIHRT 2K
DB ENEDLSRWEDTH S, —MRIZT VYV INZEWT M L M2 X252 2 nT
x5,

Levi-Civita D5EEKNIRT > VIV & —Eh T 5 LfilitE L BN AN D5, 22T, XI b
WONFEEMBEIEHRZ L A RZ MLoEEE (1.2 i) & 2O#/E Tt & MENANE DL S
NP A



R MVvEeFrYr (EHH) v8.02018/03/30 58
1.1.7 N7 MVOBRICEAY 5 BHERESR

AHZTIIELEZE > TR MVOMEZMEHT 20T TIERWA, ZNTHEHRIZARS b
WOBESPEAL U 7R 28> TEL DIFEWRTH A S, UL, IR Z2ITNIE, ARIE
ULTELUXZR, 20 1.1.7 HiOoWNAIZ. FIT Crowe (1985) 12D <,

N MVIRFTDESLIZZ 5 HWH D TR, 5DONT MVORERIE, B DIRRDE
XN HhT, FTREALY A NIZ&koT 19 HIERIESNEZ, D0, S5 RL&E
NI ZEZ BTN, NFERPERKRFDERRVPERINTH KL 212, X7 MLVOFRSIE
fEONT WPz WS 2 TH D,

X7 MVOBEEDOIRIZ, P LY H 5, BFDOHIE, BMOBMEOIEDIER Fizdh 5,
B D H X, HERPERKFOREIMES B DTH S, NFET, HEL LW/ RT B
VIR ERE TN, X SICEHMKFETRRZ MVGRZRIESRHETL %, 2o D 2 DDEMK
219 HALIZAR U TR MVOERWEEND Z 21245,

1.1.7.1 18 {Hf2F T

19 AR A 5 R T MVIZ D205 & 5 HFNRRIE =213 d - 7=,

—DHIZ, HEPHIPEFTMAEDOE TERINDE L WVWSIEZ S ThHb, ZHiENHDE<
Nobbd, LU, T2 D THl] THDEARINTIEWEN ST,

—OHIE., 74 =y Y (Gottfried Wilhem Leibniz) #% 17 #HFd R TAIZHF 2 72 DRID %
fal’# (geometry of situation)] TH 5D, 74 7=y Vid, MEXERHZRTHFEEZERL TV
7zo UL, HWMES72D1F, ARIBEFRZLSLZD DT, MEZHHHERIIIL KD
DD, FPEOBERIZIFEZEL T o7z L, YHEANGHE TERh o7z,

=D2HIF. HEBOERTH LOFKRTH D, ZNUE 2 R0 FH LD EATE DR, 74
DHERIZIMVDEIBREDEARTIEHTES, T 1797 FH S 1831 FEDEIZ Wessel,
Gauss, Argand, Buée, Mourey, Warren &5 6 ADEEEZFIZ & o TIEIXEFRA 23725
BHE N7z, EEBORMENRRERIIIT 7D, /) = —0 Caspar Wessel TH 5 H3
EVWHEHIONT WP o726, 58 FHTHENVD >72D1F Gauss ITE2HDTY, %
DIzDIZERTHD Z L AZ VX UIXAH 7 A & XN 5,

1.1.7.2 NI )L h>OMETH

BEEBZE > TFEH EOMAEZRBTESL LS8 >7, NIV MY (Sir William Rowan
Hamilton, 1805-1865) 1%+ % 3 Kyufbd 5 LRDH Tt (quaternion) ZFEMH L7, £h
MRMP TR MIUANEL DR STPL,

NIV M UIE, 1805 FIZX TV v THEENZ, NSV E ERSMEOIEOEE S, U
ZOTHEHEFETH -7z, FEFHHEET, 13ONEFEZMEL 72, 20 5 30 RHETHE
DT T, BRI R T OB TR ERERE EIFTHEAIZRD, 1837 I T ANV T U R
F37 77 I — (Royal Irish Academy) DRAZZE XNz, 1843 FIZWWiEz HAL T, D&
R ETD 20 ERD ZWUTLEDMEIZER LT,

NIV MR, FTEFEBOBEGRIERRET 2F 2 TWT, 1833 FHH, HEHE 2 DD
Dl (ay,a9) THELELRABEWVWIEFEZFITEL (IR N/ZDIE 1837 4£), BEHAL ¢

261797 FIZHEE L., 1799 FIZHIREI N, 3 —a v XTHIONS X512 >7=D1% 1897 iz 7 T v AFEF
PRI THSTH S,
TR 1831 AR, T A T4 T 1799 FEIZIZ T TR o T Wiz & 5 7,
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Mo THITIE (a1,a2) 1 a1 + agi ITHIET S, £Z T, 2% 3D (ML) OFEHOMIC
IR UE D EEXLDIFARRETH D, L ZAD, ZHEFT->I5#H Uo7, 2 W\WH DI,
BEBDPFE STV AU TDE DOMEE TELRITRELIZVWEEZZNOTHS (1) L
BT ARG (2) Al IR AT (3) 2 BCHI (4) 0 BT & B0 BEA— I ok
522 (5) MOKREIVKREIDOMIZHRDEZ L, TD ET3IRTHRMAMIERDD 5 2% AF
A58 U7z, ZUDHELWZ ik, SEEIZHONERT MVDOAAT—FE (NFE) X7 b
VRS (OME) D EOMEZEZ L TWRWI Eh o bEBETEEE59,
PUTTED T A T 1 7% 1843 4£ 10 A 16 HIZFE-> THW 22 W5 Z e AEfIciiskI T v
%, Mo & &,
P = ag + aiiy + asis + asis (371)

EWIHTEEULEZTHD, ZIZT, ags a1 o as WEFEEBT, iy gy is IZROBERZ 727,

iP=is=i;=—1 (372)
iy = i3 = —iai) (373)
gz = iy = —iziy (374)
isi; = iy = —i1is (375)

ik, BIZHTAREANIR - X 0D, EROEFD S b2 NUNDE DIFiE-7, &<
2. FESHIMTEZ XN, HOENRHRSZ 2k, NERAREICIZENEETH B,
NIV M T U

p = ap + aiiy + aziz + asis (376)
D
Sp = ao (377)
DS &R AT — 5,
Vp = a1i1 + agig + CL3i3 (378)

DED % XD MVERGT LD, RT7 MVERZITIE (ay, a, a3) £\ D B % FFD 3 Kot ZEf DA
SMNEOY (FET 212 TRH)) 2HIGEE2, IO, RAAS—ehRI MNLEDP WS- H
FENRMEDLND DI oEE D TH B8,

TUICHDEIL, SDORT MVONEEAEE DR >T Wb, ANT—HIDHRN2 DD
PUTEEL p = aqiy + asis + asis & ¢ = byiy + bais + bgizs DFEEMED &,

pPq = _(albl + Cl2b2 + CL3b3) + (agbg — agbg)i1 + (a361 — a1b3)i2 + (a1b2 — (Igbl)ig (379)

i, STWVWHRZYZ ML

aq b1
a = (05} et b= b2 (380)
as bg

DA ENHEDIEDREHRIZE NS Z B0 5, Thbb,

Spg=—a-b (381)
3

Vpg =) (ax b);i; (382)
i=j

2877 L. radius vector £\\5 Z XX F ORI SHbNT Wz,
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Thd, HHWVIX, I T,

qp = —(a1br + azbs + azbs) — (azbs — asba )it — (asby — a1bs )iz — (a1ba — azbi)iz (383)
L7405 Z LITHERT UL,

(pg+gp) =—a-b (384)
3

(pg —qp) = Y _(a x b)ji, (385)
=)

DESITpl q DRRWT (pg+qp DI L) ERMWT (pg—qp DT L) ZHVTHRE L

FaRETHILNTED,

CDEDITHEIEEEH NS EXTZ MVONERPHEERFETELZenb, TNTHFEVE
BRFEHRITE DI ehbrs,

NIV NV OERT, WUITEBIXBRD DA E O 8h o 7z, WItHUE, FEORHAZ 572 X 720
LS e, RRRAMIBEN DD o7, 51T, 1853 FITN IV M AR L7 T
JLHGES: (Lectures on Quaternions))] 230 EF A XE B L EARLZEDLO THRRH DT
HolzZ en o, WITBILRPRPIEE 5D o7z, HFES vector, vehend, vection, vectum
HFEL LT ETRIALZHC LD TH o 72,

WCBABIRE 572Dk, LUANINV M YDERTH D, NIV b Uik, T OREFERIZMH
ZBAR T DR (Elements of Quaternions)) % & &, ERNFZIZER L TW2H DHIED
FUED 1866 FFICHE N7z, TDX SITHE, T4 b (Peter Guthrie Tait)* 2WHF A Dk
AEEAZZND R T VA T L OWER MR (Elementary Treatise on Quaternions)) % Hi
UZze T4 M 1859 405 ZDAREEFH IO TV 72H, /N I)V b A Elements % 3 % Tl
JRUZBRWTSNE WS EFEZ L TWeDT, KA 1867 £ X THl ST SNz, TDZDD
RO R E 2 R 72 LT, WIABBILED o0 TR o72, I HITESHRAME T
A (Introduction to Quaternions)J #% 1873 4£1Z%7 7 > F (Phillip Kelland) & 71 MIZ &
DEIN, TNEHERFZOIE DB ER THERE E LTHW o,

LD L, FTREAEY A RORY MUVRITBNIRE 21200 T, iU flibniai s,

N = N —

1.1.7.3 19 tHRIF~/NI )L bV DOREFRA

NIV AT R FE U 72 D LIZIERIENC AN PV e D (DX D AR E T D
) 2R UBEEIADL» N, T Z T, August Ferdinand Mobius, Giusto Bellavitis,
Hermann Giinter Grassmann, Adhémar Barré (54 Comte de Saint-Venant), Augustin Cauchy,
Reverend Matthew O’Brien @ 6 ZIZ D WTHIZHANT S, TNOHEDALIININ N UIEFE
BH TR P o7ZDT, DHEORY MUVETORBBIZIZ WU B2 520>, LU
BABS, TNEITFDOANLRNT MV DEHZ R T2\ D e, YRFORHTE LT b
IR B DRI NBEDRH S DR EEA D, TOHTIEZ T A< (Grassmann) 23 &
CIZEERDT, FI7ARVEZHUIEEL 723 —Y— (Cauchy) IZ2WTIX, HERD TR
D,

(AT 2Dk THARA LYY A (August Ferdinand Mobius, 1790-1868) (& /LA
(barycentric calculus)] ZFE L7, ZHid, RIZGreRE T (HRIZHY) 253550
T, RULEDLETELEFHET LR o T\, 1827 HIZE L E o2 ARE KL TS,

21.1.7.5 Hiz K,
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FEf% 1887 AEIZHIR I N2 ARDHFTIX, 77 AT VOB % Z T THBEPIIEIZ Y725 8&H H
LTETWD, 72720, ABEITHY T I2EIEIRI ML ThE LB ZONTE ST, HBIZHM
ThdeINnTWd,

RZ 747 4 X (Giusto Bellavitis, 1803-1880) & SEffiF# (calculus of equipollences)] %
FEUT, TNREAMDZEALHDT, AIEZSDONZ MLEFRU XD ITERINT W\,
BRI, KEHPCDMEZFHMET D XD RERBORCRE AU LS ITERI N, &
ZFE 1835 FEDIMNIZE L o2 TEIPNT VD, 72720, RIT 1 T 1 AIEFERE T
BDIRNLE T2 572D T, BRfRS 2 @EBORMPNRILE Z X TV =bIF TiER <, ARk
53 % B PR FERTH B L FHZ T\,

T IARDEFIT 1844 FIZHRINTE D, TNIFHEZWD TIENDL, BLFD = AIXIE
BTERATZTORIZEE LWL 2 LTS,

Y 7F v (Adhémar Barré, Comte de Sain-Venant, 1797-1886) (&, 1845 DGR TR
VIR ISE WS D2 Z=H Uz, ARERDICH U T, SR, 22 (ZholdT FLVoR
LAY TEED), BAE (TN IVREICHYETLI2ED) 2EHKL 7, BMREILA AH
BThd, 72720 THIFFEVIRXT, KRN EZITWZRW, YU 7 F oS5 L TInksSh
TATATIZEST=DONIEARIAE L, ZOiRXDEHEADHEE HF D,

TIAIVEDDURIZR BN, 47514 (Reverend Matthew O’'Brien, 1814-1855) 14,
MEIZSDORZ MVIZHYET 25 DE2EZ T\, Kb EERH XL 1852 4D Philosophical
Transactions 128 I NTWVW5B, X7 74 T UVIKRDIZIR > T2 REID LT EI 25 2, Ry &
KHEIDEELRIGE % lateral, WATHREGE % longitudinal & FEA7Z, lateral IZXGT 5 u & v
Of% v (25 DOHAFEIZHIR) . longitudinal (ZX5d 28 % u x v (ZHHE5DONFEIZKT
) EEFE W, ATITATVIE NIV VOEEEECIZLT, TOXS BEERMELED
DDEI>TH5, UL, BFHER S ZFERBE S WO BRDD (772D PERED) »
BIfEIZEDPNTE ST, BEZ2EEI-7-2 EIZEIRBEZEZTWZD0 (KEEHINE S5
D) DPOBWELROT, BENIZTRINT WD o7z,

1.1.7.4 JSAvv&d——

75 A< ¥ (Hermann Giinter Grassmann, 1809-1877) (&, 2o HivX, NIV b Tl
BT 2 &5 4HERE EIFTVWBD7EM, FRRAIZIES E OFHMEX T, ORI MV~
DFBIIELNZIEHED o7z, UL, AFIZR2 L5112, 7 AU, 1RIFERD
n RIGRZ FIVEREFRUEDZED EIFTNWS,

TIARVIE, FLFTVYLDOBMOFKIZEENTZ, NIV MU EEST, NSWVEHIZZEN
FEFZF TR AP o7z, NVY VRZEIZAF L, BICTXEZEEMFEEZFA, FERIE BF
HEDODFERHBE L UTHEEEZES T,

TIARVIIBEIE LTOMNZ EIF XS & LT, 1840 £, )L ) U RIEREREZE Sz T
% OMGw (Theorie der Ebbe und Flut) J & WO MR Z X -7z, T TITHD N T MILDOH
MDY OTDFEIRDH B, UL, ZOMIXIIFEZDEFTRIZIL>THEDERALITFHAT
3H 6 2R o7, TNHRHRINZDIE 1911 F£iZ/m>THR S TH - 77,

Wi, R MVDOT AT« 7 % 1832 FEHIZHEMU 72, HMIFET. ARHDEEZX T, Mz
AB+ BC = AC TE#E U, HliE. 2O LR MOBEPHZIZEVWTARTH S Z LITR
MNWZBRHIDANTH D, KIZ, XZ PIVD UEMIFE (geometrical product)] ZEFE L7z, TH
I, 220D MUVAMEBLEAFIA THH L Lz (KEIADEET, HOMIAHERE->TH
LZEMMEME), ZDOOMMPEFELWVWEIX, KREIDELL, HPETTHEILTHE, ZDT
FAX VORIE, STEIHMHEELTVED, BRI PV THLDIZNLT, FIAT Y
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DOEIIEMEETH S, OBIZFTART 1)V U, YHZADIGHATIEIR MLEEX T
FMBWEERL T, Tk, WHEZTIINERY PR HLONDE KD Ik >72, Thide
L. ZOEIBBEEERT DL, SEADPEIZLLU, BIZOWTREHBHIDR KIS 5, S5
2, 3DDORZ MVOFEIX, £D 3 DDRY MVOBELFEITRNHRTH B & L7230, Tl
ZTC, AR VK 5 TESWEE HER (linear product)] & WS AR TEHZ L7z, ZD
BUZBIL Tid, BRI & 2 #HI A3 b 32D,

Wik, TV oMENAITEAT 2 LEHEMMEFICRD Z 2 R U, W OIS
U7z 0208 1840 £ [IW DHER] TH 5,

75 A%V OHEERDFEIZIR> T WA DL, HDORBID LA kv A (Justus Giinter Grassmann,
1779-1852) BAIZENWTWZZ 2 TH D, TA N A - T T AT VL, ML MO T,
KR LD DBDPRATH D L NWD LS IZFEA TV, TNERAV TR TEFIULE T
HELLUTMELEZDRRTDANT Y THD, "NV - TITAIVDTAT 4 TIE A
TP TWE LD THED, ik, BAORZ MVDT AT« T E2E>TUE 572 TA
EUADMAFIZG Nz, AV - TTATUNA T ADERFED I L R 572D 1844
DI LT, NZPVEEIZBOIERE UTERZDITTHRN,

7T AR IE, 1844 HIZHIRE Nz THRAUHE K OFGER (Die lineale Ausdehnungslehre) J T
ot DEERIETRY MVOHERZ R Uz, & 2 THIF. 5% 3 ROuZERITIR S BEA 80

IR WT, BHEOMBRBOFEIZ/ZE D DV T WD, ROBEHIZ THK] LDV TW»
6®i ZEOMEE D n KoMK T 2L VWO ERTH S, ZOARTEBI M
ik E DO THRMEIZECEDTH 5 72h% #a@%%ﬁ#%<fﬁ#bdgalwn¢ﬁn
i@@k#biok(@%éﬂ&#okoﬁ@XTéZ\Zhﬁ%@%%h?mé%@ﬁhk
FWTWB,

7T AT E, BB OEFEE EA (form) | LIEA, 1 OB A RS (R
7%»)1\2%@%ﬁbﬁﬁﬁﬁf%%twoﬁAT%50n%@%ﬁﬁ\ﬁﬁﬁﬁmiﬁ\
n BEDIFRT >V IVIZHM T 5, BROBIZIZ, FI. 2, B pICn T % 4 FEOEE D
ERTEDBDE U, Tho DAL, R E IZMBIRICHAL FER7ZEh o R
WWEEINZ, MIERIIHYT2ED%E, 77 AT VIFBASSA (synthetic connection) &
WEATZ, 72 ERGIZHY T 25 D% SIS (analytic connection) & IEA7Z, FHUZRHA & &
GHITREN T 57z, BIZAERITRERT T S, ZHAIPRHEGIIEA T LS EFEI R
LDE Uz, FIEFRUBEEOIEAE S LoEAE T, HRIEA UBEOERIZRS, n BOELX
Em BORROEIE (n+m) BOBRIZRD, ZOX5IZLT, 77 AT VIF— IR
RT MVEMOBERITIEIETEE TV,

1844 LD AT, X2 MIVDHIE (outer product) & HF&E (inner product) &\ 5 GEAESE [
POTEAINTWSD, Zid, 1840 FOBRETIZ, Tzt DEAR & TR LIipd
NTWbDTHD, FITAXUPABE NS S ZHHIX, 2 00RT MLht@Ed
AMER 2R > TWd e EITETIZRSRVWE VNS 2 enoTH D, ST, 20@&9hw
(RED 2L T, —/HDANZ MV (RH) DERZS D —HDRZ b)Y (KRH) 12> THN
L7 ZICTEL ML DOMEMNEDOHBETH I EEHR L TS, I 6! \QM#yﬁm
ZEEIZIRR I NS LS IESNTWn 6, SO K » AL <, BYREIZE 2 X
1.14.7 HiCHPT I IVHEERL TVWDH I LITho T\,

TIARVIIRICETHEEEWANWAEZTWD, 222X, a0 o
WS BANADBRIRZ M [af] = —aTHBEVISDIT, INHIETH S L\ S HEki,
[aa] = 0% [af] = —[Ba] DL D IRKEZBAIDBH D LDE NS ZETH D,

NVZDET, FJI7AR VDI 1147 HiTHHT I SV EARELZLEDOTH Y, AL D HEEFERLMEE
HEWEEER S, FIATUNTIES L ERNRE ZATH S,
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a— ¥ — (Augustin Cauchy, 1789-1857) 21k, 77 A= Vi 1847 FIZHED THRHHL KD
i) Z2B->TW5, ZTOHED 1853 Fiza—r—ik TREMZEIZOWT] WXzl
LTW3, ZNRTTIZTIARYDRENTWET A T4 TIZETWT, A2 R L TRE
FREREM HETh o7z, TOHEE, ABRTIZ1L1ATAFCBVWTL SUHEE2H-72E
THho7z, UL, FEAYRUFER2ZIA Y NTTIZ AL KOHR] TEWTHD,
FTHMEDREZ LU, 72720, ZORMEIZ, 1857 HIZ I =V =D FAZDTO RLRIZHR -
Tz A=Y — X T TIZTITIARVDAREFF> TWEDITENS, FIGDOEWI ZH 5,

1850 FERUIZA D L PR AAE N E D> T, 77 A VOHRZOEMEINIHNTL 5, 1852 F
., N3V b oid TR RO 25A 7725 L, 1853 EDFHMTIX, 7 ATV DT A
T4 T HRESONTEIGEL, [H 5D U THITBIZEET 2772 o72] Z&IZEBNTWS,
ACTARY VT F U odHIHREOHEERL -,

1862 fFFIZ 7 7 A< i THLKRDEEER (Die Ausdehnungslehre) J D 2 N— 3 V& HifR L
T2o 1844 FERRIZHR TR BRI L Z T VRABIEHZEL L TWEED0D, HILWHERBEL S EA
TEDO, ETho/z, TITINDBIFLALHBINGD 5T,

1860 MR FIT D &, 7T AT V&ML XFFT 5 A4DBiN 5, /N2 )V (Hermann Hankel,
1839-1873) #% 1867 4FIZHI U7 THEIRBR DGR (Theorie der complexen Zahlensysteme)] T
2 D—H H5VWARTTAITVDRRDFHIFIZERTHNT WS, ¥ a b —2 )b (Victor Schlegel,
1843-1905) 13277 A~ v DIKRDBI 2L FE L7020, T OfH%E Lz gz RS TR
U7z UL, #HICEER T2 Z2AFTRES R o7z, ZTDIENIHE T T AT VD
L ERTBEE ZFEALALHEZ TV olz, 2IEWVWENS, HOEZDILE BRI,
WDTAT 47 DL LIFHAERINZDMOKRROFIZENDIAE N0 UT, ERIIZIZEIE
WhHhEVELEZ LD o7,

—FH. FIARVABREZFRAL 5D T, 1860 EARLAEILX. BFELSND Z L IZHED
HEAE - TWoTz, EKIZSHERICEHEELREMZ L TWS, YU A7y MNEOIZEE L
T, I8T0EIIZF TV 7 - Tz —&) OFERE TV 27 - 7= — X&) OHERZ1T\V, 1876 4E
T a—¥Y UV RENPSHEBE LSRRG I N,

1.1.7.5 1860-70 FEf

ZORRIZIE, NT MLVD K S RERRDMBEMEDNAE S I ND L ST > TP <, 1870 4F
Rar 5 1890 FEMRITIEMTH DR RN —MIZIEE 572, 77 A Y DERRIE 1890 FRITZR 5T
MO EIZRAYTILE o7,

74 b (Peter Guthrie Tait, 1831-1901) (&, PUTEUIZBE L THNIN b U DERMHETH 5,
IIVNUBRS o Y EADISHEZITV, T ORRIZBIC A&b»MML%&éMtO
T4 M, RaAy b I URICEENE, TVUVNRTIRETLIEZALR, 7V 7 ) vy IRET
AT 1854 NS A =V ARFEN)LVT 7 A N THMEE IS & 51275, 1857 A2, MUt
BAEYBZIZGHT 2 LR 72 Z 2 iZGMWT, TN TR OMSE Kl 5. 1869 EI2iX
ITUVUNTREOHARBZROZEREIZRSE, UL, WO E L TIFEIREZL
W2 T4 MIFESBICFNSEERD AN o7z, Thid, BT 6 < BIFOYBLEIZ 13U e
T BB D 5727207255, 728 ZIX, ERBEYHEZED VY VX, X7 ML
RWTTEE LRI T2V E D E A LT W,

L1728 TR K512, T4 FAF W OBRE [ aBoP)SFE R (Elementary
Treatise on Quaternions)) (1867) &7 7 > R & HED UL AP (Introduction to Quater—
nions)J (1873) &, VULEZ DO FIZIED B DIZKE K FE U7z, THUBOYERERD |
WIFZADISHIZ I EDREIPNTE D, &I 1873 FFITH I N 2mi\#7xtmkﬁ
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A RPBZAFE L WD ERT, BHICEETH S, TMUCBOYSERHEGR] OF 1 =ik, X2
MLVOMEFEE AT —EPERINT WS, FH2ETIIUTHOBEEIAEAIN, FHI3E
TIXZ ORI FHIHI NG, SONEPHAETHTL 3

a- (3 =|al|B|cosb (386)
a x B = (|af|B]sinf)n (387)

(27U, n ik ak BICHRERBANRYZ MLTHD) ITHYT IR (UTHTRHEIATW
%) BHTWS, B4 mIMUTTHEOWD, 55 FIIMIERT FVEE (507« 7 REPHZH
LI2H0%E) THDH, THUHi< 4 DDEIZEMFAANDIGH, RED 2 DDOEIIYELFA
DILHTH - 7=,

ERDE ST, T4 O T OAIEFENEG] (X, SOXT PV K<BT0D, &
<IZ. TV MDA T V (nabla, del, atled 2 & & HE) ZHWTHmZEHAL -2 & IFEE
T, ZJV—VOEM, AN—JADEH, WV ADEHRLENPRBEBURSENINSL I LITH->
2o T4 MOUFEIE, WA FIZL > THATHE I L 2R LIZZLILH D,

/X—2Z (Benjamin Peirce, 1809-1880)%? 1%, 7 A VU W AEREDBRH DK FETH o7z, /3—
ANFPUTCEDIFEE L TV WA, PO FFEHETH D, Wnllile 7 A ) TR 5 2T,
PUICED & SR U 72 ERE AR 2 Al o 7, fRRS SR L 1, Tocie — b U7z & 5 3R
BROWREMEZ R LD DTH D, N—AFEHEZ B> TV == FRETIIMCEHD
WHEELTBY, TORETELDT A ) ADOKRETHUILHDHEREN 2SI Nz,

<27 A7 )b (James Clerk Maxwell, 1831-1879) &, 1860 fEfRIZ BT D EME LR D
v PEBRIIIRELZ, ZHhEEATEIN TV, KEE 27271 FOBDIZEL T, <
7 A7 )V 1870 AERIT 73 - T T DR 2 thed 7z, £ 5 LT, 1873 fEDAR MR L5
DGR (Treatise on Electricity and Magnetism)J (238 W T, ABRERNIEED & MO 5T
EPND KD Tz,

1871 F-Dim X MY EDEF 7253412 DWW T (On the Mathematical Classification of Phys-
ical Quantities) J IZHBWT, YZ AV )i, NIV DMUDBAAT—EXRT MVOKHIZE LTz
ZEIEFICEELSEENTWS, ZOMXT, Y7 AT IEIRT Mg [HRZ ML (force
vector)] (BAIRIH7ZDDE) & NRHANZ ML (flux vector)) (BRALERYZDDE) IZ5H
¥illz, TOITA PPRESELEET

.0 .0 o0
V= |1ax1 + |an2 + |3&L_3 (388)
0? 0? 0?
2 —
V= <3x% * 03 * 8x§> (389)

(G ITHAEIZRDTH 5%) TEHL, AN T =B s 126 LT Vs & s O 4L (slope)
. V?%s & THEHE (concentration)] MR EZBELTWS, —H, TDOV 227 ML
(ij 5*‘%[3%\@,@5&\1‘@75%@ V= 'Ulil + UQiQ + ’U3i3 0:5&%3—5 C‘.)_\

. 8"01 87)2 8’1)3 . 81)3 8’02 . 8"01 81)3 . 81)2 8211
Vo= <8I1 + 8%2 + 8x3) + " (81’2 61'3) + 2 <8I3 6901) + '3 (81‘1 61‘2) (390)
B, VAT z)VIE, TDAH T =7 SVu % v @ UK (convergence)l. N7 ~ILHER
53 VVv % T[EE#g (curl U < & version)] 35 & AT 7=,

311.1.4.4.1 HiZ

3275 <5 1 ALDRAIEE L UTH%AZ Charles Sanders Peirce I3 Benjamin Peirce DK% Td %
BLIFWA, VZOREMVBIEDT TV 7 v el >TLED DI, WO EE EX L2 220,
3 TELKDHSADIG) OB 2 AR TIE 2221t (space variation)] &WHFEEZHWTW5,

3 BRSO DF 2 JREAFE T rotation & W HEEZFHNT W5,
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X7 AT )i, Moo E R U Cc oIk o7z, iz e o T, o BUL I E
RAEMBEIZT A EEENEEOHINOEE L P TIERr o7, WUIEEP T MLV, YWHEED
D E 5EZ 55 DTH o7z, HIZE>T, NI MVHZRT Ta—Fi, YR EKROE
B BERNRIALTH o7z, UL, 272D o)l MWz & 2 EHEICARI SR> T\,
E<IZ, R PMVOHENAIZZR>TUEY, HEIZXIVF =D EITRDE L D BAICHBKL T
W7z,

RO AT IV DEE EELRERIX, 1873 £D BRI MKOHEHR) THEH, 22T, EELK
ZOHBERIBD DO L NTHDETELPNT WS, BRIZHTEHDEIZR > TWRVWDI,
MU TR ZTNIEE AL IZHONT W22 e, EETIRWT NSRS Z2H S5 Z 2124
ENOTHo7z, EMORZ MVOBHEVNEAIZRLMEELE Y7 AT 2 VIFKIZLTWT, %2
WA DI ZETHDITIZIENWD LD o725 TH 5, ZOKRIE, A2 zEZERL DI
WRBEZoMNTEE R o7,

I AT Vi MEREHKADOMER) OFTH, NI I K BT TREEIZES 312
VHENRB TCELZ2MHFAL, AN TR MVORFZEEHLTWS, X511,
JCIREAMMIAT T —THERZ P TELRL, NI MVOFEINT MVEHTRI NS Lk X
TW5, ZHIX1123HITRRETF VY ILVDEBDERIT L EARTIENTE S,

2 1) 7 #— K (William Kingdon Clifford, 1845-1879) I, PUITEID 5 N NIVERIT A~ D )E
WafEo7z, Ik, W& 77 A< Y OO %2 K-> Tz, i 1878 4FD TH#D
5 (Elements of Dynamic) J 26 (2B WT, FIFBELRIUEORY MVFEE A H 7 —FE%
BALTWS, X7 MUVREIZ2DDOXRT NUVAMEZHENICEERNRI MLV THHELTHDS, 7-
72U, WUiBOLKRT, Ah 7 —HMOMNEREHEDEDEWIZm>T W5,

1.1.7.6 FTREANEYA RICEBBERRT MILVEFTDRIIE~1880 FE

ZORRIZ, GORT MVRBIBHERINTEREI NG, FTREALY A Nk 1ZIZFER
JIZUTEBOBAYEFIZ & > TARET, AREAERDIETHZE S Z itk &, 4
DIEDRT SIVOREZEED BTz,

¥ 7 X (Josiah Willard Gibbs, 1839-1903) &, 1858 fFiZ A = — )V KF 2 AL 7z, 1863 4E(Z
T AV AERETHDTOTHELBEE2EUT U7z, 1871 0251 = — IV KZEOHEYIHEDH
Bz, T R2ETEOMIZE Y E o7z, 1876 4E& 1878 4EIZiwSL [RGB L YE O A2
DT (On the equilibrium of heterogeneous substances) | % Transactions of the Connecticut
Academy (ZHKR U7z, ZHNIHMEFBEIFZORBL 26 E2MI L7 OO TEELRHITH
5, 2RI -0y RTHIGND XD IZH-7=DI%, 1890 FERIZZR>TH ST, AANTILER
MRAVEBIZHERL T TH - 72,

FIANBHELK LI Z o720k, 727z )V0 MBEKLWEKOERI HHKE T
Mo, TRHE 1870 HMRIZR->TH L THh o7z, MER LKD) 2L TV S HIT,
VICE DREDRARZET, A A7 =845 (5 TEIHAB) X PV (5 TE 5048 72100
HNEEL, VICEAULTEAN T —HR e RT MV HBEL TERWZ iZ&ffnwiz, %
T, Witz U Twm/NROY AT L2EAL D NS T & TRY MVRNT OB % F - 7=,
TED BT DONT I ATV DERITENZ 2121E, FTRAREPS KN NT WS,

FT AL, PORTHROMEZ £LHT IRT MVIRFTOE LT (Elements of Vector Analysis)

36 Z AL https://archive.org/details/elementsofdynamiOlclifiala THI% 9 2 Z LW TE 5,
STHELABES > THE IV, 710 74— RKWBMH->TWBAFEEL L TIE vector product & scalar product T
b5,
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J B UTHARRL (1881 4EICHTFOH 1 L 25, 1884 FITRFDHE 3 ~58), A
WIFEH I o 7z, B 1 EId, N7 PLVORBE WS T LT, ETANT =T MLEKH]
L. direct product (5 TZE 5 HNFE) X skew product (5 TE D W) REBEAINTL
5, itme UTlE, X7 ML a & B8 D direct product %= .3, skew product = o x 8 @O &
SITEVTVWD, B2REEF, WALV ILT, HET VEBALTVWS, ANT—ud
derivative (5 TE DA Vu, X7 ML w O TFB (divergence) |, TEEE (curl) | BEHFRI N
5, BETHHACH (HVADEMHRY) B RINT WS, #H3HTIEMIURT MVEED
WO b, ZOHICIFFTAMEOEMM R NS, AFEETIT 11441 HiTtns 174
7 K (dyad) | ¥ (57477 4v 9 (dyadic) | OBEEMNZ ZTHND, 4 FILE 2 BOML.
WHEERTA T T4y 2 DEHBERTHE, ZDLSIZLT, TOKRBBEDRZ bIVIFEHT O
e mo7z,

X7, BERXWLEFLBEL TARY VBN ZHIZAD 2, FTRIE 77 A VDME-
7L EMURBOBEENES & KL, ThaeHE Lk, FTRIZT 51T, X7 MUVEROT
ENBHERF T TR RENFZIZE>TEAEHATHE I 2R LT,

—Ji. AFVATEHEALEY A N (Oliver Heaviside, 1850-1925) 23F 7 A L \FMNTIZ R b
fEMT 2 R U7z, HORIEDH F D BETIERD 72D T, KEANKTIT, BEHLER-T,
1874 AT 2 RO MBI O 6 TH BT P LRI A 72, iE. ¥ 7 AL HKIZ, <27 A
YLD TEREHROMR] 2R L 720 E o T, ez ik d s Z itk oTR
7 MVIRITIZ 2 E D E Wz, AN A N, 1888 FFIZR > THF T AD ITRT MUK D E AT
ZFIZAN, HRWMESRBDEAREAMIZALBDTHS Z L IZKMN W, 554, 7T
NYDWEDZ LB FTADAZ R L XTS5 TH D,

ANEY A RDRT MV Zffio 72 RFIOFRSCIE, 1882-1883 D (Mg & BT DR (The rela-
tions between magnetic force and electric current) | TdH o7z, Z Z TIEFEEE curl 232 E =M
IZEA I N, Gauss DEH & Stokes DEFUZHY T2 DAGEH I NS, TWeHD o IdEEN 7
LEDD, FERTZ MLVES LOBEOBRIFHTE TR, RO TEROT X )VF — (Current
energy) | (1883) LW F X TIIA N T —FMIETL B, T HITRD THFHERZR O CITEESKM
72 BAfR A (Some electrostatic and magnetic relations) J (1883) Ti%. [FEBL (divergence) | H'~
A7 )@ TR (convergence) | DfF 52 KMIZL7zdbDE L TEREIND, TLUTAR
7 — P @ 72224t (space variation) *] VP &2 Ml R OFHL div R & [AIHE curl R %
HEZHDOHDE U TH-7 (e e, FE FEA I T 22 & L D), 1885 4

BB SRS & Z DERE (Electromagnetic induction and its propagation) | (ZHWTRZ
FMUVEDPEAI Nz, PALEOREZRET, 1885 D [EIKHE (On the electromagnetic wave
surface) | IZBEWT, NEV A FRHDTEDRI MVDIKRZ XL X TR UK, AT
T—MERT PIVEPERI N, HET V BRERINT

NEY A RO ERIMEIX. N7 MVENT 2 BRKFHITERRIZIGH L 8 THh D, £F IE
f5Gm (Electromagnetic theory)J (& 3 &AT, &&IX 1893, 1899, 1912 fEIZHifkE Nz, Z
DILHE—EDHE 3EMN, NI MUFETOKRRARERIZCATSNTWS, Zhidk, BRKL
NY MV 2R OHI D TDOHRATH B, ~EHT A1 Fid, FTADYiEZREDTWED, F
TADREFEIZAS T, HOGEEHNTVWS, £9. FTABRZ MLEFY V¥ XFT
KUEDIZHL, A"EY A FEKRKFTELEY, Thhro, AAT7—FEXT FMUVEIK, £h
T, AB, VAB O X5 I1ZF Wz, NEY A N, oUW =k N2 Rs bv 2

38 Z ML https://archive.org/details/elementsvectora00gibbgoog *°
http://jacgkrol.x10.mx/assets/articles/eltsvectoranalysis.pdf T & Z &M TE 5,

OFHZBE N2 E DI I NI I AT I VBHWTZRETH 5,

A0IEMEIZI Clarendons &\ 5 74 ¥ R 7203, BIRX TR ESHLZZS X W0WhbLD 580D T 2 2 Tlk BTEX
EHED KT (mathbf) & U7z,
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ZRERDODHZEDIZEHMEIZRRTE D, W72 X7 MVOHENAILRSZ BN
LWnWeEENTWS,

NEY A RORZ MUV IZES IZHOFIZZIF AN SN DIT TR, UL, 1887 4
WAV DVEREIR DEZEDERIZKIILIZZ 2 Eh s, 7 AT 2 I)VOBEKFENDEL
WEED, AT A FOHGZHEOPERE S L5100 oTE 7, 1892 FFITIIM D MERF
X (Electrical Papers)) 23RS 117z, F4E, George Francis FitzGerald 28 Z 3% & < FEAf
TEHEEFEEVZ, 2720, REITEADOWE L7z, A Y TIE August Foppl A% 1894 4E
IR END Z IR 5 ERRFZDBEREZEHE Wz, ZOBARETIEIANET A FOXT ML
fEtrMEDNT W, TDEIIT, AET A FONT MVIENTIE, BREKAFEZELUTRE>T
Wo 7z,

1.1.7.7 1890 ERBIFDEERS

1890 4F2r 5 1894 AEDRNZ N T MV D L% K o> ThRA I3 A L b I Nz, Whid, £&E
FRELREL D HIEICBE T 2 BN R T > 7=,

1890 4EIZ T 1 MIPUTCEZ BE#ET 5 3% 2 DOFE Wz, TO—2I2BWTIE, MUK
RIZRBLTI%H D (transcendently expressive). HIR7Z (natural) &Ew U7z, —H T, T AL b
FERER DI AN RI7Z (artificial) & U7z, B9 —DDOXEIZBEWTIE, FTADRY MR
iz, NINVDMVETIARVDRERZRBE IR UARYEZ L HEL WS, B 1891 4RI
FFTRAFKEEZE VT WS, KD —2ld, WHZIZEWTHBPARIZERICENSDIZ
MUT, W ORIZH T DY RERNR LN ETHD, &I —2lk, NT MVIEER
TNCEGIHIRTE D L WHEHTH D, THIHT LT bORGEIZ, FTADT 17 KHBA
BTHBEI L, BRILBREBERPBNENVIEDTHo72, BAA, ShoRNE &
RICNDILRIFER D D 5 (BB O & 5 SRR TEM S ZAH D) DT, 714 FDFW
DERETH B, 7272, UILEORITIFHEERIDE D LoDz, AMETIEE D L7270
ZEIWZBELU TR, T O HGITEHEDS EAZ0E LR,

[ LU 1891 4, ¥ 7 Al Nature 12 TP e & HEADHGR (Quaternions and the Ausdehnungslehre) ]
EWIOEHEER N, ZIT, FTAR, WBGREN NIV b ORHMEEZ S WILTLDIC
WHL T, 9 A28z, FI9AR VD FHEEZFIENLTEIE T, ADDRZ MR
WMiABEELZ, T4 NPT IATVOEEE LSHS BP0 LT, FTREANINE
VETIAR VDM ADERIZELU T WS, FIAI Y OFHMEIZE L TIEF T AD S MIE
LW, X612, FT7AE, BAFEPYEZOHTIE, NEEAEPEZE T THOREIERN L
WZEEEHEBRFALTWS, T4 ML, 2L TEHWESZ2E W ZOAT, L HITKH
TERhroTz,

TAMEFTAOwF BT AT, ¥2 77— L ¥ (Alexander Macfarlane, 1851-1913) 1.
PG E R MV EFE LU LS 0E D% 1891 FFIZEL L. 1892 4T TYIHL D REL D JFH
(Principles of Algebra of Physics)) & WS FXIZ U7z, UL, THUEZEDEES A Waro
Tzo NI MIVIRITDH 5 —~ ANDRIEZETHENEY A X, 74 b F T ADHFIEF 7 AD
Wb 728 MBSO, 6, TRIVF—FHIIZDWT (On the Forces, Stresses, and Fluxes of
Energy in the Electromagnetic Field)J (1893) Tim U7z, Zhidk, YHEN R ML TH S0
LEWDZETHD, FTREALY A NOVBIFEEMAD LIZOVWTIEF—H LTV, Z
DFRHY, ¥ 3 — 1 — (Alexander McAulay, 1863-1931) (&, Fw3Cx THEFIZ BT 2 UL DR
F (Utility of Quaternions in Physics)] (1893) & \5 KD H Tt % Wik T Sifamz 5\
HLTWSH, @wHE WS L0 S RIEHTHREIBNREDTH o7z, 71 bE, FHTIOK
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ZEFREANZEHMIIL TWB D, I BNICBEINAE RIS L TWa, 71 ML, AEH 1R
DFXITH U TR, AT RBFZ2 MR T 250 EZRVWE VWIS EHRDOZ L 2FENTWS,

F 7 Al 1893 4EIZFH U Nature (& THUITE & X7 M IVAREL (Quaternions and the Algebra of
Vectors)) &I X EFHENT, @EmiZlbo7z, ¥a3—L—50%, Wi E &k Lavolk
FEDE WL LT Wz, TR L, F7 A, WU T ML OS2k z B VR
FTEIITHROTWVWBDRWNTFRWE Uiz, X MVIRE Z HIETTIZ 50 £ S WETD S H
55D THRIZHTLK 2D FRU 7z, PWHZORNEBFZORNDPBERIC—KIZR 728
AR MR BHEDEENIZEZTHoTz, FTAIE, WABIZNTET71 FNOEHME +
SIZFHi L TWiz, AEY A REFTRCHEGIL T, X7 MVOHDBMTE & 0 B R TR
ZeERUEZ, 2720, ANEY A FOFEZHIFIVIINABEREDTH 57,

DU TEEEMI O F & H5EamE L TiX, / v b (Cargill Gilston Knott, 1856-1922) 415 1892
HF1Z Proceedings of the Royal Society of Edinburgh (Z&F W7z [T MOV GG OE 4 OB
(Recent Innovations in Vector Theory)] 2% 5, /v M. £9. LEORY MVHEGERIEA 7
T4 VO (1L.L738ZR) "HIFLALEATHWREVWE S F 2Dz, RIZ, FTAN
AHT—FEERT MVEDREAKZLHUTWADIZKNY LT, I BUIIRENTE 20551
K77z, /v M, T2 _FHEOEEZESL WS ZLIZEIZK LU TH D, FHE
WWV-w& Vxw Z2HZIZEZ LRV WIRWOBELEE X2, FTAOMART L
B OEUR B EHEST E T, Wz M- 721 PR L /U7, FTRAFZZINIK®RL, %
DHBEHNVANALRRDELD b - 7z,

B, R MVOHENEIZRS (W) DIEILRS (FTRA - ALY A REORZ hL
M) D%, BIZEBOMEL WARETNETT, EHo0REWEE-EDRDSZ L5482
TR,

[ HULABE D I s 13 5]

SEE. ZEXM

Michael J. Crowe (1985) ”A History of Vector Analysis — The Evolution of the Idea of a
Vectorial System”, Dover [A YV ¥ F)VhiZ 1967 4, University of Notre Dame Press,
117 Hio~R 7 MVORERDFIRIZFIZINIZ L S, ]

KHE— (2015) 77 D= DHAEEH—X 27 MVIRT & RS, ALK

LB IEHE (2009) ik ~ 2 27 =L AFER (SGC BOOKS P4), 4 T A4

N HE (2002) PG (quaternion) & BHIRRTHIO HA—HAD EEHT ) HEL O —WE—,
BRI SC g 5%, 1257, 244-249 [1.1.7.2 HiDFRDBHFIZ Uz, |

av Y (1987) WHEAIZ B 1 282Nk (WHEPRE 53), & E S

HRZE A (1981) T ¥ VOVl (B EE 23). B

P.F v KU1y 2 (1979) Eiik %, 7L A VIXEHR

H 77 & —2Z (1967) B XOHER, AikEE

ILFEE (2000) BERT 27 b =27 AAF—fEHEZE» SO T Tu—F, WaHE

ITHER - REE T (2015) E. 7 U~ VF M OMEIZ X > THRE I NS, 2
HREGSFHEDIRS ) 2R, GSJ HE = 2 — 2, 4(6), 161-172 [1.1.7.7 HifHETHIH L 7z, ]
https://www.gsj.jp/publications/gcn/gen4-06.html

SER (1997) BIBME 2 D HRE, 1637 TR

Ty b, A ERFIRAED B\ AE AT A LT\ D LA 0 R L L b i HARE TRHA
G 7 e IWMERE, 2015]. = OREGIRICIE, HEEE > 2 REEABS D> TV 2,
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H. 7 AV (1973) 22 - I - WE (WILEEMEER) . E#kAE [T DR, B < FEEUED S 2007
FAIZHRE N2 B BE S YIN]

2% web pages

Introduction to Elasticity /Tensors,
http://en.wikiversity.org/wiki/Introduction_to_Elasticity/Tensors
H U < (& http://www.thefullwiki.org/Introduction_to_Elasticity/Tensors



