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I'analyse a la géométrie, a l'usage de I'Ecole impériale polytechnique), ¥f WAT 1 7 JL A HIVF £
SRMTEBARFMEE, KRBT — AW U & 186, e Lo JL i
B RETEEMEH, ZPaEXET SR, —EBERITHZEHZEM 40 245,

1827 4, fEEH KM (C.F. Gauss, 1777—1855 ) KK T HARRERE LML (X
T B — M) (Disquisitiones circa superficies curvas). Xk X485 R B8 E TR
A hiie E IR . IEIRE T W FE BN &4 £ ¥ (Theorema Egregium): i)
mAT R E A AT 2R E . X— @ BN EEMAT: Ear AN LA T 150
FZla, B — ORI T AR TS — A R JUT R AP BT, X R JL T AR A
PER A, BLHCh TFIR, AL % (intrinsic geometry) 5 LL&R B . MBS JLAT HI W
BRE, MR —REAE G EHAERE. Kk, WEMEX B, Xt EREB AR
REAMZ LS LA SIS LA E LR R 3E 1 2.

AEE [ H ) B R O LT I T, B R S SR B S K
SR BE IR . FEART D, FRATTHEE A 2 B A 77 1 g 7 R PG 25 () R BR ES [a] B 25 (4]
S, NMEmENREBEHE S R REAB SR . REE B4 1M LA
FERER——th R A e, 1R G el R R SRR 43 ) SEVREURI TR SR ST P AR AE JL AT %
ZMERT. AT A DA 4 i s K — ol SR o JLAT P R B A AR N AR . Rk = 4ERR
A (B B LT R EAA B, B AR Z R 27 28 8 Ja S0 7 8 R SOE 2 RN 45 SR 42 it
AR S ) AR Y
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1.1 BETESMESE

AR JGHT = P L K3 o 6 B T LA 22 KK LA (Buelid, AJCHT 325—265 4)
WA INRRITEZ R 1 CJUAEAY (Elements) XARFZHED, Mfs—Lomf e 3L A
T AAE AR, RS A B INZIRTG AR S 18, TRl — B M™E AR R, K
G JUART t 43 LA A7 A AL 3K o K BG L ART A2 BEAL J7 7202 JL AT 27 . BRAR B OB K R 9 BE A
T 24K, OJUTIRA) BRI MES, B, 248 2000 LA MARE. ©—H
BEAR A 2 3 U 22 e i N T BORH o . FEVE S, BRI RITRAURT (X2, MR EHF
124 CJUTIRA) MR s . HEIECERMROLE (1562—1633 ) XVt
B “HPBE=F=f: UM, LFEH, LREULHBEMYZ B, DFEE, ScER, W
LRz 2%, R, LRy, WU S G 2. 54 TR, fF4d T,
WM. ” X248 o] E B2 X R ECL VR . 55 4 B 2 5% B T (A,
Einstein, 1879—1955 ) th 8 XFEHERMAE 12 & iHEefl 3] LT R AY FIER EC LA 1) 72 4«
TGO E KU, LRE T THRLBAMER.” YRk K23 W& LTt %
At o

A, RAENBERSE K E G, REFHABAR R RS, K
PG 1) B[R] S 2 ) A R B 2 ] (A 2

1.1.1 EBE=H

19 2K, #EEHFFKFEIE/K (G F. L. P. Cantor, 1845—1918 4F) B THRAR, A&
MR S W AL RN A R R BE T AR . B2 27 a) (& B B BT B
Jh A #C (M. Fréchet, 1878—1973 %) 1E 1906 F- A KA Sur quelques points du calcul
fonctionnel HJT LR I BORIVFZ W2 045 R K eR BOm 9 BE B OCR,  ta bl
ZMEEF RS, 30U T MFR 250 0 E R .

EX 111 (B WX, X, X, A nDES, B

HX,. =X, xX, x--x X,

i=1

={(x, %, .3, )%, € X;,i=1,2,+-,1}
N X, Xy, X, B R LB (Cartesian product), thFx B A (direct product), Fxx, A
X=X, X%, ) € [T IS i NABKR. B, n MES XHEM X x X xx X itk X",
i=1 _—

"t

(611111 &S AR, 1=[0,1], WHEBS xI RRLLS' AL, 1K KR FEH L
1) R A

JE B2 ) 2 — AR R SR 4 A R), o nF .

EXAA2ERTE) BXHETES HUS d: X x X - R A X _EH—NE & (metric),
#Vx,y,zeX, f:

(1 FERE: dx,y)=0, FEESHRIHEMNHE x=y;

(2) X#ME: d(x,y)=d(y,x);s

(3) =ZMAER:
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d(x,y)+d(y,z)=d(x,z) £L.1.1)

FR(X,d) A PEEE A% (metric space), fajic A X. #d(x,y) AN (X,d) F 5 x Fly 2 8
% (distance).

AR T LURHE R (D ' (4 d(x,»)=0;5 (5) d(x,y)=04HALY x=y. 54,
(4) wlftEmT (2. PEBT (3) H (5) HEM:

2d(x,y)=d(x,y)+d(y,x)=d(x,x)=0

2] (LA P A T B, AR R T A ER L, B, BE U,
hEL S JLfT . FRILT S5 JLAT .

(#1112 ®R" ={(x,,x)|x, €eR}, Vx=(x,-,x)eR"s y=(,»y,)eR", EX:

do(x,y)={(l): j’;:ﬁ (1.1.2)
dxp= Y-y (1.1.3)

i=1
dz(x,y)=max{|x,.—y,,“i:l,'--,n} (1.1.4)
d3(x,y)=zn:|x,.—y,.| £1.1.8

i1

WoAE A d %50 R LR . #Rd, b R OSSO, #Rd, 0 R LI R, R R4,
o n HERRECZE T, WG R
[ 1.1.3] ﬁmm{m,,m

a’(x,y)=,/i(xi—y,-)2 (1.1.6)

BAERTEN d O R LR, FR(R™,d) A /RME%F23 A (Hilbert space), fajic A R™ .

A SRAFTRE S (0] AT PRAERK G R — M) e DMEEBCAZ A /R AFF (D. Hilbert, 1862—
1943 1) & Finsa. 20 4], AI/RAREAEERF (E. Schmidt, 1876—1959 1) X{#4)
Ji#2 (Integral Equations) 4T TH7T. fESLidEd, & /RAAFEWER T A /KRR N . [H15—
FERE, BUARE BEFE/RER RS T T R D . B/R1ARES Ui “ WA AR IA
MBEFE R HE T () SR B L 2.7 E 1929 4E R K56 T 0 5 B 5L T (384 Aligemeine Eigen-
werttheorie Hermitescher Funktionaloperatoren (Mathematische Annalen, 1929, 102: 49-131) Hr,
5 H 0¥ F 18- 2 (3. Von Neumann, 1903—1957 46) f B8 T “ 5 ZR{A %545 /8] ” (Hilbert
Space) X4 .

EX 113 (8B & (X,d) WEEZH, >0, xeX, B X MTFHE B(x,e)=
{veX|d(x,y)<e} R (X,d) LA x Ay, &K FARH4B1 (neighborhood) HHFFIK.

[f11.1.4) 76 1.1.2 F, BEREZEN (R,d) ILL O i, 1 AFR48 B.(0,1)
i=1,23. ENMEZWME 1.1.1 Frox. 1 B,(0,1) H IR k) it s

xieR,ixf<+w}, WS d: R”xR™ >R M: Vx=
i=1

(xls“'ax,,)’ yz(_y]"“ayn)eRm

#1E LS HiEe > 3



NAR B N7

(a) B,(0, 1) (b) B0, 1) (c) By(0, 1)
B 11 AR E

EXNVAAHE) & B LR (X, d) MFTHBESRINES, Ac X, FH{{EB,c B,
13 4= B, WFK A MR (X,d) FFFE (open set). FERZIN (X, d) 15T FFHEM

R EEC 7, -

BATAT CAAE P B8 1) b SOE SR .

ENX 1.1.5 GEEME) #(X.d)5Y,d) AN ERZN, FWE f: XY, xe X i
B Ve>0, 36>0, 813 Md(x,y) <o, Hd(f(x), () <e, WFRBE f7F x dbiESE
A A X BB — R x AOEOESE, WIFK f: X —> Y AELEBYS (continuous mapping).

1.1.2 MOEEE

EX1.1.6 (EEZE) Fik F LR EZ N (vector space) ;EfgACHBE v, H E#
BEINESHORIEEWR: YA, ueF, ayveV, f:

(1) A+p)v=Av+uv, Au+v)=Au+Av;

(2) (Au)v =A(uv);

(3) B=%,

EX 117 (AEFEMEK) & VEREF EH— A REFN, §,-0,) 2RES
[E v —HEHETTRPE, # VR E—AmE v 8 L 6,0, R W, BIfFE
a,--a"eF, #1:

n
V=a'V +-+a"v,=).d", (1.1.7)
i=1

WFR {3 ,---, 9} R EZE V B—HEE (basis), WA {v,}. A, RAEZEE ¥ H4EH
(dimension) #& n, WA dimV =n.

i A VR v} G VPR T = a, B n S (a) e a") B T —

— X No ) EUL, 0 YRR (A S X L n A TR RS R . BATFR (d',--,a") )
BV ERE {v,) FRIARER.

JR W 4 1 Z R 12 5% (Einstein summation convention), 7. (1.1.7) ®JLLid A
v=a7v,, E—FRrERBR L. FHREPENEBAK, MRREX XN A 6
IR A, FEART AL, BRATKEA InFE BH Hh Al A 52 PR 0T 38 SRR 24 s SR R oA A=K

[#11.1.5] %9 =0,L1), ¥,=01-12), ¥ =(-1,-2,1) 2=4m==M VH—HLK,
K&V = (3,3,6) TE LA I T HIALAF .
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B ®v=Ya5, W

(3,3,6)=(a’ —a’,a' —a’ -2a’,a' +2a* +a’)
fRARRANRa =3, @’ =2, @ =-1. kL, MEV =(3,3,6) TLZAHILIE T HIBIRE (3,2,-1) .
EX1.1.8 (MKEEZE) MeEMmdEasn v, @ XBE(,): VxV >R, {EH
E: VAeF, VI,VZ,VEV, ﬁ:
(1) £tE:
(¥, + A%, 9) =(¥,,¥) + A(¥,,¥) (1.1.8)
(2) Xﬂ'ill_{'lﬂf
(V,%) = (%, %) (1.1.9)
(3) IEEM: (7,7)=0F BESRLHENEv=0;
WUFR () A& 250 v _EFIER K A (Euclidean inner product). $85E T RKEC AR () (1) B3
6] VL f K G P9 BRURR 4 BK B ) & 25 1] (Euclidean vector space), 1224 (V, () » FRATI 5 1) &
2] Vv _ERBKERARE R g, -
FARNE, BAITAEMRZE V B ABERTEE (norm), BIXfWweV , &XnEHVH)

B
= {G5)

B 1R ERCY AL R ARG, eV W2 (4,v)=0, MFKMEZ v ZIEZK (orth-

ogonal ).
EX 119 (BAIEZER) HIREKREZWE V4K € ) i
IR 1, ZHi=jif
ei.ej::(ei’ej):é‘ij:{o’ i it (1.1.10)

MR (&} RERK K & 250 V 8L IEAC R (orthonormal basis), AR AMIEIERH., X IE
B, K, §,MARTARFS. RKFS. RPN RFSHRBEH LT NS (Kronecker

delta). ELAEEBFFK P N7 (L. Kronecker, 1823—1891 ) W& F4.
WV} & n R KBS VIK—4HRE, £

.V
e =1
%]

, k=2,---,n (1.1.11)

vk_i<-éi_§k>éi
L &, 6, KK o B[] (V, () B — 41807 IEAT R . BT LA, ZERK G 1) B3 (8] (v, (-, -)
B —HBAEA R . bR ¥ 3 B A7 1F AT kTS ) 0 B AR O Il 2 o IE AZ 46 (Schmidt’s

orthogonalization) »
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1.1.3 {A8I=E

M ) R TG # KRG, 1) 25 TA) i p ) S AL R P 2 (), T 7 5 4% ) D)t 2 £ 25 ) o

EX 1.1.10 (AS=ED & 4 WEZHES, VA n FERET 0N SAERE: JK
AxA->V , Wif:

(1) Vp,ged pqeV;

(2) Vped pp=0eV";

(3) Vped, veV, 3ged, #13: pg=v;

(4) Vp,qFed pg+qr=pr ;
WFx A A n 4E{fi 4125 8] Caffine space), FR VA& 540 525 0] A £EBE ) 7] 2510

FEIE b, [ 52205 (0] B LART A 2 47 5 25 1al L 45 5 5 ) (R AR B 2 1) 25 1) o

X 1.1.10 PRI (3) KB BUEBKICEM Vi i— N v g, istasn 4 B
BT A T AARSE & (3) FIH v 3R B — AR AL, X pUB B Bk v o X7 5
) AT, MEZE VhRmEy S TSR A BB S0 AN, RO
TEDT 58] A TPy FEAT S

&M (3) KW TEUIRAER A d, SHLE LS p, REERBE-XELSHLL
AT X — &AM 5RO B PAT AR E R ZE 8.

EXNAANUBHZTEOEE) WA RS ndEmESN VR0, Voe 4, pe A,
HoqgeV". BB VI—4HR {5}, 1E18: vped, H:

og=Yds =ds (1.1.12)

WIFR {5+ A A —HEE, K (0,{5'}) APidta3iE] 4 )—A48Fr & (coordinate system) B{HR4Y
(frame), FK(a',---,a") A8 p TEAFR R (0,{0"}) FHIAFR.

e, v ORRK KRR, ATE{S,} A IE AR .
1.1.4 BEREC=E

EX 1.1.12 (BRIRZED Y5 n GRRCHEZE VR0 250 4 Rk K2 )
(Euclidean space), i} E” . # {5} Al &23 (8] V A [ 8L IE AT, WIFR {o,0,} BRI 2|0 E”
AN BBALIEATAR S, AHDE I ARAR RAR M BR G 25 [H] E” I R JLALAR R (Cartesian coordinate
system) .

EX 1113 (RERZEPHELEOER) KEKT0NE PATREM L p Ml g Z RS E
XA

d(p,q) = (ﬁ,b?> (1.1.13)

dXE" FHEEZ K% (distance function).
E" KT HR 2 R B d ¥ RS R A% 1] .
[ 1.1.6]1 ¥ {0,6} ARKIKZM E" — N AL IEACHREE, & p A g (AR 4R5 510

@, -,a") K@, ,b", muﬁ=i(b’—a’)5,~o M,
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