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$—% EFEuclid =@ 5RI1&ED)

1.1 #ig

JUER—TIFBAH LR, BEEY. BRNE KBRS
HEE T ERRER, mEMSREENER.

TR &, KB AXRIVABE: 1) Euclid JL. FERWH
RERMESI TARNEE, WEAAZETHN=AEL%,. B E
25E0E. 2) @Y LA, fE Descartes BT BTG, RITE
T—RFB, WLVRERSRN, TR EE AT LA g
T TR, MHRSHALESR, FHSEELNEE, W_KkHligs
ZKME, UREMNOAZR FEEBRKBITAFRRORER, KNS
BB ELX. JIUAERRTLURSBEGER.  3) 5L
ISR 0 TRRBFR — M d e f i TR, R Eihes, Mim
EROARBRE. M ILAEILFREHBSRAREER. Newton
1 Leibniz @ BB 0 B K2 — LR 4 R — 2 JLAF el 5, 4 i 2R
HENER, BENUIR KES SRS EILTER NS RE B
—ITHSLHER —— U, sl L, miEdgie s i
WHKXEES.  4) Riemann JUF. 5) KEERSILES. BFIESA
REHTHAMGNAFTERO %, =£ZRNEE, HMEEFRE
WEET EEr s, MSRE—-FIIWEETR. JLAEh—4 &
BHRSRANALAEN T ENEET AT RBNATE. EAHE=
4, Lie BSMALAGHMESERT. £4, XMRRILA
FHRREZ .

BAMRBE T ER SR, BRITER TR AR
IR, WARAE Y.

ZXHR:



[1) 4% %8, Euclidean Differential Geometry Notes (JHEP#f L),

EHAEBER.
(2] BE4E 5. BRAEAE, B JULATHE, B, JLRUR S AR, 1993,
[3] BReEHE, WAHLAY, JERAFEHR, 1990

4] BAAE, MAILE, BSHR, BSHETHRM, 1979

(5] REHh, MR, MUY, BEEET R, 1989,

1.2 5 (motion)

Pl B #n=4 Euclid 5], Ep
E = { X = (z1, 22, 23)|7; € R}.

E :PW}-I‘:_\ (:1:1,1!2,1‘3) l—:‘j (y17y2: y3) Zlﬁ]ﬂﬁﬂﬁﬁ d E)‘U‘J-

3
d= () (z: — w)?)F.
i=1

a11 aiz a3 b
A= a1 aze a s B = by |,
431+ a3z dags bs

FRE E PlSH X > X', 2%
X' = AX +B. (1.1)
F 1.2.1 WS AT R RN,
X' A B X ,
(V)= 0)(F) en
B 1.2.1 %% (L1) REFAAEBRENAELR A HTE

RHERE, B
ATA= 44T = 1. (1.2)



iE B
W2 (1.2) g&# (1.1) BN E 8 &),

W 1.2.2 E PRAESIME— TR, K4 E 8 S8

it Bk, A
10 A BY (AB
0 1 o 1/ \o 1)’
A By Ay Bz \ [ A4 ABa+ By
0 1 o 1 /) 0 1 ’
4 B (At -aB
0 1 "\ oo 1 '

L3

AR 1.2.2 ROL. fEHE.

g (12) &
detd = £1.

# detA = 1, fEshHRA BN (propose);
# detA = -1, HEEHKRY JEAH M (impropose).

1 0 0 [0
wm, gERs: A=]|0 1 o |,B=| 0 | RIHH
00 -1

Z5 -

A=1, fzshich F#.
B =0, Wash#oh EX TR BAMEXZHRBME H3h.

Wl 1.2.3 1) FAEHBIEIHROERTH (K50 2);
2) FETBHIERTH;

3) FRERZRBATH

4) FRESINTHR, ARREATENEA SR



iE .
Euclid JUTRBIK E FEEFE T AERER.

1.3 & (vector)

Bt BA1A BEuclid = KR BB TR E L.
T E iR AE {(P.Q)|P,QE E} =E x E gy —1%
MRR ~ WF: K
(P, Q) ~ (P, Q"),

MBHFEFS 7, 5
(Py=P, 1(Q) =qQ"

BHIER:  “~" WHRE—DNEHXE.
&P7 Qy P,a QI qué*/:ﬁﬁgljﬂj t(zl)$21z3)7 t(y11y2ay3)) t(xi)xéaxé)a
(1, v5, v3)- W

(PR~ (P,Q)iff y—2zi=y;—zi, 1<i<3. (1.3)

EX 1.3.1 LRXFE—AHHAHA—A AR.(P,Q) HEMA,
BA P 3 Q mmBEIEA V =PQ, i
» U" = Yi — &4, 1= 1, 2,3 ) (14)

. v
NEN SR BAV =] v

U3

B (L3) &, — MR REEARELRE. WLALE, PO=P Q'
o B MR
IPQ| = [P'q),
A

PQIPQ (RAHFAKELT).



&% PcE, % OP % Pty tRaik.

R E N, MRS (FR) MRE THR— SRR
.

T —iEgh (1.1), AR RGAEY V o V' = AV. B

’Ul v
'Ué =A Vg
A U3
VI KE '
V] =/ v+ 02+ 0l (1.5)
HEHNTAZE.

AR AREER [R):

3
VW)=V-W=W. V=) vuw, (1.6)

i=1
HEEZZ TAEE, HA Cauchy-Schwarz A&
vi-w|>v.w. (L7)

V5 W ZEK MO, B TREXL:

V.-w

cosf = ————.
v]-1w|

(1.8)

VEWE§,§W~V=O.
AR U= (w),V = (u),W = (w;) WFI5IRN

Uy Uy Uus
(U,V,W)= vy V2 U3

w Wy w3
ERFGMR) VW HaBHBV xW BTFREL

(VW X)=(VxW)-X, VX



% V= (’Ui),W = (w,-), mﬂ

vz U3 vy U3 "1 U2
VW = ,— ,
w2 W3 w; ws w w2
= (vzws — V3W2, V3w; — V1W3, V1 W2 — 02w1)-
B

VxW=-WxYV,
MN+W)xW=W xW+VxW,
AWYxW =XV xW), IFE,
(VxW)LlVv, (VxW)LWw,
(U,V,W)=0 iff UV,W &%

U, VW) >0, % UV.W HAFHR, (U, V,W)<0,HUV.W
NEFRE.



"B %t

ZERBZNEAEL, BIIAMENERLAIRRE — #
FHHRE, FLUUKRIBEME. 5, ERICE T ihL 55 M %
— SRR T

2.1 25

FERAE— LA
I ®I=(ab) £ RW—XE, #1738 R =E $1 C*(k >
3) mugt P
x(t)
Pit)=1 y@) |, a<t<hb,
2(t)

%A R M—%& S, t RAYME P s X
dz(t
: t
Q}Q =| 0 |20 we@y),
=3
t
T#RELE P(t) & EMM (immersed, regular).
XE, Frig CF msd, RiBz(t), y(t) 5 2(t) WH k Bl EwE

S3%.

BRI HERABRA R BENEYE, TARERESE (BEHN
JUER). SXHERE, BERT LU B — RS B 55, WA
I 32 3 7T LA B F 4 1 9 B



$ 21.1 PQ:R—-R3:
PBH)=]0 |, Q)=

£ R PREASANS ML P() BERWK, i Q(t) ZIEEMH,
B 490 =o0.

IL #% P:1-R®E—%BHEME RINK

%‘%(to)
T = | B | =P
dz
T (to)

B P(t) f Pto) ReyimE. B ¢ — P(t) R8sk P(t) 10
k5.

WRRATE P(t) B4 B ARES, AR 2 RSOy d % A &,
A B 5.

Y, ®P:1>R3R™) A—SHhk, X:I->RR™ R
—al st (B —w I BE R A ), Wk X £k P o el

x(t)

11
M//
P(t)

M. #% P:I-R3R"), P:I- RYR") RFELASHL.
4 5FF (diffeomorphism) ¢ : I — I {8 P = Po ¢, MK ¢
XN PF P SETH 5 TRLT (parameter transformation or
change of variables ). W#E ¢' > 0, W ¢ RFFEM.

b T — 1 RAMAFE, WE ¢ w8, B¢, ¢! HRTMBUT.

WXEALUES P(1) § P(I) fik RY(R") MFHEEMRMN.
ML ERE MR — &ML B, @R LR TE =8y

.8 .



X BERHEIFEASFMAR R —DHFH KR, R F UL % RS
EKHA—% (JESH) L.

#l 2.1.2 %t v, vo € R}(R"), &
P(t) = tv + v,
W P(t) EMXMEMY v#0. XE—FHE.
Bl 2.1.3 [ (circle) 58He4 (helix)
P(t) = (acos t,asin t,bt), a,btcR.

He o + b2 £ 0. P(t) EN.
b=0, ¥4 a HHA.
a=0, HE.

Bl 2.1.4 g%k
P(t) = (t*,¢°)

WE P(0) =0, FIARIEENN, B4t =0 A — R (cusp).
V
O(\ X
MBI 211 HF), R® hE—AETUERYTANSHES &

FIFTLLRIENE), FHA—ERENN. RANEEFRAENHES
—EX.

EX 2.1.1 R® % C HRYENMLE, MEEELE—-ISH
FER

z = f(t),
y=g(t)7 te (a,b),
z = h(t),



I B AA FAIER:
(1) f g, heCrab), K k23
(2) P:(ab)=C, tr (f(2),9(t),h(t)) BRI R~
(3) S¥HEY Ve (a,b) EN

& 2.1 WENSEZ A X, T HEA ) BP0 8 A0 i 28 L
H S* BAREMNSHEBML. FxE, R' FHFRERLIERE M S
REN, BREIMATREMORERE. ATRREX 2.1.1 B4R,
BANG &R — 1 E— R E L

EX 2.1.2 R K C RAEN ML, mEWSE FH&S:
(1) ##E R3 h—RENSHME {C:},
C = UC;;
(2) #at’) 5 oy(t) H5IHK Ci 5 C; MENSEHE. WE
CinC; #o, N ai(ti) 5 aj(tj) FBRHE C;NnC; ERE—AENS
.

BREX 21.2 HHT—RENRENEN, EABESTFRRS
TR, BB, ABHENMASFEEN 2.1.1 L.

22 WKSH
RE% C H—AEMNSKHRE
z f(®)
vy [=1] g9t) |, tel(ab),
z h(t)

Py, AeC,Py=Plty), Pi=Pty), BF ty < t;. FR P & B
I
1
uma)=/ ap
to

Et_dt

t)
V()2 + g'(t)2 + K (2)2dt.

to

.10 -



