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1 FL®IC

— AR DY 72 R ZRIC O W T DHEERTH 5, G &L g, TRIEZY, FHEDIHIMESN
ZHEER (V —< AR O#ER) & R 9] T B L. —RIT R, [g] #0TH 5,

—J. 77 A Y OENERTIIREII TR EZ 2, DFED, &%, LT E,
R%,, [0 =0 TH %, MHREFRZENIEEIKT, 1, = diag(—1,1,1,1) £ TE %, BN

BHINFR 20T > Vv by, TREE S, 774 v~ OHEETIE. B A, 1. FRVIC,
Guv = M + h;w (1.1)

DHABEDETOAENL, ZD g, B—BHNFRTOFRISHIET %,

774 =i BTERNYREDGOMERIIH - TWn a2, —MENEmIA S RVEE
ANDBT I > T, EHHGREEZEEEZX 2. ZOVEELT, T&EAD ] 5 IR,

§2 ClE. BROEHHERNEHE T 2. BEOHEBHER,» S, BEOZ r L — - EHEjE
TYINAMTRER (ZhE (A) 2R 23005 (§3).

Xz, BN, OB E2EZ 2, FREANE. £330 h, D2ROS 75007 VEER
BS72255, L., 97507 VEENR2RDAIZL (A) FET 5. £oT. hy D3R
DT TVEERMABRBED DB, TNTHERL(A) EFETHDT, 4K 5K, ..
DEEMZ ZRENDH D, HRERXETEZZ2DEND S, ZO#HmE§S TITo, £/, 3
RDZ 5y I7 VEEIMERA L5 CTIRET %, THIREREHETDH %,

COHETELSEADHEET 3N, WERDIELWERE52 2 (§4), £EAMBELR
D7z hy OERRDZ 75297 VEEIZ, 7422242 - EARLPDENTHS L
D%,

§5 Tk, WHEY) (BRES, ¥ —YB2E80) LENG L OMEE RS,

§6 TlX. 774 v~ DENHEFHIIOVWTaAXY T 5,

§TTIE. 7A YT aRAY ANV EDFI T T IT VEER hy,y COWTERT %, Z
D ffild Z AR DEI O EFHHD 72 D12 H %,

§8 T, BEANDIHEET 2, h, D2RKDF 7507 VEE LD ZRDS, £l n K
DT IT7 VEERRET B HEEBRE, 3KDF 7507 VEE LO MR A Lt
B CTHET %,

YIAT2RDS TS50 7 VEE LY TR (BIZIKED) EHEBEIORE X% EFL
FEATE WV, SEHABEIZEL S RD BT 3ROME LE BRETH2, 2D L% §9
TS %,

ZOFEHETIE §6 LIIME. FHED 1, = diag(—1,1,1,1) L R 2 EBIERZHAT %,

2 BR0EFHAREN

= A —

2. 5% RE

e
|

IVATAF—HFEIZOWTER S, OF D, 5tET v VLA
N = diag(—1,1,1,1) (2.1)

DI (— + ++4) 2T 53, T, FU S w/ICFORZFE0,1,2,3 28T,
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ThHBLT 5,
BN 2BEAFRT > YV by, THZLEZ B
HRAREENGOEHRRDIERHIIUTTH 2 EIRET 5:

S = Sparticle + Sint + SGravitya (22)
Mea dzt dz¥ c?
Sparicle = j{: J/dA a3 e T ) 2%
Ja dzt dzl
1n d a . 24
=% [ine o) (2.4

me \FEE T, g, 136 iﬁ&fiﬁ%o e TG T, M\ IZRFT X=X —TH 3% , BEBHIGOE
F Sciravity (X CHSET B0 135 R — R DIHAT 0y 131 L TE By eu B 1 LT B85 A— K —
T, 3B,

Mg dztdzl
partlcle Z / dTa Ny —— d dT 2] ) (25>
B Ja dzt'dz]
f%w—-Ej QU/dﬂzhm(szﬂldm. (2.6)
%?%l‘éo Sparticle @%QI,E\& }Ji))Z;CL\O)VC\ J;{chi?gt l—" %ﬁ%—) gparticle Zj_%o

2.2 {EFERIE
BEI2OWTOERI.

~ myg Ja dztdz"
Sp = Sparticle + Sint = g T/d'ra (77;“/ + m_ah/w(za>> dTa d_Ta (27)
THbd, 5.
a Ya
glgy) = T]wj + Ehwj (28)
bl IS
A (@, y%%a 924
Sp ; 5 /dTa 9y (2a) 0. (2.9)
THh,
m dz dzt dozt dzt
_ o |4 @, 20 (»
55, jg: 5 j/ Ta 5g g dr 20 (a) dz1>
N M Mo (@) 32 Az (@), 9%
; 2 / d7o 07 (8’\9’“’ (2a) dr, dr, Ta [29)‘” (2a) dTa]>
oy M Mg @ (o) A2 gy oAy @A
- ; 2 /dTa 6’2(1 (a/\gllv (Za) dTa dTa - Qaﬂg)\l/ (Za) dTa dT - 29)\1/ (Za) dTa? )
Mg o dzt dzY (a) dQZV
- /dTa(sz 2) (5[~ ona + 0,01+ 0,08 T e ol ) P10

D774 DHERE (1) 1ITE, BE2HENHRT > YA RO DEHS H 5D, TORLETIIERKT %,

e = X, Ts eq = ¢ = Dae, ThH3,




&5, XoT.

2 v
() d za 1 dzli dzy

g)u/( ) dTg 2|: 8)\.9“1/ +8ﬂg)\y +al’ >\[,L:| d dTa =0
21585, ZHUI.

Ja d*zt 1 g, dzli dz;

(T])\y + Eh,\y(za» d_Tg + §ma [ a)\hw, +0 h,\,, + (9 h)\#} d d =0
THzY,
AT, FiFEELD,
Ja _q
Mg
TH5 3 £oT,
Guv = N + h/u/
i B W
d*zr 1 dzt dzY

g)\u(za)d_Ts + = 92 [ 8)\gw/ + aug)\zz + aug)\,u] d d =0

Thd, T.
1
F)\;U/ = 5 [ - a)xguu + augAV + augku}
LEL k.
d*z¥ dzt dz¥
g,\u(za)w + FAMV(Z&)EdT =0

TH b,

2.3 NTA—X—DFEE
¥ Z AT,

dz"dz¥
)= g ar

VEIGEDIIOE Uy hyy D2 RE D ERDPEHTE 25, ny, + ohaw(2a) DEATHNG,

wr _ 9 pa vBp,
n man n""hap(2a)
THD, (2.12) &,

d2z2‘ 1 gq dzt dz¥
el n 2ma[ Oohyw + Ophoy + Oyhou| = ir

&%,

(2.11)

(2.12)

(2.13)

(2.14)

(2.15)

(2.16)

(2.17)

(2.18)



A IR N

dC _ 3 dz dzt dz¥ 49 dzt d?z¥
dr I a9 dr
ANt
A dr dr dr pWATA)r dr dr
=0
Thb, £oT. ClIEHTHZ, 713,
dztdz"
i dr dr

Rl T, ZHUE. () IKOVWTDAA F— - 5750V a iR b —HT 5.

2
Sparticle + Sint = - E meqC /dTa
a

eixb,

3 IXIF—- -EEBETVVI

%,

IR N

Y5, Twﬁgﬁﬁ®lxw#~ HEET VY ILTH B,
t%“C

y dzF dzy
8VT(’;) = Zma/dTa 0,64z — z,)

- dr, d,
dé*(x — z,) dzt

a

d2 o
= Yo [ dn 6 - 2)

a a

ThHhdHNbH,

4 >t

gwﬁ T Zma/dTa 5 Za)gku(za) dr2
dzt dz7

= Zma/dTa x_za)[_FAW(Z'a)EdT ]

dzM dz¥
— T 4 o a a
A (T Zma / dr, 0%(x — z,) .

L ()T ()
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(2.19)

(2.20)
Dk E,

(2.21)

(3.3)



Y%, BROEHHFERX (2.17) W, BHT S L,
g/\uau,-l—v(lg; = _F)\uuT

ThHd,

BErENE, V8RR EDZFOMDGEL DERED T 75

1 v
Stot - Sparticle + /d4l‘ éhuu<x)T(l:)) (x) + SGravity + Smatter

Y5 B0 Smaster D hyy KOWTDES %,
1

5Smatter = /d41’ §huy($)—TMV

2
TEHZ L.

uwr o 0% 0%
T =T, + T,

CEL, T % (3.5) iz T EIRET S !

0T = =Ty, T .

4 FEHEDOER
4.1 BEH50:ESHAER

5. Saravity D hy ITOWTDES%

1
5SGravity = — /d4l' 5huy(l')%GMV

£y 5 e, EHOGOEE RN,
G" = KT"

YD KIEEM(TA Y 2R VEH) TH S,

4.2 BESOEROFREM
(3.9), (4.2) &b,

gw&,GW + F)\MVGMV =0

DIHED

uv
(p)

VITUBEE R

(3.6)

(3.7)

(3.8)

(3.9)

(4.1)

(4.2)

(4.3)



e I TCESTZ L.
0= /d4x [g,\ué?yG’” + F,\WG“”} et

— /d4x [— 0, g,\ug’\)G’“’ + FAWG‘“’&’\}

= / d‘z GM

(
1 A A A A A

5 [ - augkug - a,u,gkl/8 + 2F)\;w5 - g)\,uaug - g)\yaug ]

5 1

= /d4l‘ GH < — 5) |:a)\g;u/5)\ + g)\,ual/g/\ + g/\ljaug/\]

1
= / d'z G“”( - 5)5@% (4.4)
213%, M BERETORRL L L, TIT,
5(8) h;u/ = 8)\guug/\ + g)\uaug)\ + g)\ua/MC:)\ (45)

THb, (4.4) 1%,
Py — Py + 6N, (4.6)

T Scravity PIAETH 2 T Z2RBKRT 5, LUT T, FIC, ¢ BERDE LT, LOEHRTAH
ZENER 2T,

4.3  hy,, OMDEE XS WMER

VA
g = det(g,m) (4.7)
bl RS
09 = 99" 09, (4.8)
CHB, T g I g OWFTIITH B, £,
5(=9)* = a(=9)*"(—99" 6guw)
= a(=9)"9" 09 (4.9)
TH%o 0gu =0 gu =0Oh,, & LT,
09 (=g)* = a(—9)* 9" (Orguwe™ + 930 + gavyue™)
= a(—9)*(g" ' Onge* + 20,")

= £"0,(—9)" + 20(—g)* 0" (4.10)
2175, £oT. a=1/2 DI,
09V/=g = 9,(e"V=9) (4.11)
b, fEo T,
Sy = —%/d‘*:p V=g (4.12)

BEHDRMTH 5, NIFHERTDH 5,



4.4 hy,, O2EHMDZSTER

VAN

A . Ao
I =g Fa;wa

pv
R, =R

pAV)

R :=g¢"R,,

0OR = ¢"9,R
v7%% 1,2, &oT,

V=gR = V=gR + 0.("V/—=g) R + e"\/=gO. 1R
= V=gR + 9u("V=gR)

%, L&D,
1
Sgn = —/d4x vV—gR
2K

TEH DI T H %

4.5 TFTAvaR4AUHER
EH
SGravity = SEH + SA
::/d%cl¢i§CJ%—A>
K
T B G E. KA X SIS,
1
G = \/=g(R" = S9" R+ Ag™)

£7%%, XoT, EHNGOEFH RN (4.2) 13,

1 TH
R — —g"" R4+ Ag"" = kK

2 V=9
LB, ZHETA Y a4 VITERTH B,

(4.18)

(4.19)

(4.20)

(4.21)

(4.22)



5 I&EH»1 OER

51 RAAT—15

BGLHEE L TWRWRD T —1 ¢ DIEAIE.
Sttt = [ 4% Lsoape

1
EScalar,Free = _5 (n“yau¢ay¢ + m2¢2)

THd, BIGE LA H 7 —5DERI.
SScalar = /d4l' V _g*CSCalara

Lo = — (9" 0,00,6 + m*? )

Thd,
hw| <1 Uy hy DIRETEZD L,

FE
g = =P hag
72DT,
V—=9Lscatar = Lscalar Free + %’r/uyhul/EScalar,Free + %U“anyﬁhaﬁamﬁaysﬁ

1 v
= ﬁScalar,Free + §huyT(/§),
Zj(lél)/ = nMVEScalar,Free + n“anl’ﬂ@agb@ggb

L7850 TG & Lscatar pree DTANF — - HERT VY LTH S,

5.2 EiS
AR CHEEE L TORWERS A, OFERIZ.

4
SEM,Free = /d x *CEM,Freea

'CEM,Free = _nuanVBFuVFa,Ba
Fo = 9,4, — 0,A,

Thbd, BENGE LR D 7 —5DIERIZ.
SEM = /d4$ YV _g['EMy
1
Lem = _ZguaguﬂFWFaﬁ
TH 5%,

10

(5.3)

(5.4)

(5.9)

(5.10)
(5.11)

(5.12)

(5.13)



6 AX2b

6.1 FHRDEHFEN

FFIVATAF—[RELZEZTVWSE, LrL. ENELDH 25813, IS IEPEEL
B, HERRDEF RN, H 287 A —F— ADFEEL,

mAX%%;+UWQ¥%;ﬁT:O, (6.1)
guu(X>%d;[iV =0 (6.2)
LIRBHENRNETH 5,
6.2 —AZEER
—RREEAECIE, 1, D IEREBTIER . AL,
R%,,[n] =0 (6.3)

Thb, TIT R, [0 1ER%,, Touw % qu CEERI D TH L, HERQ TR, ¢ =0
TH2Zrl. QT qu BEBL 22 EBERVDEET S 2 LIEFAMETDH %,

6.3 5%

77 AV YOENEEIEI Va7 AX—RELOBEERTH 20, ENENH 5 IR G
oo Flow BEMNCIET 770 Y7 VEEICI Y a7 Ax—FtBIIESE T, g, DADES
T2, T, BEI Va7 AFXF—KEFLEZLZ2D0N07?

Fio. BONCEZ TV, 0, = diag(—1,1,1,1) & 72 2 FEAER & 1l ?

6.4 Z¥:(4.6) DEOK
—PERET D, (4.4), (4.5), (4.6) IZZFDFFEMD LD, (4.5), (4.6) 1.
5(a)huy = a)\guVEA + g)\uawg)\ + g)\uau&)\ = 5(a)gum

Py — Ty, + 00

Nuww — Ny,
G — G + 09 g,

Thbd, D g, DEFDONII.

(6.4)
s (6.5)
(6.6)
(6.7)

(5(8)gwf = Sgw,(x) = gLu(x/) ez g;w(x)a (6-8)
PR 0z 0z

g,ul/(x) = o't Wgaﬁ(x)y (69)

ot = ot — et (6.10)

TH5c 8gu(2) XV —WMHTH 3,
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7T TAa%AY - BRI MEBDOERM

7.1 _IQEﬁ

TAYS2RAY c BARLEDFZ 5097 VEE
Ly = —SR, Si=v-yg (7.1)
%hﬂl’ &\-OL\VC@E:ﬁj_é Z%%Kéo 7~
9" ="+ g+ g+ (7.2)
339
FA (I)I‘A + (2)F2V + (3)11?\”/ 4 (7.3)
(1 >er = nwrw, (7.4)
(2)Ff;y = g(Alg)FU,uua (75)
R A (7.6)
8%, i,
R\ s = 0al\5 — 01", + Fuparp)\ﬁ =" s\
_o R“ Gt ORY L+ ORE o
(I)R Aaf T 8 - aﬁ(l Aa?
(2)3#)\&6 — aa@)r g~ aﬁ( )F#)\a (1)Fupa(1)1“f’)\6 _ (I)F“p/g(l)Fp)\a,
(3)Rﬂ/\a6 — aa(3)rﬂ)\ﬁ _ aﬁ(?))rﬂm + (1)Fupa(2)rpw _ (I)F#pB(Q)FPM
+&e Wrey, - @pe Wpe (7.10)
Ths, £o7T,
Rys = R{) + RY) + RS + (7.11)
Ry = OR" (7.12)
1
R\) = 9,1%, 5 — 951", , (7.13)
2
RY) = 9,01%, — 9501, + W, Ore — Wpe O (7.14)
3 2
) @M(?»)Fu)\ﬂ _ 86(3)FMA;L + (1)Fupu(2)1"ﬂ/\ﬁ — (I)Fupg( )Fp)\u
+@re e, — @ e (7.15)
7%, Fie,
R=R® L R@ L RB L ... ’ (7.16)
RM = VR, (7.17)
R — ABR(Q) . gwa, (7.18)
R® — nABR(Zi) + g)\ﬁRw + 9(2)R>\,3) (7.19)

))& by DnRTHB I LERT,
m

12



TH2, 7.

S=14+80_48@ ... (7.20)
LTS L.
Con =LY+ P+l 4+ (7.21)
26L0) = RV, (7.22)
2mLE) = R® 4 SO RO, (7.23)
26L5) = R® 4 sORG 4 5@ R (7.24)
LI%%,
7.2 BHFNBEHE
7.2.1 %fi
B SIISY g S/AS2Y
(A+B)yt=A"1—-A'BA + A'BAT'BAT — ... (7.25)
ISR
gl = —h", 7.26
gl = W R 7.27)
THb0 hy DIWZFIE ™ TET 72,
EJAN
det(A) = expTrin A, (7.28)

det(A + B) = det(A)det(1+ A™'B)

= det(A) exp Trin(1+ A™'B)

1
= det(A) exp Tr[A™' B — 5A—lBA—lB o]

— det(A) (1 + Tr[A™'B] — %Tr[A‘lBA‘lB] + %(Tr[A—lB])2 + - ) (7.29)

THs, £oT.

V/—det(A+ B) = y/—det(A) (1 + %Tr[A‘lB] - %Tr[A‘lBA‘lB]

+§—éxﬁm4mf+~)

— /= det(A)(1+ %Tr[A‘lB]

+ (AT B)” — oA~ BA7 B} + -+ ) (7.30)
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AN

1 1
W = Zpt = _h 31
S 50 = 5h (7.31)
1
2 2 v
5 = < <h Ty M) (7.32)
25,
722 1Xk
X T,
1
P/\uu = 5 [ - 8>\hMV + a,u,h/\V + al/hA[L} (733)
ISR
1
(1)FA/U/ = 577/\0 [ - aah,uu + a,uhoz/ + auhau] (734)
THbd, £oT,

R\ = 9,01%,, — 0,01%,,
- %n‘“’ [ = 0u0shag + 0uOrhos + 0,05h0n]
—%77’” [ = 0505l + 0p0uhor + D50xho]
1 [ = 0,05hrs + 0uOrhop + 0305 hyux — DsOrhoy)

N — DN —

[ — Dh,\g + GM(?Ah“B + 058Mh’3 — aga,\h] (735)

ThHs, ZIT,

0 = 1"9,0, (7.36)
THb, .
RW = s % [ — Ohag + 0,0\h"5 + 030, — 0305
— —Oh + 8,0,h" (7.37)
THb, £oT,

[ — Ohag + 8,0ah"5 + 959,h", — 050ah + NagTh — 1450,0,1" |
(7.38)

DO | —

1
RS,C; o énaﬁR(l) =

&izb,

14



7.2.3 20k

R{) &
RY) = R + RY + R (7.39)
RY) = 9,01, — 9,01%, (7.40)
R .= Wpe, W7 (7.41)
2c
Ry = - O (7.42)
EHIT B, Fie
R .— nA’BRg\Z;) (x =a,b,c), (7.43)
R = g} R{) = —h™R{) (7.44)
LE L,
T,
R4 X (7.45)
ThHb, ZIT, =R@3RMNELEMT 200U TH 5, F7-.
1
R(Qd) = —§h/\677m7[ — 8M8(,hw + 6M6Ah05 + 8580h,M — Qg&hw}
w1
w 5?7“"[ — 9,0 0y hrg + 0, W Orhog + Osh™ Ophyy — O5h™ Ozhoy]
1
=3 [ = 17 80,h 0y hrg + 0,h O\R's + Dsh™ O, 1", — Dgh O]
w1
=3 [ = 17 8,h 0y hrg + ONRN O, hYs + D5k O, 1"\ — Dgh ¥ O] (7.46)
THb,
RO BUTDA4ODEN SRS .
(1) := 1 Onhy Osh™™, (7.47)
(2) := 9, h" 0,17, = O,h, O, h" = (2), (7.48)
(3) := 9,h"d,h, (7.49)
(4) := " 0,ho,h. (7.50)
Ihzfis k.,
w 1
R X 3 [— (1) +2(2) — (3)] (7.51)
TH,
ISREN
R(20) — UAB(I)FMW(I)FIJW
1
- ZTIABTI“"U”Q[—&W + Ophop + Ophopl[—0ahag + Orhap + ghan]
w1
=70 -2)-2)-3)+2)+2) -4+ )+ )]
1
= 7123) = (4)] (7.52)

15



Thb, X7z

R(20)

Thbd, £oT,

eizb,
ST,

ThHolze TIT.

ThHsb, £oT.

Eb, £,

72 DT,

1 2) w
£l e

Enb, £oT,

1
5V I
K

7%,

— _ MO (D7e
=N Fpﬂ FML

1
_annwnpa[_(%hpﬁ + aphaﬁ + aﬂhfm] [_@ahu)\ + 8uha>\ + 8>\hau]

1@ = ()= @)~ () + @)+ @)~ @) +@) + (1)

(1) —2(2)]

=~ =

R® Z —[—2(1) +4(2) — 2(3) +2(3) — (4) + (1) — 2(2)]

[— (1) +2(2) - (4)]

s

£2 — RO 4 g RM

SO RM) —

Ly =RY g

1
1 [— (1) +2(2) —2(3) + (4)]
1
= 1 [ — no‘ﬂaahwf‘)/gh“” + 28Mh“”60h"y — 2(’*)Mh“”&,h + n“”@uhﬁyh}
z [ln‘”‘ﬁé’ By Oh™ — O, 0,1, + 0,h O,k — S 8,0 h}
Ak L2 allup 12 o't v 1% v 9 " v
+0O(h?)

16

(7.53)

(7.54)

(7.55)

(7.56)

(7.57)

(7.58)

(7.59)

(7.60)



7.3 #HRE

s TWD K5I,

w Lo v
Lon ™ S-SG= Loy, Gi=g" |17, — 17,1,
TH2 (4 BY). Hl%,

(7.61)
Ll = L2+ ¥ 4. (7.62)
YIEBT 5 .
Ci = Ly, (7.63)
26Ly = G® 4 5WGR
_a® 4 % LG (7.64)
ThHs, TIT,
G® = GG L GeY. 7.65)
G3a) 0" [(2)ppw(1)rwup + (1)pr(2)1wup _ (Z)pr(l)pv L — (1)Fp’yp(2)1wuy : (7.66)
GBY) . [(nppw(l)pwup — Wpe Wpy (7.67)
THb, /. B TRT XS,
G® = ZH‘U +2(2') —2(3) + (4)] (7.68)
THb,
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8 EBENZDER  BRHDSDEN. EEADE

8.1 —Hk
HHGOIER %
SGravity - Zs(n)7 S(n) - /d4]} L (81)
n=2
LM 3, 22T £00E hy © 0 KOS SRS hy Iok BENE.
n 1 v
5 = / da oy (8.2)
B, 7272 L,
XL =0 (8.3)

ZEERT 5, HEETERII.

2 X =T (8.4)

n=1

THb, £oT,
X1y = (T Zx (8.5)
Y733, (3.9) 13
g)xuauTW/ = _FAMVTHV (86)
VC\‘% D 7::0 J: OT\
g)\,uayij = _F)\,uu ZX‘&V) (87>
n=1
ThHB, b (85) &0,
Do Y Xh 4 (e + ) D 9uXfy = 0 (8.8)
n=1 n=2
255, £oT.
nk,u,aux‘éy) = _FAMVXéLl/) (89)

n,\#ﬂl,xﬁ'“) = FA,LWX hA“&,X (n) (n = 2, 3, s ) (810)

1R %.
18



(8.3) & (84) 5 LODRE S, HUT (8.9) 25 LY MR E B, 2L T, (8.10) 55 LW,

L£O . RE B,
L DFwEE,
1

£®:§memmﬁww+@@M@mg+%@wmm+wwmm@@

(8.11)

THb2, LOFMFEATERL, (MRCTHRET S, LB ITIFZTINTIT 41=24 THD & 73 2 25,
SHEIL DD 5, HIZEHDTESICE D, 16 HEDOIEOMIZ 2 DDOBBRALTFET %, Lo
THS DR 4ETH 29 , S LE CHWETHRAT, W X EXRDEEZRD 3

DIFNEETH 5,

7£ %\

L= L

ERBITTTH %,
8.2 WIBEBRDZIZVITUVEE

(811) D a; (i =1,2,3,4) ZRET 5,

EJEN

XL = 20,00 + ay(9“0,h™ + 0”0, h")
+az(0"0"h + n“”@aaghaﬁ) + 2a4n*0Oh

ThHhsb, £oT,

Aux(1y = 20:0(0h)" + ay(9"(90h) + O(Oh)")
+az(0"0Oh 4 0"(00h)) + 2a40"0h,
(OR)" := Qb (DOh) := 0a0zh*"

5%, L&D,

2a1 + a9 = 0,
as +az = 0,
a1+ ays =0
/™5, T kD,
as = —2a;, az=2a;, Ga4= —ap

X%:zmpwhwwamuﬁ@mW)

(010" b + ™ 9,05h°P) — v Oh|

1 1
d%:adywth%MW—@mW&M3+@mW@h—Ew%wwm.

0774 <y [1]IC&B L 1I8THL LW, KE?

19

(8.12)

(8.13)

(8.16)
(8.17)
(8.18)

(8.19)

(8.20)

(8.21)



Z DFEERIZ.

1 1 1

R = 5osR") = 5[ = Dhas + 0,00y + 0,1 — D50
+77045Dh - naﬁauauhlw} ) (822)
1
iv —gR = —i [%T}aﬁaahwagh‘w — 0, 0,17, + 0, 0, h — énl"jﬁuh&,h
+O(h*) (8.23)
EEEL TV, £
1
== (8.24)

TH5,

20



9 EORDDHFDIE

Z DHEITIE, BRI RN R REE Z 5, BARIIZIE. BEORE D oK FOEEZ#2 X, H
BBHZHHNS, 2XDF 7507 vEE LOTCIHEHABBOARZE 2 FFRELFHATE R
W ITHABEZIEL S RDZIIE3IRONE LO) BDRETH 5,

YR 131 8T 5,

9.1 BT, BNBIHE D—i%EE
(2.17) & b, BRoOEHHEXIL,

%[(mﬁhw)%{f] —% ¥ W%H% (9.1)
Y5, G
hy = diag(ho, hs, hs, ) (9.2)
5%, (9.1) DZERED (i = 1,2,3) &,
d% [(1 + hs):iri} = % [&-hot'2 + O;hs (i + 9° + 27) (9.3)
Yib, TIZT X =dX/dr, t =2 TH 5, (9.1) DRI 1.
% [(1 - ho)t} ~ 0 (9.4)
£i%%, TZT,
Aohy =0 (9.5)
ZARE L Tzo
c=1&3d¢k,
Gt = —1 (9.6)
Thd, TDOHE.
(1 —ho)t? — (1 +hy) (@ +9*+3%) =1 (9.7)
THb,
(9.4) b,
(1 — hg)t = K = const. (9.8)
THs, Thi (9.7) k.
i —(1+h) (@ +9?+2%) =1 (9.9)




ThH %,
v 22T,
iiﬂ+h)@x-—ﬁxﬂ—liﬁl+h)}$—7;UY+MWﬂf (9.10)

T

THb0 5. ho, hy r = /22 +12 4+ 22 DADEBE T2 2, (9.3) DA 2 12HFIF 5,
EoT, EROAHDZ0THS :

[(1+h )@z — i )] — 0. (9.11)

Ly = (1+ hy)(2y — y2), (9.12)
Ly := (14 hy)(2z — 2z), (9.13)
Ly := (14 hy)(gx —2y) =L (9.14)
RTFET 5,
Gy Li=Ly=0%RET 5, ZOW, MEERRT, p=7/2(0=0)TH237, £
L = (1+ hy)r?6, (9.15)
P4+ 2 =07 7 =%+ (%)29’2 (9.16)
TH 5, (9.16) X b.
K? ) dr
g~ () [r+<d9>] 1 (9.17)
THB, Tl (9.15) & D,
L
1
(1 + hy) (9.18)
72 DT,
K? L? ) dr\ 2
T 2+ <@> | =1 (9.19)
Y5, G
u = % (9.20)
bl IS RN
du 2@
5= (9.21)
1 /dr\2 du 2
() = () (6-22)

NZZTDO, 9 IFZL DLEENTH %, DFD, ZITD o TBEHFIZO EDPNZDBDTH 5,

22



72 DT,

2 2
1fm_X1imﬂﬁ+(§gj:1’
2
u2+<fl—z>2: <1[_(h0—1>1z2h8

25,
Gy MEHRLr=0)CH2EOHEL L,
¢ = —2GMu,
hy = —ag¢ — ag® + O(¢?),
hs = —B¢ —bp* + O(¢?)

PRET 5, ZDE =,

K2
1— hy

—1=K*(1—-a¢—ap®*+a*¢* +---)—1

=K?-1- K¢+ K*(a®—a)p*+---,

K? 1+ hy K?2—1 K3 K?
( ‘_1> 2 L2
K? -1 K? -1
12 Bo— 12
= A+ Bu+Cu®+---

L%, 272U,

bo? +

7 ¢+ ﬁ(ﬁz —a)¢’
K2af
12

K?—-1
A = 77
2GM
B = 72 K2a—i—(K2—1)ﬁ,
2GM)?
C—( LZ) [K2(a2+aﬂ—a)—([(2—1)b
ThHs, EoT,
du\2
2 SN 24 ..
u+<d0) A+ Bu+ Cu® +
(\_).7;50 :h%e«c\\?ﬂlﬁ\bvfc\ %ﬁi$ﬂ?ét\
Pu 1
d*u 1
21585,
U = B + v
- 2(1-0)

¢* + O(¢°)

(9.23)

(9.24)

(9.25)
(9.26)
(9.27)

(9.28)

(9.29)

(9.30)

(9.31)

(9.32)

(9.33)

(9.34)

(9.35)

(9.36)



A IR N

L%, RO,
v = vgcos(vV1—CO)+ vy sin(v1— CO)

TH DO, EHAZ. AEL
2
Virel
2T 27008 N %, LHRD 1AM I & DR,
(2GM)?

=21 + Cr + O(C?)

§=COn =1L K0 + af —a) — (K2 — 1)19]

L2

(2GM)” (@®+aB —a)

12
Thd, TIZT, K2~1& L7

~ T

9.2 RIERDELEEDMHIE

Iy %
iy =
MHRD B L.

(aqy, Bay, aqy, bay) = (1,1,0,0)

LB IE%,§93TRY, AT 1. REDEUTHZ I 2RT, B,

i = 1
B Z 1A,

1 3
(), By, a@), be) = (17 1, 5 —§>

275 1o MAT 2 1. 2RETOHRELTHZ Z2RT, LoT,

(5(1) =T L2 . 2,
(2GM)* 3

0 =T33
4

0 = 30

(9.37)

(9.38)

(9.39)

(9.40)

(9.41)

(9.42)

(9.43)

(9.44)

(9.45)

(9.46)

(9.47)



Td 5, 5(2) ZEER L 59D, 5(1) FEDRW,
BB, T4 axg HERDMIL,

m= (002"

Gik = Oik (1 — %)4

ThH5 4, £oT,

h0=:1-<14-?>2(1—-?>2

4 4
B 6 SN[ b 3 &
- (g ) (g )
_ g to 3 s
=50 -8+
BILU,
_ 2%
hs_—1+(L—4>
3 1 1
BT
2185,

9.3 REXDTA> 2814 HFRERDER
(9.41) ZfRZ 5o (9.41) I,

X" = &I,
1
X = RE}V) — 577/JJ/R(1)

75 %,
5. 28T VYL X, T LT

_ 1 i 1
K 1= Xy = X, X 1= X5, wazwa+XM

9%, TOLE,

X=(1-D/2)X=-X

THb, D=413IXLTH5, XoT. FFT >IN LT,

- 1 1
X/“/ = Xl“’ — 57’]#1,X + 577qu
=X

nv

7%,

25

(9.48)

(9.49)

(9.50)

(9.51)

(9.54)

(9.55)

(9.56)



ST,
72D T,
Eib, £

[ — Dh)\ﬂ + (‘L&Ah“ﬁ + 85(‘)Hh’3 - E)gc%h}

[ — Ohag +20,000", ],

|
N~ N~

YA, ZZTur—L RGN

o, =0
ZRT L.
Uy = —2/<;Tw,
5%,
T hy KDOWT 0 XDUERLIT,
T = pu'u”, nuutv” =-1

TH2, pldEBEET, v THERZ PG THD, ZOL X,

1 |
ﬂwzd%%+§m»%§p&%@LLU

ThHsb, £-oT.

kM 2GM .
by ~ o diag(1,1,1,1) = — diag(1,1,1,1)

B, ThED. (942) 2175,

9.4 PPN/NSX—%—
Parametrized post-Newtonian(PPN) BB TIX,
ho = —o— P24 06?),
hs = —vppng + O(¢?)

THbd, D%D,

BPPN>

(a, B,a) = (1,vppn, 5

26

(9.57)

(9.58)

(9.61)

(9.62)

(9.63)

(9.64)

(9.65)



Th2, ZDOLE, (9.40) 1E,
(2GM)?

d~T T3 (@® +af —a)
_ 6(GM)22—5PPN+27PPN_6 2 — Bppn + 27ppN
T 3 = 0GR 3
Y%, —MMENER T, Bepn = yppny = 1 Ty
6(GM)?
(5%5(;}{:77' (L2>

&b,
PPN EFIZOWTEH LXK FAD /=[5 2Dz b, iz, REOFBITX 5,

b HEETORHABENCOWTIX, A/ — b 6] ZBBDOZ b,

27

(9.69)

(9.70)

= a—



|\

A h,w DIRDZIZVIOT VEE | —HRR
VEEZD, 4.
(irigisia) == h""} 0, h" 2,0 W, (A1)
5%, ZITC, i, =1,234THY, iy £ilk#£1)THb, LD,

LB = Z g(i1i2i3i4)(i1i2i3i4> (A.z)

(41,82,i3,i4) €Sy

Y 2UJBETETZ, S 3AROEHREETH S, 2771,

(1342) = (1234), (3214) = (2341), (3412)
(4123) = (3421), (4231) = (3142), (4312)

(2431), (4213) = (2143),
(2134), (4321) = (3124)  (A.4)

—~
?>
w

SN—

DEARDH 2 DT, 16HIZEOE S, Lo T, —KDIBI,

LP = gihdhdh + gohd,h*P D hap + gsh,hPOsh™, + gihasd*hd°h
+05has0"h 0P + gshag0* W0 0,h7s + grhasdy h0OThs + gghagdyh™ 0sh™
+99hasOsh0* WP + g10hasOshd R + g1 h(Oh)*Ouh + g12hasd” h® (OR),

+ 913100 R(ON)? + g14hasdyh? (OR)Y + gi5h(OR)o(Oh)* + gi6has(Oh)*(Oh)”

THs, TIT,

(OR)™ := OghP™ (A.6)
THd, 7.
(80h) := 9,05h*" (A7)
3%, BUT,
oLt oLt
o _
Xt = =( dh,, @a(amw))
16
= gxly (A.8)
=1
ZRD, RIZ
(OXi))p = TIAMauXﬁ/ (A.9)
ZRD B, (8.9) &,
> 9:0xws = ~LuasX () = Vi (A.10)

28



THDH,
X3 = 4g[— O + 0%(0h)" + 0°(0h)* — 0°0°h+n*°Th — n*?(00h)],  (A.11)
g :=— (A.12)
ThHhs, EoT.

V]9 = —20,has0R + 40,has0%(0h)? — 20,hasd”0”h
+20,h0h — 20,h(00h)
+40,h,50R* — 40,h,,50%(0h)® — 404h,50° (Oh)* + 404h,50°0h
—4(0h),Oh + 4(0h),,(00h) (A.13)

Y%, ZORDS {g )8, BIRE S,
{[d]}:8 WAL TRV Dy adbd,c EWVWIBEEEZ Do a,b,c DI BT ENERZAF u,v b
BEN. a0 b0, FAN T =T D, TDLE,

ad,bo,c = —0,(ad,b)c
—0,a0,bc — a0, 0,bc
—0,a0,,bc + 0,(ac)0,b

—c0,a0,b + c0,a0,b + a0, co,b (A.14)

[ERI

0. {8, ORICEIEA <o 7L, a R T ¥ Y L OB,

a"9,bo,c = —c0,a"0,b + cd,at 0,b + a""0,,c0,b
= a"0,c0,b (A.15)

I2DT. ad,bdc e hd,bd,c DXA TDIHIFEZ72 LTIV, ET,

3] = hd,h*Pogh7,
= — 1, 05hd,h + 17,0, hdsh™® + hdgh*Po,h7,

= —[9] + [13] + [15] (A.16)
Thd, £z
(6] = had®h?°0,h"
= —hP0R 0 hap + h50,h 0% hag + hapdy P 0%R7;
= —[8] + [16] + [12] (A.17)
ThHo, B8,

[11] = hoshP*0,h
= —hdghP®Oyh + hO,hP*dsh + hOah’*dgh = [11] (A.18)

29



ESEON

[14] = has0,h*P9sh™Y
= —h0,h* Oshap + h10sh PO has + hasOsh®0,h%Y = [14] (A.19)

THbd, &oT,
(3] +[9] — [13] — [15] = 0, [6] + [8] — [12] — [16] = 0 (A.20)

ThHb, &b, [15], [16] ZHT 2 TE 2,
5% C T {(0Oxp) 18, ZETR L. {g:} KREIN2&:M4 b2 KD 2,

30



B 3RD7ZA>aRA4Y EIRILEDZTZDT
TAYTaRAY ARV IDT T2 7 VEER hyy D3RXRETERT %,
B.1l 7AY2a%A4Y EIRIWVEDSITZFVOTURE

(7.64), (7.66), (7.67), (8.12) X b,

IE

ﬁié?i,
£ /g = 4G® + 2nG? Zﬁk,
GO = qBa) L Gy
4GB — gy [(2>ppw<1)pwup + e @y @ (77 <1>ppw<2)pww]

= 21+22+23+Z4,
65 — _gper [0 Oy _ e M)
4G = —ape|Ore O, W2 Or

£

= Z5 + 267
£7 = 2hG(2)

TH B, g=1/(85) THB. 5. b7, ZXFRF VYL L L,

Gi(a,b,c) = 4a“”b""c'y)‘f‘awl“,\w,

Gs(a, b, c) = 4a"”b”"cﬂf‘gvpf‘,\w

e I N

Z1 - _Gl(na h77])7

22 = —Gl(ﬁa% h>7

Z5 - _Gl(hﬂ?ﬂ])>

Z3 = Gz(n,h 77)

Ly = Gs(n,n,h),

Zb’ = Gz(h , 77)

1
PG, m) = G, 1, m)]

A

%3 Gi(a,b,c),Ga(a,b,c) KD 2, EFLD,

Gi(a,b,c) = a" b0, hyy + Oyhoy — Oohaw][0uhay + Ophirn, — Orh),
Ga(a,b,c) = @b 0 hgp + Ophgy — Oshoy)[0phaw + Ouhiay — Oxhu
= a" V70 heg 20,y — OrPu]

31
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(B.1)
(B.2)

(B.3)

(B.4)



ThHs, SHLREMTZ L.

Gi(a,b, c) = a™ V0, hy,0uhy, + a0 0,y 0y, — @ VP 0, hyy Orhyy

+a" b 0, honOyhiy + a6 0y Ophiny — a0 0y hgy Orb,

—a" b 0y by O hy — @07y, Oy hiny + @V Dy by Oy, (B.18)
Go(a,b,c) = 2a“"b’)"c“87h0p8,lh)\y — a“”b”"cw\avhap&\hw (B.19)

T b,
Ko T,

Gi(0,1,m) = O3B SOl + Dyl @ W — O, hy, 8B
+0 g D1+ I B O, — Dy By
— O WOyl — Oyhap0° W™ + Oyhey OB
=2)+@)-DO+D+2@)-2)-2) -1+ (2)

=2(2) = (1) (B.20)
&ixb, ZIZT.
(1) := Oahyw0*hH, (B.21)
(2) == 9,h"9,h°, = (2)), (B.22)
(3) 1= 8,1, h, (B.23)
(4) == 9,h0"h, (B.24)
(2) := 0,h,”0,h" (B.25)
ThHbd, .
Ga(n,n,m) = 28,hd,h"" — 8,hd"h
=2(3) = (4) (B.26)
THb, £oT.
G? = E[Gl(nm,n) — Ga(n,m,m)]
= 211 +2(2) — 203) + (4) (B.27)
&izb,
EAR
. 1 ) 1
L7 =h[-51)+(2) = 3) + 5(4)]
= —%[2] + [3] = [11] + %[1] (B.28)
THb,
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EAN

G1(n, hyn) = W70 hey0hsy + W70 hu D" — W7 00 O By,
FRP O R O + 17 0B Dk — B B O By
— 17Dy WDy heyy — BP Oyl D)W + B Dph 0, by,
= [8] + [6] — [7] + [7] + [6] — [8] — [6] — [5] + [6]
= —[5] + 2[6]

FSEYON

Ga(n, hym) = 20770, hyp(OR) — BP0, by
= 2[14] — [10]

ThHs, £,

Gi(n,m, h) = h0,h7 9, hae + W0, gy, — W0, h7 Ozhyuo
FRPORTOuhrg + W0 hay 0 by — W0, hgy ONRH
—h07 0 g — W0y hy, 07 R + R0, by O\RHT

= [6] + [6] — [5] + [7] + [8] — [6] — [8] — [7] + [6]
= —[5] + 2[6]

BIU,
Ga(n,m, h) = 20720,h(0Oh)s — K70, hO\h
= 2[13] — [4]
Eb, £,

G (1,1, h) = B, R 0,007 + WO R0 Dy — W0, R, 077
R Oyl @ + B O, W Dhy — W 0,07 0y
B Dy, D h7 = W Db OB, A B 07 B
= [6] + 8] = [7] + [5] + [6] — [6] — [6] — [7] + [8]
= [5] — 2[7] + 2[8]

FSEON

Go(n,n, h) = 210" 0"hdy, ey — WY O'h, Ny,
= 2[9] — [10]
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(B.29)

(B.30)

(B.31)

(B.32)

(B.33)

(B.34)



&5, XoT.

L, = [5] — 2[6], (B.35)
L, = [5] — 2[6], (B.36)
Ls = —[5] +2[7] — 2[8], (B.37)
Ls = 2[14] — [10], (B.38)
L, = 2[13] — 4], (B.39)
Ls = 2[9] — [10], (B.40)
Cr— —%[2] +[3] = [11] + =[1] (B.A1)
25, UEXD,
o= S L
= S0 = 512+ [8] — 4] + [8] — 4(6] +2(7] — 2(8] + 2(9] — 210
—[11] + 2[13] + 2[14] (B.42)

2185,
SHR (7] 12iE, BRIFZEDOFRD T, 74V a2 RA Y - ARV NDI T3V IT7 VEER 4
RECTEMLEZEXAD#H > TV,

B2 JT7AURDIIISTUERE

[Micks k.
LG

—g ho‘BBV‘S@Va;EW + hfhWDﬁaﬁ — QhQBhﬂ‘S@V&;EVa
R | S5, 1 >
+WMM8MW6m5+§hwhw&¢Mﬁ@+ZhM%&Hq
= ‘c’ggynman (B43)
THhs, ZIT,
hPh1°0,05hap = —05(h*PR°)0,hags
= —h°05h*P 0 hap — W (Oh) 0, hag
1 1 1
:—mwmwmmﬂ+yﬁmw@mw+§m%m@h—1@mmh
1 1 1
—MMWM%%mﬁ+§Hwﬁhmmw+5h@@%%h—ZMWM%h
(5] 4 (2] + S[] — S[1] = [14] + =[10] + [11] (B.44)
- 2 2 2 2 20 '
h.Ph*Ohag = —05(h, W)’ hag
= —h"*0sh./ O hap — h. Osh" "0 hag
1 1
= —W0sh, 0 hag + Sh"0shaa0h = b O5h P hag + Shaash*O°h

= —2[7] + [10], (B.45)

34



—2h*°h 0,057, = 20, (h*°hS)0sh7,
= 2h;0,h* 057, + 2R 0 h g O51,
= 2h 0,h*0sh7, — b (Oh)° Osh + 2h*°0,h g Osh™, — P 0o f Osh

[0

— 2[6] — [13] + 2[8] — 9],
15 (OR)% (D) = 2h5(OR)*(D

= 2ha5(OR)*(OR)P —

[
h)P — 2hap(0h)* 0P h + 1h as0“hO°h

1 1
+§ha58°‘h65h — 7h0"hdah

1 1
= 2(16] — [15] — 2[13] + [11] + [4] - S [1],
%haﬁhaﬁava(;m& = —%av(haﬁhaﬁ)agmﬁ
= —has0,h*? (Oh)7
= —haz0,h*? (Oh)T + %haﬂavhaﬁmh
1
= —[14] + Z[10],
2
ihh@va(;h”‘s = —%h@vh(ﬁhﬁ + ih&hmh
1 1
= —5[11] + 1[1]
ThHsb, £-oT,
w 1 1
Liovmman/9 = 511 = 5121 = [4] + [5] — 2(6] +2[7] — 2(8] + [9] — 2[10]
—[11] + 3[13] + 2[14] + [15] — 2[16]
#18%, 72, (A20) & D,

Thd,

DT,

Thd,

(3) 1
EFeynman/g 5 ] 92
=
w 1 1
= olll=3
[
(B.42) X 1.

* L= Doy 3] = (4] + (5] — 206+ 2[7] — 2[8] + 2[9] — 2[10]

— =[2] + [3] — [4] + [5] — 4[6] + 2[7] — 4[8] + 2[9] — 2[10]
_l’_

£9/g = 511~ 5120+ 8] — [4] + [5] — 4(6] +2[7] — 2(8] +209] ~ 2010]
—[11] + 2[13] + 2[14]

L) el 9 — L5319 2 2[8] + 2[12]

Z XMW DO TIE R W,

BZOL 774y~ U PEES>TVS,
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h(Oh)*(Oh)q — 2ha5(8h)"‘85h + h(Oh)*0,h

(B.46)

(B.47)

(B.48)

(B.49)

(B.50)

(B.51)

(B.52)



B.3 fiD3HER

SCHR [8] Tld. I8 A DHIETIRDI IO 7 VEERFELTWS LS5 TH S, R
3. (BA42) oA —HLTW3,
SCHR [9) WS8R A DFIET3RDZ 7507 VEERFHEL.

£0)g 2 21— S[2] ~ [4] + [5] - 4(6] +2[7] — 2(8] +[9] — 2(10]
—[11] + 3[13] + 2[14] + [15]
= ‘C’(L?;)pez—Pinto/g (B.53)

PHETVWS, 2.

0 b9 2 51— 521+ [3] — 14 + 5] — 4(6] + 207 — 2(8] + 2(9] — 2110

—[11] + 2[13] + 2[14]
= L3/g (B.54)

7%,
SCHR [10] TS by D3RDZ 75 297 VEERMEDOTETIEL T, fiFE. (A5)
T hyy & by, TEBERZLETH D,

me—5y+mw—a@y—uw =¥ (4 RTE) (B.55)

9 Kimura

NS

Y728, (k' & [k] Thy % h, CEEZHZb0THZ, LRI

1r1 1
il 9 = 5510 = 512)+ 3 = (5] + 2[7) — 2[8] +2(9) — 2(10) - [11]]  (B.56)
rHEITBY), 7B,
‘C’gi)mura 7& ‘C;Z(J?I:I)7 2‘C’g’i)mura 7& ‘C’g?{) (B57)

Thd,

OIELD /2 1% g DI BERRENT BB,

0 D KIHFAETIE
7 = (7000 + 0= 5120~ 5 20, 8= 81— 0+ 31— 5081+ 5001 g
DW=—B;%m}Qi%D

YibZ RV,

36



C h,D3IRDZTZFUOTUEE . BENLGEHE

hu DIRDZ 5 VI 7 VEERIRET %,
KEOBEXENL 9] TH 2, AFEIZIEZ, FLEIZADKS TOWLATRENEDL D 5,
BUFTld,

DEIREXHE2T 5, DOFD,

AR

z]_

= 5(14:‘“/ +AV#)

DHOESTRELITMIMEEINT VD, %7 (00h) = 0,05h* &5 %, ET,

X(y =

Xiz) =

o

X3 =

nz

X4

1%

Xs] =

pro_
Xe] =

pro_
X7 =

Xis =

Xig) =

X(10) =

[ —20,h0%h + 40,(h0*h)]
7" [20,h0h + AhOIh),
— 2 D, BB ho + 40, (RO B
— 2 9, P ho + 40, RO H + AT,
—on 9, h*P 5N, + 20 (hO" ™) + 205(hd"h*?)
—on 9, h*PDah™, + 20, "W + 20, hoP R + 2hd (DR + 2hd” (DR,

= —20"hd”h + 40" 0, (h*P Ozh)

—20"hd" b+ 40" [(Oh)*Oh + h*P 0,051,

—20"hP 0" hop + 40, (WP Ogh™)

—20"hP 0" hog + A(OR)* Duht™ + AR*P D 05hH™

—*WO R — O WO, RYS + 20, (WP hg') + 20, (RF0,h™)

(C.1)

1 DOHDOFES T p, v RFMEEI N TV B LIRS0V, 2

(C.2)

(C.3)

(C.4)

(C.5)

(C.6)

—O ROy — QP ROOOL RS + (D) DR + (OR) DL + heP D0 hy + hP,0"h !

+20, W0y + 10, (OR)” + W0 (Oh)X,
—20, R O7h"s + 40, (h"507 R
—20, W07 hYs + 40,1307 B + 20" OB + 21" OB
—20,h"° 050" + 40, (h'"30"h)

=20, Osh”Y + 20, 1"'30"hPT + 20,07 50" B + 20,0 (0h)” + 20”30 (0h)”,
= —2(0,h"hY) 4 20 0y (hapd™hPY) + 20, (h**0"h)

—0,hO" R — O hO" MY + 20 [0, ha g0 RPY + h*P 0, (0h) 6]
+(0h)*0"h + (Oh)" 0" h + h* 050" h + h* 0,0"h,

= —20,hd"h" + 20" 0., (hasd"h*?) + 20, (h* 07 h)

20 [0y hagd h® + hogOh®) + 21Ok,
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(C.7)

(C.8)

(C.9)

(C.10)

(C.11)



X1 = =20 (0h)*0ah + 20" (hd” ) + 20" Da[h(OR)°]
= 20"hd"h + 2h0"” h + 20" h(DOh), (C.12)
Xfig = —20"h"(9h), + 205" (0h)"] + 20" (h*Psh", )
= —0"h"(Oh), — O"h*V(Oh)., + 2(Oh)*(Oh)” + h*P05(OR)” 4 h*PDg(Oh)"
+0"hPOghY, + 0" P Agh”, + h*PDz0 hY,, + h*P 00" (C.13)
Xfiy = —20"h(Oh)" + 21" 0o [h? (Dh) ] 4 20" (h* Do)
= —0"h(Oh)" — 0" h(Oh)" 4 20" [(OR)*(Oh) o + h*’Ds(Oh) 4]

+O"h Oy + OV W Duh + B O Oy + W D" Dyh, (C.14)
Xy = 20,0 (Oh)Y + 20, [W* (0h)"] + 20" (hapd” h*”)
= 20" (OO + 20" hapd” h*? + 2h,50" 0" WP, (C.15)

XLy = =201 (0h)a(0h)° + 40" [h(Oh)"]
= —20" (OR)(OR)™ + 20" h(Oh)” + 20" h(OR)" + 2hd"(OR)” + 2hd” (Oh)*, (C.16)
XLy = —2(0h)"(9h)" + 40" [h*°(Dh)a]
= —2(0R)"(DR)” + 20"h"(Dh)a + 20" K (h),
217 0M(OR)o + 20" (Oh)4 (C.17)

THs, £,

(Ox) i = 0u[205h0*h + 4RO
= 40,h0,0°h + 40,h0h + 459,00, (C.18)
(OX2)p = —20,[0,hapd"h*®) + 40,(0,h0"h ) + 40, (hh,")
= —40,ha30,0"h*’ + 40,0,hd"h,” + 40,hD7(Oh),,
+40,h0h,} + 4h0(OR),,, (C.19)
(Ox(3) = —20,0,h*P 95", — 20,h*P9,05h7,, + 20,0,h0" W, + 20,hOR7,
+20,0,h0, 1" + 20,00, (0h)" 4 20,hd,,(Oh)” + 2hd,(DDh)
+20,h0" (0h),, + 2h0(0h),,
= —20,0,h*?9h", — 20,h°P 9,051, + 20,0,h0" K", + 20,h0IR),,
+20,0,h,h" + 40,00, (Oh)” + 2hd, (00h)
+20,hd" (0h),, + 2h(Oh),, (C.20)
(Ox(4) ;e = —20,(0,h0"h) + 40,[(OR)*Onh + h*P 0,05
= —20,0,hd"h — 20,h0h + 40,,(0h)*0h + 4(0h)*0,0h
+40,h* 0,0h + 4h*P0,,0,05h, (C.21)
(Ox5) = 0u[—20,h*P 0 hog + 4(0h)*0uh,” + AR 0005h,) ]
= —20,0,h*" 0" hop — 20,7 Ohag + 40, (0h)*Oh,} + 4(0h)*0a(0Oh),
+40,h*0,05h,” + AR 0,05(OR),., (C.22)
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(Oxi6) = —0,0,h° 0, k"5 — 9,h7° 0. (Oh)s — Oh 0, h,s — 0V h7°0,0,h s
+0,(0R)*0,h.” + (OR)*0,(OR) o + 0, (OR)*0” hay + (Oh)*TOhy,
+0,h° 00,1y + h*P0,0,(0h) 5 + 0,1’ 0,0" hg + W’ 0,0,
+20,0,h,2 00 + 20,0, 00 (0h) + 8,0, 0a(Oh)” + 0o (OON)
+(0h)*0a(0h),, + h'*0,0,(0h),

= —0,0,h"°0,h"s — OR° 0,5 — 0V 1°0,0,hys

+(0h)*0,,(0h) + 0, (OR)* 0" by + (OR)*They,
+0,hP0,0,h8" + hP0,0,(0h)5 + 0,h*? 0,0 hg, + h*P9,0hg,
+20,0,h,* 00" + 30,0, 200 (0h)) + h,*0,(00h)
+h"*0,,0,(0h),,

(O = —20,0,h, 0" R”s — 20,1007 (0h)s + 40,0, h,50" R + 40, 1,507 (Oh)°

+20,h,,s0R% + 2h,,50(0h)7 + 2(0h)s0R°, + 2h"30,000°,
= —20,0,h, "W’ + 40,0, h,50"h" + 20, 1,507 (Oh)°
+20,h,s0R% + 2h,,50(0h)° + 2(0h)s0R°, + 2h* 30,04,
(Ox)u = —20,0,h,0 050" — 20,0 05(Oh) + 20,0, h,,50" WY + 20, k500
+20,(0h) 30, W7 + 201" 30,0,h" + 20,h,,30" (Oh)° + 2h,,50(0h)°
+2(0h) 30, (0h)° + 2h*30,0,(0h)",

(Ox(9) e = 20,05hag0" R’ + 20,hap0,0°R°" + 20,h*P 0, (0h) 5 + 207 0,,0,(0h)

—8,0,h0,h" — 8,h0,,(0h)" — 8,0,h"h,Y — O, hOh,)
+0,(0h),0" b + (0h),Oh + (00h)d,h + (Oh)*0,0,h
+0,8%, 000 h + B, 0aTh + (1) 0aduh + h* 0,040, h

= 20,0, hap0® WP + 20, hagd,0° BT + 20,170, (0h) 5 + 2h°70,0,(0h) 5

—0,0,h0,h"" — 9,1, (Oh)" — 9,hIh,!
+0,,(0R),0" h + (0h),Oh + (00h)0,h + 2(0h)"0,0,h
+h®,060h + h*8,060,h,

(Ox0)y = 404hap0, 7P + 20, hasDh*® + 2h,50,0R°
+2(0h),0h + 21*,0,00h,

(C.23)

(C.24)

(C.25)

(C.26)

(C.27)

(Oxp1)p = 20,0,h0" b+ 20,h0h + 20,h8,0" h + 2h,0h + 20,h(00h) + 2hd,,(00h)

= 40”18, 0,h + 20,h0h + 210, 0h + 20,h(00h) + 20, (90h),

39

(C.28)



(0X112)s = —~0,(01)(8h), — 8,110, (9h), — TIh,(9h), — 01,0,(0h),

(3X[13])u

(Ox[141)

(Oxs)u =

(aX[16])u

+20,(9R),,(OR)” + 2(Dh),,(9Oh) + 8,h,/D5(Dh) + h, P D5(D0N)

+(0h)%05(0R), + B°0,05(0h),, + 0,0,h*PDsh”,, + 0,hD(0h)4

O Oghye + 0 0P8, 05h,0 + 0,0 P D30, 0", + h*PD30,,(0h)a
+0,h% 050" By + 1P 050

—8,(0h)(Dh), — O, (9h), — 0”h,7D,(Dh),
+30,(0R),,(OR)” + 2(0h),,(90h) + 8, D(Dh)” + b,/ D5(DOR)
+h*80,05(0h),, + 20,0,h*? 9sh",,
O Dby + 20°hP0,05h,0 + h*?030,,(0R)a
+h*950h,0,

— 4(0h)“0,(0h) + 20,h°,(0h) 5 + 218,04 (Dh) 5

—8,0,h(0h)" — ,h(d0R) — Oh(OR),, — 0 hd,(Oh),,
+0,(0h)Duh + 0,0 0,0, + DR, Duh + 0 h®,0,0,h
+(OR)*0uDuh + WD, 0, Db + Dyh%, 0" Db + h®,D0,h

— 4(0h)“0,(0h)a + 20,h°P 0, (0h) 5 + 218,04 (0h) 5

—0,0,h(0h)" — 8,h(00h) — Oh(0h), — 8"hd,(0h),
+0,(0h)*Duh + 0,0 0,0,h + OB, Duh + 20" h® ,0,0,h
+(OR)*0uDuh + W 0,0, 0uh + h®,D,h,

= 2(0h),(00R) + 2h," 0, (00h) + 20,0,hapd” W’ + 20, hasOh

+20,ha30,0" h* + 2h,50,0h"

= 2(9R),.(DOR) + 21,8, (9ON) + 40" B0, D hags + 20,has TR

+2hap0, 00

—4(0h) 00, (Oh)* + 20,0,h(Oh)" + 20,h(90h)
+20h(0h),, + 20”10, (Oh),, + 20,hd,(Oh)" + 2hd,(0Oh)
+20,hd” (0h),, + 2h0(0R),,

—4(0h) 00, (0h)* + 20,0, h(Oh)" + 20,h(00h)
+20h(h),, + 40"h0,(0h),, + 20,hd,(OR)" + 2hd,(0Oh)
+2h0(0M),,,

—20,,(0h),(Oh)” — 2(9h),.(00h) + 20, (Oh)* (Oh) e + 20,80, (0h)4
+200, % (Oh)a + 20" 1,0, (Oh)a + 2(0h) D, (0h) o + 217D, 0,(Oh)

+20,h " (0h) o + 21 *0(Oh),
20, (0h),,(0h)” — 2(9h),.(00h) + 20,h"*8,(Dh)a

+20h, % (Oh)a + 40" 1,0, (Oh) o + 4(Oh) 3, (Oh) o + 217D, 0, (Oh)

+2h,°0(9h)
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(C.29)

(C.30)

(C.31)

(C.32)

(C.33)



ThHd,
o ZIHY L.

Zgz aX[z ZC (034)

EiEL, Clo) BRITH %, 3AFHDIADD 505, ZD 55 20 MBI OWTHREZHFHANTAS .

C(9uhapOh™?) = —2g5 + 2g10 + 2914 = —2g, (C.35)
C(hapdOh?) = 2g19 + 2g14 = 0, (C.36)
C(0,h0h) = 4g1 — 294 + 2911 = 29, (C.37)
C(hd,0h) = 4gy + 2g11 = 0, (C.38)
C((0h),Bh) = g9 + 2910 — 913 + 2915 = —4g, (C.39)
C(0uh,s0R*) = —gg + 297 + 295 + g12 = 49, (C.40)
C(0,h0N,) = 492 + 293 — go + g13 = 0, (CA41)
C(hO(0h),) = 492 + 293 + 2g15 = 0, (C.42)
C((0h),(00h)) = 2g12 + 2914 — 2916 = 49, (C.43)
C(9,h(00h)) = g9 + 2911 — g13 + 2915 = —2g, (C.44)
C(Duhasd*(0R)%) = 295 + 299 + 2015 + 2916 = 49, (C.45)
C(Dahyus0*(0R)?) = g6 + 297 + 295 — g1z + 4g16 = —4g, (C.46)
C(95hua0”(0h)?) = 4gs + 3g6 — 295 + 12 = —4g, (C.47)
C((0h)*0,(0h)a) = g6 + 295 — g12 + 4913 — 4g15 + 4g16 = 0, (C.48)
C(h9,(00R)) = 2g5 + 2g11 + 215 = 0, (C.49)
C(0,h*"0,05h) = 295 + 494 — go + G153 = —29, (C.50)
C(0°h’,0,05h) = 4go + 2g3 + 2913 = 4g, (C.51)
C(0,h0%0,h) = 4g1 — 294 + 4911 = 0, (C.52)
C(0°hd(0h),) = 492 + 293 + go — g13 + 4915 = 0, (C.53)
C(h*?0,0,03h) = 494 + go + gi13 = 0. (C.54)

TAYTaRA Y AN MERADLORDET IO 7 VEE (BA) L 9 DT T
7 VEE (B53) k. THER2THAT, 774 <Y OfRE (B.50), (B5) . ZaH5D5
b 6 D&iilife S TR,

EBEANOVHTIE, Lo TR 2 BED D 25, ZOFLHETIEZ DIFERIIENT 5,
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