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3IRIGY — < VY ERIRD 4 POuERMERZE E A D
JRI A A Rt b A 441

RS - BEFH HRkEEn?
Takahiro Hashinaga
Faculty of Education, Saga University

1 &

(M™,g) % m IRILY = VERRIKE L, o 2 M 6 n o622 —2 Y v 24/ R
(n>m) ~OHDAALGEHETSH. R* OFEMESRE gp D ¢ ITEBE[ERLY M™ O
V= VEtB g iI2—HT2LE, DFD o'go=g 27RDLE, o % ERIEDAH LD
e=(p. .., 0" : M™ = R™, (x1,...,7,) & M™ ORTEEET DL, p gy =g IFIX
DEHizRINS:

n

dp® dp® .
= E =1,... .
Y9ij Z 8961 8{Ej (17] ’ ,m)

U7zhio TR OA A MBI RMS AR R0MEE 5.

) — X VSRR DS RO IAAREIZMS R FIZ B 2 HN R MED 1 >Th by, %
COBENFESNTWS ([4], [5], [7], [14], [24], [27], [29]). ¥z, FEDY —= > BREAIE
FTaAEWIOLD =2 )y REMIZERMOIAATRETH 2 Z L PHIoNT WS, R
FERE L TIHIBELS 2RO T WD,

EE 1.1 ([19], [6]). (M™,g) &EMITEY =< Sk T5. ZOL SEEDM
pEM™ IZHUT, p #AT M™ OWMIH U & EMHINGH ¢ - U — RE™HD 3fzde
UT p*go =g ALY LD,

E- R RFERE UL TRA LSS T WS,

I 1.2 ([25)). (M™,g) & C" MY —< Y Bk E T3 (3<r < o0).
(UAW”ﬁ3VNOF®K%JMmgMi%m@m+rumﬁl~7UvF§%K%Eﬂ@
A BTTHE.

(2) M™ DI 7 bDLE (M™, g) % %m(m +1)(Bm +11) ot —2 U v 2]
I D A B TR,

AT O NAIFPTE S5 G (JLBAY) & ORI <
*2 E-mail : hashinag@cc.saga-u.ac.jp
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RIBINZ R OIAATRE R — 2 ) v N2 B ORTEO T Z DWW T, T DRk~ i
FHFIZEDWRINT WS (cf. [14], [13], [15]). ¥ & 12 KIKIKI A EEEHTI S B A A DFF
f£% Greene-Jacobowitz (Z X D RENT WS ([12]).

175, WS DMD Y =< VEFRRIZ D WTIE L DOWRITIZEEARTIE 2 IR WIRTTD 1 —
2w REJIAERBOIAATREZR Z LM SN T WS, Bl IEFR R &/l & EEhs a3
NI M) = VERRIKE M IZTRTELZ 2 xdmM RO —2) v NEMAFEEHD
AARTRETH S ([21]). T 51T, YRDZ L EHERMDAATRERT— 2 ) v R 2
DENRTCIEY =< VLRI M IZIKGFT 50T THEN, 52 5N720) —< VEZRRIRR Y
N SWEWRITDO =21 v REMIZERBEDAARTHED &\ 5 BEIZ O W TIRHEE %
ZU DAL TIENIZ L A LHELI N TR WVIRIIZH 5.

260720 =< VEREPRATERBOAATREL 25 1—2 ) v N2EBOR/NMNOCE
FRLUTWL ETOAEDO—D2L LT, RIXGCEEE L THEEEZHELT 2L\ D HONH
ZH6ND. RIXIGO0, Thbb m R — < VEHIEDY R™ IZREERMEOIAAFRETDH
LD DRBE DR M PEETHE I 20T, JEAWZOIRRKITGA 1 L LEDGE
Thod. —HRIZRRIT 1 DHE, 2F0 m Row) =< VERREDO m+1Rca—27V v F
L ANDERHDAAZ DWW TIHRBH SN T WS,

T 1.3 (#Eihf OFEAEH, 22]). m WL —< VERIE (M™, g) 28 R ~NFfE R
HOAATHETH D70 DBEFHEME, AV ASBAB LTI Ly FHRR %22 T
M™ L@ (0,2) BT YV o BFETHIETHS. TDLE o 2 HARAL
T3 M™ ORFFEEMDIAAD R Oa—2 ) v REMRERWT ~ENIZHEET 5.

ZOEMIE M™ HSHERE 16X M TR T HNEKRIRIIC H R 0 LD, i o HAE
BUZ & D a—2 0y REERNOBEIEE U TEBETRER ) — < U SHEIEMEL TWD &5
IEDLNS. LALIRy FHERIE o BT SRS HRERRATH Y, MBI OmMH
FFRRRDMOIFEN 2 RT I L ZREETH S, Lihi> T OEMIZHERMDAADE
FaERTEICIAHATH S, ZOEMEF > TEEMOAADIEFIEE RS I L IFHL W
ZDZENORIRIG 1 DEEIZEWT B RATERMDIAADVIFET H720DD (M, g) DHLE
PEIZ LD BEFTDRMEEZEZLILIZEARTHA D, EIR, H5 generic RIEDH & T
7Y ASiRER AW (0,2) BT >V VORAE, IEFAEIFPNLERRIC & 0 fETRET
BB EPHSNTNS ([30]). X SITRAE D LD

T 1.4 ([30]). (M™,g9) DXL TED 4 LLEDE E,(0,2) BOSFRT > VYV a D347 T A
JifgR &M TR0 o lFa Xy F AR EHZT.

ZIZTRATEIE (M™,g) ORENETH S Z L IZIERLTEL (cf. 22]). m>4 DL
& generic Y =X VERRIRIZ R A T >4 &7 B. U72h > T generic & m(> 4) IRt



D — 2 VSR (M, g) 120 TIRUGER 1 DB —2 1) v K21 R R A o]
HBTHEPE 57D (M,g) ORI EVHETES. L LRSS m =3 OEEI
R T >4 IR BTEORMIIKES R LS. DF 0, AT AAHBRRNERHZT
(0,2) BIGFRT VYV o BEHELZE LTH, Rz horaXy F R 26T L
EEARVDTH 5.

ARETIE, 5 generic RIKED S & 3UGLY =< VLSRR A RoE2—2 Vv RZERIA
R EREHOIAATEEL 725 72O DNIENRIZE 2B EHDEMEEZBNT 2. 2B, ARGT
FERADV =R VUELRRK M 22T C® o953, £72, U M &\ 55 %2 AW 2 25Em
T RCTEFINZREDTH Y, MR RROE & TORFE T 5.

2 AvZRARAE DYy FARERX

(M™,g) & m Wt C® MEMIKL L, ¢ : (M™,g) » R 2% RHHAH LT
5. ¥V, V 2xhEh (Mg) LT (R" gy) ® Levi-Civita 2 L, a :
E(M™) x X(M™) = X(M™)* : @(X,Y) = (VxY)* &2 M™ O AR T5. a
DHEM 1

(Vza)(X,Y):=Vza(X,Y)-a(VzX,Y) -a(X,VzY) (VX,Y,Zc X(M™))
TEHEZLN, 51T M™ LOEEDORY MV XY, Z, W 25 U TRAK D 320:

- g(R(X7Y)Z’ W) = <a(X7 Z)’a(Ya W)> - (a(X’ W)va(K Z)>7 (
(VZza)(X,Y) = (Vya)(X, Z). (

)
)

ZZTRIEM™O)—vUiiRTF UYL ThE. (1) 2 AV 2AARRK, 2) 239 v FA
BRXEWwS. M™ ORMERS MV v 2L DEETSE, M LD (0,2) BT~ Vv
B a BWFELVLT, HoEAER a lda(X,Y) =a(X, Yy RINE. ZOLEHNIRAS
B, aXy FiRRERO &S ItEREINS:

N

—g(R(X,Y)Z, W) =X, 2)a(Y, W) — (X, W)(Y, Z),
(Vza)(X,Y) = (Vya)(X, Z).

(U;x1,...,om) % (M™,g) ORFTEEEHEE U, X; = 3%7: (i=1,...,m) 2 U EDOX
I MNVGET B )= ViR T VYL R EEFDIEMS S = VR IZXN LT,

Riji = —g(R(X;, X)Xk, Xp) = R(X;, X, Xi, X0),

adb‘%, X 60: Qi = (,Y(XZ'7XJ'), Bijk = (VXka)(XZ,Xj) KEB< C\_'., 77‘77\73%:'552, jﬁ‘\‘y
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FHENTU ETU RO LS izRENG:

Rijr = aupo; — o, (1)

Bijr = Bikj- (2)

M™ B R RS REOAATRR L &, B OHARRI Y AR, a8y F5
BRAZM2THIF 7R, Bz (1) BT (2) 2Hi7zd M™ Lo (0,2) BT VY IV o
PAAET IR M™ 12 R RS RO ARTRCH B &\ 5 DAY B A 7 il O
HAREHRTH D (cf. [8], 9], [10], [22]).

3 EHEREZDEADHES

EAER (M 3.3) ZBARBENT 3 Y — X Y ERRAD 4 kot — 2V v N2 R
FREDAATRETH B7-0ODEL 2 DM T 5. 1 D% Weise, Thomas 1Z & 1R D&
RTH5.

EHE 3.1 ([31], [30]). 3TV —~ Y EhkiK (M3, g) 78 R* IZRATE REOIAATRE L T
5. Z0OLE M3 OEMTBEWTIRAK Y LD:
R1212 R1213 R1223

Ri213 Riz13 Ri3e3
Rigoz  Rizaz  Roasos

£ 9 1 2% Rivertz (2 X 2451 TH 5. Rivertz 1Z (M3, g) 73 R ([ZE RO IAAAFER
L ET, R T O LBW BT AN SHEHERZ B EHWTEX .

|R| := > 0.

T 3.2 ([28]). 3wy —~ VERkk (M3, g) 78 R ICRrEREOIAATREL TS, Z
DEELTD 6 DDHERDE D VZD:

1 := (Ri213Ra323 — R1223R1323) 512121 — (R1213R1323 — R1223R1313) 512122
— (Ri212R2323 — R1223%)S12131 + (Ri212 R1323 — Ri1213R1223)S12132
+ (Ri212R1323 — Ri213R1223)S12031 — (Ri212R1313 — R1213%)S12032 = 0,

7o := (R1313Ra323 — R1323%)S12121 — 2(R1213R1323 — Ri223 R1313)S12123
— (Ry212R1313 — R1213%)S12233 — (Ri212 Ra323 — Ri223%)S13131
+ 2(R1212R1323 — R1213R1223)S13132 — (Ri212 R1313 — R12137)S13232 = 0,

73 := (Ri313 Ra323 — R13237)S12122 — 2(R1213 R2323 — R1223 R1323)S12123

+ (Ri212Ro323 — Ri1223%)S12133 — (Ri212R2323 — Ri203%)S13231
+ 2(R1212R1323 — Ri213R1223)S23231 — (Ri212 R1313 — Ri213%)S23232 = 0,
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74 = (R1313Ra323 — R1323%)S12131 — (R1213R1323 — R1223 R1313)S12133
— (Ri1213R2323 — R1223R1323) 513131 + (R1212R1323 — R1213R1223)S13133
+ (R1213R1323 — Ri223R1313)S13231 — (R1212R1313 — R1213%)S13233 = 0,

75 := (Ri313Ra323 — R1323?)S12132 + (Ri313 Ra3as — Ri323%)S10231
— 2(Ry213Ro323 — Ri223R1323)S13132 + (Ri212 Ro3a3 — Ri203%)S13133
+ 2(R1213R1323 — Ri223R1313)S23231 — (Ri212R1313 — Ri213%)S23233 = 0,

76 := (Ri313Ra323 — R13237)S12232 — (R1213 R2323 — R1223R1323)S12233
— (Ri213R2323 — Ri223R1323)S13232 + (Ri1212 232z — Ri223%)S13233
+ (Ri213R1323 — Ri223R1313) 523232 — (R1212R1323 — Ri1213R1223) 523233 = 0.

PAFE, Rivertz 5272 6 DD1E%E X% Rivertz DR EERI L L5 5. Rivetz D5
PEROFEMIZ DWW T 28] £721% [2] D Remark 4.13 (2) 2207272 & 720,

o2 1E Rl #0 £ VWS {EEDS & T Weise, Thomas 3 & ¥ Rivertz D 5f:h3E5 % 5
DIAATIRETH B2 D+ 5L b I 2R U7z, EM 3.1, 3.2 LELEDL LIRNBES
na.

FIE 3.3 ([2]). (1) (M3, g) » R* ~NRBFEEMEDAATRER 513 |R| > 0 % Rivertz ®
SR = =rg =0 &Y.

(2) |R| > 0 %D Rivertz D&MR ri = =rg = 0 2T 7251 (M3, 9) & R ~F
i B DAATRETH 5.

(1) 1% Weise, Thomas # & UF Rivertz OFER 5K S . (2) OFEM & 7R~ 2 FTZ KD FE
ZEEL THEL.

W 3.4. (M3,g) OFEIZBWT |R| >0 27235, ZOL ZRAHD LD,
(i) A ASRANZM T M LD (0,2) BINFRT VIV a ¥ (FF50EWERWT) —&
FHUZAFAET 5. FHZ o WA RO LS icREh5:

oy = € |Ri212 Rioi3 g = € |Ri212 Rioos
=~ |Ri213 Rizizl|’ =, [R1213  Rizos|’
R |R|

g — €  |Rio13 Rioos - € |Rioi2 Rioos

- b - b

=~ [Ri1313  Risas =i [R1223  Ragas (3)
R |R|

(s — €  |Ry213 Ri223 - € |Ryz13 Rizes
=, |Ri323  Ra3a3|’ =, |Ri323  Raso3|’
IR |R|

Il Te=1%F/lF -1 &75%.
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(i) Rivertz D&EBER ri = =r6 =0 LIXOEBFEFRMETH 5:
hi212 = h1213 = h1223 = h1313 = hi1323 = hagaz = 0.
7272 U,
hi212 := a11512232 — @12512132 — @12512231 + @13512122 + 22512131 — 23512121,
hi213 := 5((111513232 + 11512233 — @12512133 — @12513132 — 12513231
+ 13512123 + 13512132 — 13512231 + @22513131 — @33512121),

hi22z = 5(0411523232 + 12512233 — 12513232 — 12523231 + 22513231

— (22512133 + 23512123 + @23512132 — 23512231 — 0433512122),

hi313 := a11513233 — 12513133 — @13513231 + @13512133 + 23513131 — 33512131,

hi3o3 == 5(0411523233 + 13512233 — 13513232 — 13523231 — 022513133

+ 93512133 + 23513132 + 23513231 — 433512231 — 33512132),

hasos 1= 12523233 — 13523232 — 22513233 + 23513232 + 23512233 — 33512232
YU, o lEAY 2 HBAE BT (0,2) BAHT VY VLT3,
Proof. (1) AU XSz 29 M £ (0,2) BNFRT >V NV a 12 LT,

Q11 G2 Q13
A= | a2 ax o
13 Q23 (33

rBEL. ZDrE ADORKNTITN A X

2
Qo2(r33 — (o3 13Qg3 — (¥12(33 (Y12(V23 — (X13(X22

2
A= | anzans — a3z Q1033 — Qg3 Q2013 — 1123
2
(rjaQrg3 — (V1322 (¥12(¥13 — (V11(¥23 Q12 — (g
Roa303 —Ri323  Rioos
= | —Rize3 Riziz  —Riaiz
Ri223 —Ri213  Rioi2

Yib, WIOTHRAEL B2k Rl =|A2>0 %85, koT|R>00r % A
LIERITH O, WATHIR

1 Razo3  —Rizaz Ry
At = A —Rizes  Riziz  —Riois
Risos  —Riziz  Rioio
THZo6N5. L7zh > T
—1
Rospz  —Rizaz  Ryoos

A= (A" =|Al| —Riz2s Risis —Rioais
R1223 7R1213 R1212



AD(11) 5 ay kDB Y, |R| = AP »5

_ Al Risis —Riois
|R| |~ Ri213  Ri2i2

€  |Riziz Rios
|R| [R1213  Riszis

aq1

_ 1 ‘R1212 Ri213
Al

Ri213 Rizi3

5. 22T, eld 1 £72F -1 THD. D o IZOVWTHRBKIZ A D (i,5) kp %
KDBZLTEONG. Wl a 2IDEDICEDZ AT ASRREHELT I L RNbN5.
EoT IR >0, Ay AHRREMZT o FFEEL, POBEOENERWT - EH
THb.

(i) |[R| >0 ®& ¥ (i) £ AV XAEREWET o E—EBHUTHY 3) KATHAHND.
ZOY ELFAE D MO

r1 = —|Alhi212, 712 = —2|A|h1213, 13 = —2|Alh1223,
ry = —|Alhig13, 15 = —2|Alhi323, 16 = —|Alh2323.

£oT, |R|>0DE% |Al#0 &9, Rivertz OFMFREMAET L L% hiju 70 ThHD
ZrEAfEE S, O

EH 3.3 (2) DAVIOMKKEERRS. R >0 BLC ME 34 (1) 547 A LR
Riji = cupaji — oy 2729 (0,2) BUNFRT YV a ¥ (5 DEWERWT) —&
FZFEAET S, 2D a 2HLEWMHLEZLDE 3 2528, o, B 1377 A SRR ILEMS
LTESNBBIEGER

Sijkhn = Bikmajl + O‘ikﬁjl?n - Bilmajk - ailﬁjkm (4)

g, 22T, a BAVAHBRAZHZ L TWEPERMDIAADE “HABA TlEz
L‘f:&), %@;%’Z;Eﬁ&ﬁ ﬂ (=8 ﬂijk = ﬁjik ’S:(FE?‘:‘QL#, *EQ&:HW’CM@L\: k&:/\f%:\bg—é
(4) % BIZHIT 2 ABAL BB L, Zhix—FEIIZBIT 2 Z o1 D, By &

1

Bijk =

{(—2as;a3; + ayjas3)S12128 + (20050035 + 200503 — 20350023) S1213k
— (2a1035 + 205035 — 2000013) S1223k + (—202i0025 + (i 22) S1313k
+ (215005 + 201502 — 20050012) S1323k + (—20130015 + j011) S2323%

THZOND., TOIEED i,p,q ITHFLT

1
Bipg — Bigp = \/—T{auhzqu — ainhaspg + qishiopg }
R

b A J:Of, {5 rm=---=1r=20 8&0%@%34 (11) o hi212 :"':h2323 =0
LR LD i, p,q X UT Bipg = Bigp DI LD, THUE B HIT Ky F IR & W7
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TILRERT S, Ukt > THRITORAEH L D (M3, ) 13 R* ~NRF% RO A A
HTH 5.
FERIDRERS % R L IR EIND XD ICE S e LR \WAS, FEEIZIE Rivertz D5ff
ADWERHDAADBESML LTEZSNTUK, Thdt (R #0 LW HEDS L T)
TREMITIRoT VD Z 2 1F 20 FEL BRI N 572, T OB D — DT Rivertz D5
BAPEWATH 5720, EHENRGETIIRS OPRETH 722 e BFEIT 5N 5. 4
uﬁﬁﬂf F9a @M‘:ﬁﬂ&@“zﬁ'm HHMAZERRTH SN T WS “GWHWHE 2 HWT
L RLEWAEICDOWTE, HlZE [11], [16], [26] mEE S\ ZZE W, 22T
%@éﬁﬂ]&ﬁj&f;mﬁi‘, fEBIZE S &, A OB NES2 W L ToMTEII LT
Rivertz D47 LD RVWR (FER) 27518% W72 R TRRTES. TOHRF
ZHWS Z 2T, AR (T ROMEE) OATERMEZIATEZ20THS. i
BIGIEIC & DA OFEAOZEIZDOWTIX [2] 2BV 72E 20,

A T D FEAE B A B S O R B AVE MR OB AT B R0 D720 (cf. [9]), &
B 3.3 IZHOADED M Z 4 ROt EMREMIZIETE 2. DREHE ¢ © 4 WotEi®
%% N(c) ¥h<

Rijri = Rijii — c(dixdj1 — 0adjn)

v L,
Rio10 Rig1z Rizos Rio1o—c  Riois Ri203
|R| := |Ri213 Rizis Riges| =| Rizizs  Risis—c¢ Rigss
R1223 Ri303 Ro3o3 Ri293 Ri323 Rages — ¢
L. £z, Rivertz DEMER ry =+ =rg =0 OF 1, TBND Rijy 2T RT Ryjpl

WWE S 7-% 7,...,T 2L FIZIE T ZLAROED:

L= {31213(32323 —c) — R1223R1323}512121 — {R1213R1323 — R1223(R1313 — C)}S12122
— {(R1212 — ¢)(Ra2323 — ¢) — R12232}512131 + {(31212 — ¢)Ri323 — R1213R1223}512132
+ {(31212 — ¢)Ri323 — R1213R1223}S12231 — {(R1212 — ¢)(Ri313 — ¢) — R12132}S12232.

ZDEERMPEDILD.

EE 3.5 ([2]). (1) (M3,g) H 4 RoTEMHRZER N (c) IZRATEFRMOAATRER 51X,
IR|>0BXU T, =--- =76 =0 DY LD,

(2) R >08&U T = =76 =0 BRY LD SIE, (M3,g) 1% 4 XouE =Rz
N(c) RS REDIAATRETH 5.



4 EREROKBA 1

EH 33 DIEHE LT, V—TREIEE S D 3IRITY = VERIA M3 = Bxs F © 41k
FTLA—27)y NEEANORFIFEREMOIAAZFZZ D, 3IRTOHET — THEFIRITIRD 2 &
D 5

(A) (dimB,dimF) = (1,2), ds® = d.%‘12 + f($1)2(Ed$22 + 2Fdxodxs + Gdl‘32),
(B) (dim B,dim F) = (2,1), ds* = Edx,® + 2Fdxdzy + Gdro® + f(x1, 12)%dws®.

772U, (A) DG B F,.G & o2, x3 OBIT f(z1) >0, (B) D%ty B, F,G & 21, 22
DHET f(ry,22) >0 2T 5.

ARETIE M3 =B x; F %30t 7 — 7REMIKLITR. £72 B K%, F 27 71
N f 27 —THBERRI 25,

41 (A) DBE

EE 4.1 ([2]). EEM B OKRIZBWT (1) #0 T35, M3 2 R ZRIEE
HOARTETHNIE, 771 °— F FEOEMEEHET, T0OH Y AR K FFRER
K > f'(z1)? #6729, W2 F BREOEHREL T, RERX K > f/(2)? 2737251
R* ~O S RO AADFIET 5.

Proof. GEFIZEM 3.3 25, (A) OV — TR RDOGE
IR = fa1)*f" (21)2(K — f'(21)?)(EG — F?)?,

ZITKIEF OAYAMETHS. £72 Rivertz DERMAERD 6 D2D5ED 4D r) =1y =
ry =716 = 0 (XHEWNIZIHZ XN, r3, 75 &

r3 = —f(x1)* f"(21)S23232( EG — F?),
rs = —f(x1)* " (21)S23233(EG — F?)

Yis. MDA RYICEFEREMOAATREE TS, €33 (1) £ R >0 #2
Rivertz D&M ri = - =16 = 0 O LD, f(z1) >0 BXE EG — F2 >0 »
5, IKE f(x1) #0 OB & T Rivertz DRMEANDIED 2D rg =15 =0 2T I &
&, Sog030 = Sozoss = 0 DE Y F 7 locally symmetric £ 725 Z LM EMHE 5. Kz
dmF =2 ThdIrhd F IFEMELRS. $72R>055 K > f/(z,)? 2135,
K=00r% f/ =02 kD INHEE f"#02FFTS. £>T K >0Thd. iz,
F BEDOEHMEEMTRER K > f/(11)? 28723 ¢ % |R| > 0 5 XU Rivertz D&MAR
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BT RbNS. Ko TEE 33 (2) #5 M3 13 RY LRI EEOAATIETD
5. O

SEE 4.2, (1) F BEOEMHEERTRER K > f/(0))? 272 L &, LKW RSE
BDABEMRT B2 LB TES. K =5 (2L r>0) DL &,

({,172, -TS) — (a(xg, .’L‘3)7 b(x27 .’L‘3)7 C("’CQ? 1'3))

BE 925 R AORAIEREMHDIAA LS a,b,c (a2+b2+62 :7’2) b, oz, B
p(z1) %

pl($1)2 +T2f/($1)2 =1

il b0 T5 (RMEK =25 > fl(1)? 25 r2f(21)2 <1 TH3). ZOLE
<p:M3—>]R4:

o(r1,72,73) = (p(z1), f(21)a(T2, 73), f(21)b(72, 73), f(71) (72, 73))

YR REMOIAA LS.

(2) F 2 (K =0) Ok &, M3 B R ICRAERMOIAATRETH 57200 BE+
DEME f(r) = pry +q (¢ >0) THD. EEE, M3 55 R* NORFRERMDAAD
BAETZ28T28, K=05»D R >0256 f2f"2<0 285, ZhiE f e
THHIZLLAMETHD. IHIZZDL X, Rivertz OFRMARNTEHEBIZHZI N5, ¥
fx)=pri+q 322, F P FEHTHBI L5

ds® = dx,® + f(z1)*(dao? + da3?)

L. p=0DrE M3 IFFHERY, Uh>T M3 1Z R NEFREEHOAATRET
HD. pAODLE k1% pP(K2+1?) =1 %0723 0 TRVEREL, p: M2 - R*:

plar,wa,35) = (kf (1) cos 22 kf(wr) sin 22, 1f (@1) cos =2, 1f (z1) sin = )
552 o FRFFEREOAALLD.
(3) f" =0 OBA, |R =0 &7 0 & 3.3 (i) IEEATE A, —fjIZ F AT
BAYDES R - VERD R NRBFTEREOAATREE 2255 & PET 5 O ZEEET
5.

42 (B) OHBAE

ZITE K & BOHYAMK, fi= f(z,20) LT 5.



EIE 4.3. BOKET K#A0BKVIDET 5. M3 2 R IZREArEREMOAATRED &
E L IRD 2 DDEAMENFK D 3D

(i) (#{,H], - H{,)K >0,

(ii) 3¢ > 0 s.t. HI HY, — HL,2 + K(£12G — 2f1 foF + f22E) = ¢K(EG — F?).
T Hf = fij — UL - f BB f(0) D~ v Ty, fi= 20 fi = Bfgzj <h
%. Wz (H{ Hf, — H,2)K >0 BXC EEI&ME (i) 20 22745 1E, ¢ RIEOEE
Y, M3 3 R CRATEREOAATHETH .

Proof. EMAIXEM 3.3 2085, (B) OV — FREHR OB AEBIZ LY
|§| = fzK(H{1H2f2 - H{22)(EG - F2)

)gf?%"é ¥ 7= Rivertz 0)%#{:3&0) 6 DODHBLD 4 D rI=ry=17T5 =7 = 0 Liaiﬁﬁ/‘]‘:ﬁf:
XN, KD ro,r3 IZDWVWTIE
H{ H], — H,> + K(f1G — 2f1 foF + f2°E)
K(EG - F?)
% a1, 0 RO L7ZHDRENETN

_ T2 . "3
fQKz(EG_Fz)Q’ f2K2(EG—F2)2
L Zehbond. MR CREIERMOIAATREL TS, €M 33 (1) &V
|R| > 0 %2 Rivertz D&MR r = =rg = 0 WO LD, |R| >0, fla1,22) > 0,
EG—F?>0%5 (i) 218%. £7- Rivertz D&M ro =r3 =0 25

Hf 0, — H,? + K(/2G = 2f1 [oF + 2°E) = cK(EG — F?)
WM ¢ MEET S, ZOL E | |R| X
|R| = fPK*(EG — F*){c(BEG - F?) = (f{G = 2/1 [oF + [3E)}
YFRIND. KoT|R >0 BLORE K #0215
c(EG — F?) > f3G —2f1 foF + f3E >0

YD >0 %285 B R >0 08 E >0 k5. ¥ (H HY, — HL,2)K >0 »
D (i) #7232 X, |R| >0 5D Rivertz DFMAFR 1 = =716 = 0 B LD, £oT
HHL3.3 (2) B5 M3 i R CRAISREEOAATETSHS. ZOL X, ROFHRNTS (i)
EWT ¢ RIEOKRE 4D 2D bh 5. O
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EE 4.4, (i) CBND 2 oMM HFEAIX Monge-Ampere AR L IFIENTVWE H
DTH5. EH A3 6 7—THilE (B) O5AICIXRAEREDAADMEIX Monge-
Ampere SFEAOMBIZRE SN DI TH DA, MHcid F%R (H] HL, - H,)K >0
% %729 Monge-Ampere A2 (ii) Oz DT 2 OIFH L WHETSH 5.

BARIZEH 4.3 2 W TRATERMOAATRETH 5 Z L ARENBHZE[NAL LS.
Bl 4.5. FUSOEHETEZSNALROY — FHEHRIZ R ICRFTSEREHDIAATSH 5:
ds* = Edx,® + dxy® + f(x1, 22)%dxs?,
727U, E =14 2ax; + 2bxy (b #0), f(z1,22) >0 & ¢ 5.

Proof. ZOFHRIZH U TEH 43 2@HT 5 &, RY ICRAAEREDAATRETH 57201
X, HBIEER ¢ BEFIELT f AFEFIZEWTIRD 2 DD5AM:

(i) f1(0,0)* + f2(0,0)* < e,

a 2
(ii) fi1fo2 — fl22 — Ef1f22 +bfafor + %bflfu + %f22 = b

¢
E

R HIERWI e d. d % 0<d<c Z2ifzTERE L,

1 2ax1+2bx2 ct+d
f(xlaxz)—i/% 7a2+b2(t+1) dt
E4dL, f(o,xe) (ZEEORME (1), (ii) 27z 9. O

5 EHERODIGA 2

b5 ODBHE LT, EREIHLE AN 3T —BED RY ~DRIIS MDA
DNTHRRZ. G3 % 3T ) —BL L, g % G LOEREHEL TS, £ ¢° 2 BB O
V—REE L, () & g KHIETS g LORRE TS, BUF, (G3g) LHIET 5 AR
) —REK (g7, (,)) BF—HT 5.

3 W) R ¢ DVERERETOT, % ¢ LOTRTORBZOWNT, (%, (,)) 2
R* ~RFESEEHDAATHED &5 D EHRTHL. 27201, (65, (,)) 75 R* (CRASED
ARTHER 51, EDAN T —(5H 5 WVIEREEHRTED 45 WL RY RIS RS
ATHETH B 720, TN S IEA HUTHV, BHRE L TROMBA =) —REK (6%, () %



FANITE (cf [1], [17], [18], [23)).
R3 :
b3 [ ]
t3,1 : [61,62] = €9, [61,63] = e3
3 | ] =e2+2Xes, [er,e3] =e3 (A>0)

[e1, e2]

T30 " =es+ 2\ —1)es, [e1,e3] =aes (-1 <a<1, AeR)

1
th 0 [e1n,ea] = ey — Aes, [er,e3] = 162 +aes (>0, A>1)

5[3(R) : [61,62] = A€z, [62,63] =eq, [63,61] = Agey ()\2 >0, A3 < 0)
50(3) : [e1,ea] = Azes, [ea,e3] = €1, [ez,e1] = Aaea (A2, A3 > 0)

ZIZT B () R EROMKEE FHERLKET2E0LT5. o id) —REOFABED
NI A=K N Ao, Ag ENBED (“AH T — 5% RWTHERK? &5 FAMERRO) FEED
NI A—=REFRT. sl3(R) B XU s0(3) (ZH¥M, ThMTATY) —RETH 5.

[1] Tl R NBATSEEHDAATRER (65, () ONEEEZTWS.

FIE 5.1 ([1)). (g%, () 28 RY ~NRBAEERHDAATHES 5 1F, ROV hr L AR TH 5

1. R® ¥ 2D LOEEDOHM,

2. t30 LZDED X =0 G T 5N,

3.t EZDED N =1 1THIET 2N,

4. 50(3) LZD LD (Ao, A3) = (1,1) IZHIT 5 NEE.

LA OB R ~NBFTEEMDASTETHS L E<hSMBNT VWS, BELT
BE, 1,3 ETHTHD R ASEEDAATHETH 2. 2 (6T 2 U —BH S0
e RH2 & R OERBEEMTH S, RH?2 12 R? ICEAEEMHOAATRETH L Z L5
RH2 x R 1Z R* "NRAIEEHDIAATRETH S Z 223005, 41 3 ek o & %
BINTHY, Uihi>T R NRATEEMDARTHETH 5.

[1] T, B30 4 DD %K< SHRIE ) —RECK LT, #9 ZAHRAS L 04 Y 2
HBRRAE BN LTESNE HRR (IS X EEHDALTRETS 5 720 DREE) % i
Pt a MEELARWI L ERL, FE 5L 2HILTNE. 22T, EH 3.3 % H\ 72l
S EENT B,

51 AHEDIEE

@ EBWETHY —RE, () & o LORRETSE, (¢ () OF#ELEE
{61,62,63} TT7I97 v MEPUTFTHEZONDEDOWEFET S

le1,ea] = aeq + 2bes, [e1,e3] = 2ces +des, [ea,es] =0 (Fa,b,e,d € R).
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ZDEEWMEDILD.

i 5.2. Rivertz D&M ri = =rg =0 23228, ROVWT N EHILZTI L
R[EME & 72 5

1. ad = 4b%, b = c,
2.a=d, b+c=0.

Proof. e; (i =1,2,3) % G® EOERERZ MVIGBEFA—HTS. G3 OV —< ViR T
VoLl

Ris12 = —a® — (b+¢)(3b—¢),
Ri213 = —2(ac + bd),

Ri293 = Ri323 = 0,

Riziz = (b+c)(b— 3¢) — d?,
Ryso3 = (b+¢)* —ad

THZOLNS. THIZZOIEWMS S=VR I

S12121 = —2(b — ¢) Riz3,

S12122 = S12123 = 0,

S12131 = (b — ¢)(Ri212 — Ri313),

S12132 = S12133 = S12231 = 0,

S12232 = (b+ ¢)Ri212 — aR1213 — (b + ¢) Rasa3,
S12233 = dR1212 — (b + ¢)Ri213 — dRa303,
S13131 = 2(b — ¢) Ryz3,

S13132 = S13133 = S13231 = 0,

S13232 = (b + ¢)R1213 — aR1313 + aRa323,
S13233 = dR1213 — (b + ¢)Ri313 + (b + ¢) Ra3as,

S23231 = So3232 = S23233 = 0

L. ZToh s Rivertz DEXMBERD DS r3 =r5 = 0 BWEIZK DD L1 5.
¥7-

ro=—(b—c)f(a—d)?+ 40+’ H(b+ )’ - ad}?

o, re=00,E () b=c, (ii)a=d 2D b+c=0, (iii) (b+c)? =ad DWFThrH
ERVASH
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(1) b = C @i%/ﬁ\. Z®D t % 512121 = 512131 = 513131 = O 27:}: O, é ‘)90: T1,T2,T4 ‘i

ry = —4b(ad — 4b%),
ro = 2(a — d)(ad — 4b*)3,
r4 = 4b(ad — 4b%)3

255, UldoTri=ro=r,=00, & ad=4b £zl a=d, b(=c)=0%E%.
()a=dmDbtc=0DBA ZDEE Rigw = Rigts = Rogzy = —a2, Risig =
Ruzss = Rigzs = 0. & SIAERED i, j, kL 18 UT Syjpim = 0 £755. BHE 1y = 1y =
ra =0 DAY ILD.
(i) (b+ )2 = ad OB,

ri=—(b—c){a*+ (b+c)?}b—c)*(a+d)?
ry = —2(a+d)(b* — )(b— ¢)*(a + d)?,
ra=—(b—c){(b+c)? +d?}(b—c)(a+d)?

b Ko Tri=rm=r=0%6b=cFlidat+td=0%,%5. LEM>T,
Rivertz D&M E2M72372 01 1 £/2E 2 OWINrz2iEd.

Wiz 1 F7/20F 2 27232 &, Rivertz OFRMAFA %2272 &5 ERlOFE» S5 by
5. O

T4 DTARD 3 UWGTHFEM SR ) —RED SRR 2D 2 &, 777 v MEDR
[e1, €3] = aea + 2bes, [e1,e3] = 2cex +des, [ea,e3] =0 (Ja,b,c,d € R),

Tad=4,b=c F/lda=d b+c=0%iE~TEDX, EH51 O %2R & t31,
¥id thala >0, A =10ATH2 (D V5.2, 8 3.3 75 IhsBAME R
~NAFERMOAARTRETH D) ZeMbnsd. X512 |R| 28T 5L, 13y DBA,
IRl =-1<0,t,(a>0),\=10884, |k =-a <0 %E85. X>TEMH33 (1) »
5INsE R ARAEREMOAARTRETH . Lizh> THM) —REEORREIZDOW
T, EH 5.1 D1, 2, 3 UAITART R NEFREREDAARTRETH S Z LRI N
7z. 7B, R3 t30 EDOXN=0THBT 2, BEG o LD X =1 ITHET 2ARIEW
TN |R| =0 L7570, #H3.32) 2V TR EHOAATETS S 2 L IEHHT
ERAYAN

5.2 BfinDgas

WIT g2 BHA) —REOLEEEERD. () % ¢° EORFEETD L, (g,(,) DERER
BEIE {e1,e9,e3} TT Iy MEAPUTTEZ SN L DOWPFET 5:

le1,ea] = Asze3, [ea,e3] =e1, [es,e1] = Aaea (A > 0,3 #0).
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ZDYE Rigs = Risss — Rigas = 0 TH Y, XHI/EED Ay > 0, \g £ 0 12
$UT, |R| = RiziaRizi3Rasos # 0 &7 5 (cf. @8 4.9, [1]). Sijgim 22V TH
S12131, S12232, S13233 MAAMIET 0 &2 Z e ANEPEFHBIZ IV bR D, LEDN-T
Rivertz DEMAD S H 1y =r3 =r5 = 0 IXHBEINIZEK D 2D, 5D 1y, ry, 76 1ZDWTIE

r1 = —Ri212(R2323512131 + R1313512232),
ry = Ri313(R2323512131 — R1212513233),

76 = Ra323(R1313512232 + R1212513233)
LB, ZDEERPRD LD,
& 5.3. Rivertz D&M 22T e, ReMZTIZ LA EHEE 72 5:
R2323512131 = —R1313512232 = R1212513233.

A2 >0, A3 #0 D& Z, Rozo3S12131 = —Ri313512232 = R1212513233 2R & (A2, A3) =
(1,1) /85 (cf. @56, [1]). LhioTHES3 5XOEME 33 (1) 5 Hft) —
RECED (Mg, ) = (1,1) BUAOHEIE BRI ~ARASREEOARRTHTH S, 7,
O ds) = (1,1) @2 % B >0 24 2 2 ASEEIIC L 0 bh s, &oTHESS 5
FOEE 33 (2) 5 s50(3) D (A, As) = (1,1) IERST % IR RY ~RAE EHIH A
AHBETHD. O —REDLEOHEREEDOE D L EE 5.1 2EF 6N 5.

EH 11 X 0EED (6°,(,)) 1k RS NBFRERMOAATRETH 2. R® ~NEirFREE
DIAATEER S DIZDWTIE, FAKARRERIZH 25 (cf. [2], [20]) FRAESERIBSIT
W E 7 (g3, () 24 ROTE IR EM AR EREOIAATRED LS 2T DWW T,
|R| # 0 2§72 HEICEHR 35 2D Z L THEMETH D ([3]).
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