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1.1 HEBEER

e R E bt AR T R Z —, HA B # i X Jacobi 35
TTE 3R AR FR, DLW T il 32 i 4 R HE AT 0 B T 3R A5 ¢ T IR TE i B — ik
AIPER. 55— T, A Jacobi J5 B2, B MI& 4 Jr B AE JLA rh B9 . B,
HHEEHZ— Bonnet €3, 5 &M A Sturm-LiouvilleF & 45 . 75 i
Sy ILT R, A & RO AR He e BE, X 7 I A FE4RAA 7] 2 UL Cheeger, Ebin
45 ([10]).

W M & n 4E5¢ % 1 Riemann i JE; H Riemann & idH

d32 = Z Gij d.Ti d.'I'],

H {2711 < i < n) BRIBALFR. B8R (M, ds?) | Laplace-Beltrami .+
5E LA

1 4 = @
o it (30 ).
H‘** g= det(gij)v (g”) . (gij)_]‘
M A —A BRI EE, B OCT — 8 A 0 BE 28 R 8. AR B E AR
peM, E X

p(z) = dist(p, z),Vz € M.



2. B8 hBREBSHEMGIT

AR, plx) AUEFEZER, i B2 Lipschitz 7% 28 e %0 I B 18 Al A,
pla) LTk ik AT

MEES p e M, ZEBEBWS exp, : LM — M, HAFEEREA
A Hopf-Rinow EFELI K M WIE&MEN HEWL. M TFHE—ME X €
T,M, B (t) = exp,(tX) (t = 0) R p th &KMATTT I X B OCH L ()
7(0) = p,7'(0) = X). 34 t R/NEE, o ZERE v(t) 5 p BIHE—H/NI LR, H
dexp, |ex : Tix (TpM) — Toxp, ex)M WU R, (BB ¢ (E3 AR, XFpE
Jii ] HE AN BT

% to = sup{t > 0|y (t) Ml p B ME—AR /DI HBER }. Q2R o < +o0,
FATFR v(to) AAXTT p BIHT v MIH] 5 (cut point). BT A HIX T p MIF 4
JYE I (cut locus), FKATiC b EIE A Cut(p).

B, M TIE— X € T,X,||X]| = 1, FEMHL exp,(tX)(t >0) LEZH
—® 5, FIE Cut(p) & St i — M T RAERBRS exp, T HIE, FrLLH »
4EMEE A 0.

#E—#, 10 u(X) = dist (p,y(to)) AT ¥ ZHAMER, Hh X e S7-1 C
T,M.

SE L

E={tX[0<t<pu(X),X € S" ! c T,M},

W exp, : E — exp,(E) &M R, WiiiES M #H— N EMRFE, B4 X
&M VL p RRE ST RERY B K IEBLFRZE, B

M = exp,(E) U Cut (p).

ME AT, exp, (B) &L p RO B I X (star domain), T Hif & X
HIFHXT T p BIRE S PR B p(z), 1E exp,(E) TG Y.
75 p(z) BOA 35 L, oA I b2k LR K h B8, ol

Vol =1,

B S g pip; = 1, HoHt pi h p U 52 J5 1) B B AR 8
BN, AE M AR — 5 p ALY Ricei #h 3R B—~ XL MR

Ric: T,M x T,M — R.
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1 p S Y2 [A] T,M BN IE AR {ei}, (e, ej) = 8y, MR e =3 a'e;,
i
Ric(e,e) = Y Rija'a?, Ri; = Ric(es,e;).
MR e = e,, M|
Ric(e, €) = ZK(e,, ,
Her K(e,e) /2H e, e E??KEEH’J:?E:FEFRXT (14 5 1 i 2.
¥ f e C*(M), f I Hesse TENICHE H(S), XN & X,V i
ze M WFYIEE B X,y ¥ ERIE « (AN A M mES X, Y, X
H(f)(X,Y) = (XY f)(x) — (VY f)(x). (1.1.1)
Ak v FIR M ) Riemann BK%5. B 5 W0E, H(f)(X,Y) AT 78 m &
B X, Y ik
B2 p e M, XA p BYEE 2Z IS =, iICE R p fl o B /NI b
LW o, f 0(0) = po(r) = o [ X € T,M fifd <x,§>(x) — 0. @Y
o AR p WILHE A, AT X PRI o 19— Jacobi ¥ X, W&
X(0(0)) = 0, X(o(r)) = X, [5( %] =0(0 <t < r)(B W [10]). XHE, A

H(r)(X,X) = XXr— (VgX)r
= X<X §r> - <vg)~(,%>
(veed)

= <)?,V37X>.

HUE BRI X, }_o P, T o 5 b A

B T X & Jacobi %, ]

v tVaXJrR(X a)gzo,
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P LA

H{)(X, X) = /0 (\vg)ﬂ? - <R(5€, %)%,2» i (112)

£ TE Jacobi I EE T, ERRERIELMES X I o B 455
" (index form) I5(X) (7] & WL [10)).

I 1.1 (Hesse }b#R £ ®) & My 2 My Z A n 4 T4 Riemann i
%, v 1 [0,a] = M;, (i =1,2) 2 #HEAIRK H AHA M L. 2 M, £ 2L ~,(0)
HAECIEE A pi. & vi(a) £ v(0) 895 iEZ A BEVE(0<St<a), H

A f W K (Xl, 9 ) > B\l EK, (X27%)5
2

om
—:H:-‘:P X; a5 3 A& T.ﬁ.(t)Mi ‘*’—5"7‘”‘!’7% ai% ﬁiﬁ$’ﬁ-l"ﬂ'§_, il
H(p1)(X1, X1) < H(p2)(X2, X3), (1.1.3)
Bt X B Ty M; FH# 4 0E, B (X, 2 ><%< ) =0.
R Y MEIE SRRt R B, B f
% (9 :
En—a% (=0 2
o(1.1.2),
/8 o - 9.0 =
H(p;)(Xi, X;) = X¢2—<R Xi, — ——,Xi>> d;i,
X0 = [ (1=Kl (R e ) e K ) )

3o X R, 19 Jacobi 3, Xi(7(0)) = 0, Ki(vi(a)) = Xa. A (X, o) =0,
BT LA X; 7E v B4 SRR B TESL. i

Z/\ E(Q)
R 4l E](.l)(a) IO O M, B AR AT e
Xl a) Z/\ l 8
LR v E X1 &3 Z:

n—1
1
zZ=>" NtE",
=1



1.1 Ltk EHE -5

m z X, A R A REMZAE, I H |)?2| = |Z| B
IV 2 Xo| = |3 X (0B
=Y MBS = V0 2.
Y% Jacobi FHHIE A FEAFSL (UL [10], p. 24): W — 2 T I 40 A5 il 0 b 2%

fEEAMF] . ZAE RPN A 1) B35 1 “F5 652 307 L Jacobi 3 i 8 #5E K
A f/h, MR

H(p1)(X1,X1) = J5(X1) < I5(2)

= J§(X2) = H(p2)(X2, Xa).

B MASES Bl T BB &0 2 I uE e,

EVFIBTIE LR driel @, LA B Laplace 3 F R @ HAE# A
A, R J5 5 AT LAE .

% 1.1 (Laplace HF 4 £3) & n 4% %% Riemann AH M # 2
Ric(M) > —(n —1)k? (k > 0). Hi&X N A n £ 6L —k2 A F B @ F
g 2 8], R A E E X (space form). VA pyr F2 py 2138 M F2 N _LAASTE
EEMIEE. wR e Mye N, & pu(z) = pn(y), W H z £ py 89 THRE
B, A

Apm (@) < Apy (Y). (1.1.4)

BT A BTN B, RATFE R F iR k2 FEEX T

Ap. HRHE (1.1.2),

p ~ i~ ~
H(p)(X, X) = / (J%Xlz ; <R<X, %)(%X)) &
Horp XS VRN I b 2R ~ B Jacobi ¥, i & )?(U) =il

X(v(p)) = X.
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BRI Ap AR SRS 85/ N HE.4R £ Jacobi 3 ) [7] 51,

UL —k? AE M BENZEEDE R, EEMIERN L v # Jacobi 3
ALK AR & p = 7(0) g=7p),X L 3p), B X i v FITBIHEH
1 & 05E ok X (4)(0 < p), BBAUT ~ B Jacobi 3 Y(¢), TR 2
Y(0)=0,Y(p) = X, }JJEJQ u TIER:

Y(t) = f(t)X (1),
Hrh ¥ f() W R L HE Jacobi 7 F2:

L 50y - w250 =0
dt? A (1.1.5)
f0)=0, f(p)=1.
PUAT (1.1.5) M@ N
ft) = hkpshkt (1.1.6)
B (L, X1, Xna} & Ty M BIRALIERSE, BN v FATHE SR
R MBS TR X)) = fOX;0) 1<j<n—1) BHE X;(p) = X; &
Jacobi 7. ARHE (1.1.2), 1A
Ap = iH(P)(vaXj)
j=1
e [T 22
-0 [ (% ern) @
= (n— 1)kcothkp. (1.1.7)

% 1.2 4R n % T & Riemann 7Y #Ricci W& > —(n — 1)k2, W &£ p
) T fik 5 LA
Ap < ”le(l + kp). (1.1.8)

iERR MRER 1.1 & (117, ®ATA

Ap € (n—1)k cothkp




