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1. T & B 89— (T8 BT BB WEAFTFREU, TWU)=U
HHETHEFU PEERALGES. W T £—NLF T
EA: 2GR, 5RE 21 E AHERA KR, GBIR T & C? 8.)

2. R a(t) RESE T E/AH3K, 1EA:

(1) |a(t)| A% #HHAXSE (a(t),a’(t)) = 0;

(2) &% |a(t)| #0. W a(t) WFZmAE S B F a(t) Aa'(t) =0.

JiE B ;

(1) [a(t)|=% #& |a(t)]” = (a(t),a(t)) =F &

(a(t),a(t))’ = 2(a(t),a'(t)) = 0 & (a(t),a'(t)) = 0.

(2) & |a(t)] # 0, a(t) HFAFES e(t) = 2 RELEFERES &) = 0.
m e (e(t),e(t)) =1, A (e(t),e(t)) =0, BP: e(t) L &'(t). A, €t) =0 &
e(t)//e'(t) < 0 =e(t) Ae(t) = ﬁ% A (ﬁfﬁ + (hy)a(t) = a(t) Aal(t).

3. R 1.1 F=ME R 1.2.

MR 1.1 Kv; (1<i<4)ZR #ym@igE.

(1) vi A ('\-"2 i) 1-'3) — {vl,vg}vg — {vl,vg}"h"g;

(2) Lagrange 18 % &

(Vi Ava, vz Avy) = (v, Vv3){(Va,Va) — (V1,Va){Va, V3);

(3) (v1,v2,v3) = (v2,v3,v1) = (v3, V1, V2).
W v = (b2t (L<i<4),
(1) mEX, +HEA

i j k
viA (vaAvs) = (b oy, 2 A | 22 y2 22
3 33 23

i j k

1

5 al yl
223 — 1322 —a28 4 2322 128 — 13y

— (LB — aByly? 4+ 222128 282122 e 4 ple8y? g2 ls

—:131:5233 ot IIIHEE - ylyﬂz_ﬁ a5 y1y332)

3_y8,152

_ [:(:?;'1:{:3 g ylyS —I—EIEH):EE . ( 13:2 +y1y2 —I—EIEE)IS,
(Ilmﬂ_l_yly?}_l_zlzﬁ)yﬂ_ (:Elmﬂ_l_ylyﬂ +3132)y3,

= (v1,V3)}Va — (V1, V2)}V3.
1



(2) mEX, HEA

i jk||ijk
(viAva, v Avy) = {|zt oyt 21|, |23 43 23 |)
22 o2 22| |zt yt A

= ((y'22 g2, —al221 2228, wly?—a2yl), (1320?28, — 232t et s, pByt—aly®))
_glyBa2t _yly12,3 28,050 g2l 0 108,2,4 010423
—2223 202 4 22612128 + aledyyt — 2laty?y® — 222ty lyt 4 22atyly’

— (228 y B2 128) (et gyt 222 — (s lat gy tyt 21 h) (2228 y 2B 4 222Y)

= (v1,v3){va, vq) — (v1,Vva)(va, V3).

3) =X, +HA

i j Kk
(v2,v3,v1) = (vo,v3 Av1) = ((%,3%, 2%),| 2% 4° 2 |)
zl gl 2
={(e*,y% %), P2 — y'2?, -2 + ',y - 2'yP))
— Pyl iyl it L 28 08, 1 2 L 8,

_ Hfl(yngg . yﬂzﬂ) o yl(_EQ‘gS 1 :‘]’;'332) NE zl(mﬂyﬁ

—z°y%)
= (v1,v2 A v3) = (V1,V2,V3).

BREEF X, A

(v2,Vv3, V1) = (v3, V1, Va).

MR 1.21% f=f(z,y,2) R (AFECH—NER)LAG—ANHEK, o

F(z,y,2) = (P(z,y,2),Q(z,y, 2), R(z,y, 2))
Z R (RFCH—ITKER) Ley—~48E3H. 1)
(1) VA (Vf) =rot(gradf) = 0,
(2) {V,V AF) =div(rotF) = 0.
HEBA:
(1) &L, HHF

i j k
of of of o 9 9

VANVF)=VA o = |9z By D=
(V]) (SI Ay E?z) E:“:f 3? fgf

dx oy 0dz

_[aﬂf Of _oF  f 9f &Y

dyodz a dz0y’ - 9z0z 020z’ Oxoy N ayﬁﬂz) =4
(2) AL, i+ H%

1 1 k
0 0 9 5 73 2 |,
amiayﬂazl dx Oy Oz

P QR
& 9 8. AR 9Q OR 9P 8Q 9P
:<(3m’3y’6‘z)’ dy 9z’ Oz A TR T a_y”
_9®R  9*’Q R p 2P i 0’Q  9°P 5
dzdy 0xdz Oydx Oydz 0z0x 0920y

(VL VNE) = {(




4. % {O;e1,ez,e3} R—NEXARRK, 0 £ {1,2,3} s9—/~E ¢, EH:
(1) {O; e5(1), €5(2), €o(3) } B—AEARE,;

(2) {O €1, €2, F‘%} L:'J' {O Fr_r{l g{g)_E f:_;)} iiﬁj*ﬁﬁ] %.El.’fi% a ﬁ%{%ﬁﬁ
HE B :

(1 '@'ﬂ; {O €1, €9, F‘q} %ii*’]‘% 4 ’L%j H‘j’ ( )%D‘(j] ( cnl:j Er.r{gj)

0; % i=j B, 0(i) = 0(j), % (es(i),€0(j)) = 1. B, {O0;e01): €0(2): €0(3) } &
A~ IETARE.

(2) {O;e1,e2,e3} 5 {0;e5(1), €0(2): €o3) } ERAEIS 1 = (€5(1), €a(2)s € (3)) =
(-1l & |o| RiBH e o RIBER, P |o| RE# 0 KA.

5. i T R E3W—ALRE®R view R ESHANMRE, £ (TV)A(TwW)
5T(vAaw) X%,

M: LT X > XT+PREH—NERALEH, EF T R—ANEX4EH

a
#® v=(z!,2%,2%), w=(y,9%9%). T = (b) A

C
i j k ij KT~
(TYIA[TwW =22 2)T | =2'2* & ||T
Wy )T vty v
a b c a i
= |zl 22 23 ||T| = (A1 A2 A3) | b | |T| = (A1 A2 A3)T | j | |T|
y' vy c k
i _] k
= :rl :{: 223 (T|T| = |T|T (v AW).
y' y’ :ug

EF Ay =223 —2dy?, Ay = —zly? + 23yt A3 = 2ly? — 2%yl B,
(Tv)A(Tw) = |T|T(vAw).



r(t) = (acosht,bsinht)(t € R);
r(t) = (t,acosh t) (a > 0)(t € R).
. (KR 3)AL 2)
(1) BR, EALEMEAX r(t) = (t,at®)(teR). HEHHE, A
r'(t) = (1,2at), r'(t) =(0,2a), [r'(t)|=V1+ 4a2t2.
B, INK(EA ¢t 898 3) H(EFE a#0.)
t t
8 = / I’ (u)|du = f V1 + 4a2u2dy = %tx/l + -ﬂl.r:zgaig—l—i
0 0

4|a|

log |2|alt+V/1 + 4a2t2).

| £ #4569t F
A tan 6 = 2|alu. W) V1 + 4a?u? = secd. A, [ V1 + dauidu = EIE[ [ sec? 6d6.

Is= / sec? Bdf = /(sec 6 tan’ 6 + sec 8)df = ftan fd(sec @) + sec #d6

:tauﬁ'secﬁ'—/secgﬂdﬂ—l—fsecﬂdﬁ:tanﬂsecﬂ—I—I—lng|secﬂ—|—tauﬁ'|.

— %(tanf}'sec f+log | sec +tan B|)+C = %(2|a|u\/1 + da2u2+log |2|ﬂ|ﬂ_|_\/1 T 4a2u2|)+C.
] g,

1
/ V1 + da2udy = Eu\/l + da?u? +

1
—log |2|alu + V1 + 4a2u?| + C.

4|a|
)
B3 2 B
) < POV -0y 2
(2'(t)% + '(t)?)2 (1 + 4a2t2)3

r
(2) (T a0 Bb>0.

) A6 o & (2 (a,0)) 953 EE XA
r(t) = (acost,bsint)(0 < t < 2m).
HiEdH, A
r'(t) = (—asint,bcost), r’(t) = (—acost, —bsint).
wK A
t :

§ = /n \/.:12 sin? u + b2 cos2 udu = { %”%;é:[ﬁ]ﬁﬂ“ﬁ‘, Z ) g

iy

s < 2O ) =2 Oy @) ab )
(2'(t)? + y'(t)?)2 (a2sin®t + b2 cos? t)2

b



(3) E&HE, &
'(t) = (asinht,bcosht), r"(t) = (acosht,bsinht)

I K t
g f v a2sinh?u + b2 cosh? udu.
0
i &
= TP W) _ ab
(z'(t)2 + o/ (t)? )% (a2 sinh? t + b2 cnshgt)%
(4) B3 K5, A
oy _ppands Sen o
r (t) = (1,sinh a): r ()= (0; 5 cosh ﬂ).
K
k u 5 U t
g = / \/1 + sinh? —dy = / cosh —du = asinh —.
0 (L 0 (1 1
“FH
= TOVO " Wy(®) _ cosht
@Ry O] a(l+ skl t):

2. X & r(t) = (z(t),y(t)), IEHAE ey i F 7

() = ZOV O "0y ))
(@) +y/(t)?)?

HERH: B 4.
r'(t) = (2'(t),y'(t), r(t) = (2"(t),y"(¥))
s AWHE r(t) BIRKAE N s=5(t) 5 t=1(s) ZARKI

:rfz:?*’gi"gﬁ:l: :
KOl = VIO VO, 4, = o = T

d’ d dt.dt  z'(t)z"(t) + ' (t)y"(t)

ds? dt(ds)ds - (z'(t)2 + 3/ (t)2)2

B T -F @ & &4 Frenet AR FELH(RMHEF)SREFLX, &

t(t) ) dtf(;) i - {.\/:[rf{:t:;(ﬂ \/T Jy {t) 2)'

M, .
E(s(1)) = ()3 + ¥ () 55
_ VOO0 = Oy ) OOV - 0 (©)
B R O N IO RN O

n(t) :=n(s(t)) = (— y'(t) 5'7!(?5)
O =nol) = (-

)

5)-

FIT VA,

- z'@)y"(t) — ")y (t)
k(t) = K(s(t)) = (t(s(2)), n(s(t)) 3
( et = (2'(t)2 + o' (t)?)2



W]

E: AAFTELHHEK r(t) 89 Frenet AR A {r(t);t(t),n(t)}, FF

Y (1 o(t) y(t)
{0 = v (\/m,{ T Vo O
. 0 ‘0

@ \/ff’ff )2 +y (1) V') +y'(¢)?
3. A& C EWMAR (r,0) TRHATAH r=f(0),i£% C W FE
120 + 2% - FOF
(2(60) + (#)%)>
HEH: & C ASBETA r(0) = (f(0)cosh, f(0)sinf). A&t H, A
r'(8) = (f'(0) cos@ — f(8)sind, f'(0)sind + f(6)cosb),

() = (f"(6) cos@—2f'(0)sin@— f(#) cos b, f'(6)sin@+2f'(0) cos 6 — f(0) sin §).
WA 2 A

o) = ZOV'O) ~2"O)50) _ £0) +27'0) ~ £(0)1"(6)

k() =

(2/(8)2 + y'(6)?)? (£2(6) + (£1(6))?)3
4. KT 7|l &Koy ih F A E.

(1) r(t) = {umshr‘ asinht,bt)(a > 0);

(2) r(t) = (3t— 12, 312 3t+t2)

(3) r(t) = (a(l — E.mt) a(l —cost),bt)(a > 0);
(4) r(t) = (at,v2alogt, $)(a > 0).

M. (EHAA 5.

(1) A&+ 4, &
r'(t) = (asinht, acosht,b),
r"(t) = (acosht,asinht,0),
r'"’(t) = (asinht, a cosh t,0).

M
' (t)| = Va2 cosh 2t + b2,
r'(t) Ar"(t) = (—absinht, abcosh t, —a?),
I’ (t) Ar”(t)| = a/b? cosh 2t + a2,
(' (£)," (), 2" (1)) = ('(t) AX"(2), 2" (2)) = 0.
oy F
I’ (t) AY"(t)]  avb?cosh2t + a?
H’(f) — ITRYE = 3 9
I’ (t) [ (a2 cosh 2t + b2)2
ﬁqi 't r
7(t) = (F'(2),x"(¢), r" (1)) _ b

(t) AT”(t)|2  b2cosh2t + a2’
(2) A8+ H, #F
r'(t) = (3 — 2t,6t,3 4 2t),
r’(t) = (-2,6,2),



r!ﬂ'{t) o D
M

()] = /2(42 + 18t + 9),
r'(t) A (t) = (—18, —12,18),
' (¢) A r"(t)] = 6v/22,

(r'(t), 2" (¢), 2" (1)) =

PO A 3V
O (462 + 18t + 9)7

CORLOR L)
0= e AP

k(t) =

== f)

r'(t) = (—acost,asint,b),
r’(t) = (asint,acost,0),

r"'(t) = (acost,—asint,0).

r'(t)] = Va? + b2,

r'(t) Ar”(t) = (—abcost,absint, —a?),

¥()) A" (8)] = av/a? + 7,
(r'(t), (1), " (t)) = (*'(t) AT (t),x"(t)) = —a?.
B F
) Ar"(t)] avaZ+b2 a

Bt = — — R
O="WoPF ~@iml @17

rE
(t) (r'(t),x"(t), 2" (t))  —a*b b
WIETIOATOPR | 22462 @+ 002

(4) (%2 t € (0,400)). B&ITH,
w/ia (1

i

\/ﬁu 2a

I"H(t) = (D:l = 2 13 ):

¥ (t) = (0, 2v2a 2

3 7 4

r'(t) = (a,

M
a(t?+1)
o= 212

\/Eaz 202 \/ﬁag

! It
t o f— ,— , — ;

20, 2
) ar(e)] = 2 (;1 =




a3
(r'(t),x"(t), v (t)) = ('(t) AX"(2),r"(t)) = A

ﬁﬁ
oWy F
<(t) = Y(t) Ar"(t)] _ V212
r'(¢)]° a(t? +1)*°
"E
() = (r'(£),x"(t),x"(t)) V22

@) A2 a(t?+1)%

5. iEBA: E3 ey EN] th & r(t) 69 iy FheiEF 55 R
() Ar(2)]
0= P
o (x'(t),x"(t),r"(t))
'(t) Ax()|2
HERA: % s RME r(t) WIRKEH. W s=35(t) Ht=1t(s) ZARKH HT=
] o 2% &) Frenet iR At F 5 (515 69) S HBERA X, ¥

t(t) == t(s(t)) = dr{;gﬂ) ¥ r’(t}%, % - W—;”

l’2 ;

és(t)) = ") + 7))z, n(s(t)) = b s(0),
dt d2 3
ts() = 1"y + 3 B Ly L
b(s(t)) = t(s(t)) A n(5(8)) = —=ct(s(0) A E(5(1)
1, .dt o, . dt ., d*t
= ) &) Al {f}(ﬁ}g +r(t)_5)
B 1 dt 3./ 7
VIS

w(t) = K(6(0) = ()° (0 Ax()] = L

1€
k(s(t)T(s(t)) = (t(s(t)), b(s(t)))
Y T | SN . S ;
= ("(6)(--)° +3r ) —a trlt)—s, H(S(tnt{s(t}) A t(s(1)))

. dt . g O ol (8)
_H[S(t))(ds)( (), (E), " (1))




B .,

r(t) = 7(s(t) = =5

(x'(8), ¥"(£), x"(t))

G (r'(), 2" (t), x"(t)) =

02 7' (0) (6 A ()2
E: EESHB K r(t) 49 Frenet 47K A {r(t);t(t),n(t),b(t)}, L F
(t) = S8 o Y ¥ _,
FB) Va2 PR i
rH{f)
$) =
") = o)
Y(t) A r' (1)
bif] = _
O = 10 Ar7(0)
6. 1EAR: £

a,

[ ] [
Balia

(1482 (1—8)2 s
I‘{S) O ( 3 3 3 3 '\/E
s AIRNKSH, R E, EFEF Frenet .

J(—1<a<l)

WM T
gt I, 75) ((1<s<)
()] = \/“f +i8 + 2 =1 # s RRKEH Am,
t(s) = r'(s),
i(s) = ((1 +;)-:% _ (1 —;)-% i
Bl w(s) = [t(s)| = |/t = ﬂ“‘f}"é. o
a(s) = Lige) = (L0 VELEa
V2(1—5)73 V2(1+35)73

BE

. Ea 32 =
r(s) = (A(s), b(s)) (= —(b(e), n(s))) = Y2 -

=G, W r(s) 49 Frenet AR A {r(s);t(s),n(s),b(s)}, £+ t,n,b = L.
7. R &

B | =

((e7#,1,0), t<0;
r(t) =4 (0,0,0) , t=0; (1)

1

(0,t,e" ), t>0.




10}

(1) €9 r(t) R—FEMNE, BE=0LHF £=0;

(2) K r(t)(t # 0) Bt &y Frenet 475K, J it t — 0 B, Frenet /K a9 AIR.

B (1) iz sHiE S E sk k (e 2)® = BB o st REH
B, Pe(t) RET t 09— N5, X HBEREEHFE.

Lt <0 B,
F(t) = (e #,1,0), /()] = (1+ e #)}
t'g 1 ¥ i tﬂ 1
" —6t% +4 _1 / o 6t2—4 _21
(1) = (—g e ,0,0), ¥() AT'() = (0,0, "5 e ),
w9 (0) = (D e 0, 0)(k > )
t kdm, r(t) (t < 0) REBWGL r/() £ 0, B RER &,
HEELI=04NE - EFEN (E>0)
0 , k#1;
&) (0~) = i (k) () — | ’
(07) = tm O ={ o T 2)
EH, Bt >0 B,
/ 2 _1 / 4 3. 1
(1) = (0,1, 3¢ #),, ()] = (1+ ge ),
a2 . a2
(£) = (0,0, e TE), (O AX(D) = (e #,0,0),
X8 (1) = (0,0, 5D e~ )(k > 2).
M r(t) (t>0) REM 4.
WA L= 0 REE kMt I®A (k> 0, 10 = r)
0 , k+#1;
&) 0ty = lim r'® () = | ’
m 0] = ) {{0,1,0), k=1 (3)
= r(®)(07).

Fh, REt=0LLLZEMN. 2L & r(t) (e R) RENG. Ad, K
HEELER L)REF.
B35 H& r(t) (t£0) YR FEH

! " 2 —tl
() = FOATOL_ 62 —dleF
r'(¢)] tﬂ(1+t_ﬁe )2
k() £ R EREFE; 0, £t=04RFLEN. KA
662 — dle”

— |

k(0) = lim k(t) = lim 5
t—=0) t=() tﬁ{l + %E_F)
t

[ B
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(2) B AR5 BEE&IE, B r(t)(t # 0) & Frenet 47587 {r(t); t(t),n(t), b(t)},

A
f —Q-Te_?lf’f |
( f‘4 73 Tz 10 <0
t(t}_ I'I{f) _ 3 {1"'?.,'5 f‘-)i (]._-"F'Eﬁ L )2 (4]
B |rf(t}| a 1 B -%'J
FE
(U: 4_2 1 4_2 i)’ t}[]
. (ltme #)a (I+me )3
sgn(—6t2 +4) 2sgn(6t? — 4)6_?%*’
( 4_2 i.'l 3 4_2£-_|U)-_| t‘iU,
Dy (1"_?.,'& #)z %1+ ge )2 (5)
ni{t) = i
2sgn (612 — 4)e” 2 sgn(—6t% + 4)
{U: 4—2i '.'U)‘.I 4_2 i): t:}ﬂ
: B+ Se )3 (1+ 5e )2
(U:{}'J_l}! t{[-]!l
b(t) = t(t) An(t) = 6
(t) = () An() { WY (6)

HEt— 0 B, &Y Frenet 42K 4 {r(07) =0;t(07),n(07),b(07)}, HF
£(07) = (0,1,0), n(0~)=(1,0,0), b(0~)= (0,0, —1).
mE t— 07 i, §&KA Frenet 42K A {r(07) =0;t(07),n(07),b(0")}, FF
6(07" )= (08,0}, mf0™)=(0,051); BO™ ) =(1,0,0):
Hi, &t — 0 8, H&E Frenet R MRRAFE(L. FARRAEETHEF).
&:?i: M EBRT AR, ENAEXAEHER (8L, Frenet AR RIRAR L5

8. ii"%ﬁiﬂ']lﬂ‘]i{? r=r(t) R & Py, mr(ty) £ C 5 Py BEHRILM A,
JER: W= r(tg) — OPy 5 v/(ty) & 1.

HEHA: X py, & Py WAz E =, BREIL, r(ty) RIEHHE d(r(t), py) IR ME
&, BRHMEE. A, r(ty) & d(r(t), py) = (X(t) — Py, T(£) — py) BHLAMEE.
e 2 (x(1), Do) 4 e &6 FH 8 0, B: (d2(x(2), Do) (to) = 24t (t0), (t0)—po) = 0.
M, (tg) — po L (o).

9. (1) X E? PHK C WA WA —/ R X, £ C RAK.
(2) EBH: BT £EKRTE waydh & A H.
HERA: (1) & Py RRKAHBE C:r=r(s) WWEAINE &, LEEmE
ik
B B IX,
£(5) — o = A(s)t(s).
EF As) = (r(s) — pg.t(s)) R—AARBH. H EXAALKF, A

t(s) = A(s)'t(s) + A(s)t(s) = A(s)'t(s) + A(s)k(s)n(s).
BT t(s),n(s) KAEHAX, A
As) =1, A(s)k(s)=0.
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M, A(s) REH 0. Bk, B k(s) 89:ELME, &0 k(s) =0. #&, C RAK.

k=

BBIE, r(s) — po//t(s) & (r(s) —py) At(s) =0. & py "4E C L, N3] A
— %28 (2),C RA—%3F Py WAK, /A AR, b £ C L. & r(so) =pg- &
NA—% 27 (2), r(s)(s > s0) A= r(s)(s < sp) RAFHL. fr(s) £ s=350 &
TR B RA—FWK, & C LAR—FHA.

(2) ZRKEHHE C:r=r(s) HEFRITE B (XEZEAEH py). N
AGEE: BRTEELAE, KBFEERA 0)

r(s) — po = A(s)n(s),
£ A(s) = (r(s) — pg,n(s)) R—AXFHK. 3t EXHDKEH S A Frenet 2

X, A
t(s) = A(s)'n(s) — A(s)k(s)t(s) + A(s)7(s)b(s).
BT t(s),n(s),b(s) K&K MELKX, A
1—A(s)k(s) =0, A(s)' =0, A(s)7(s) =
0,4 AMs) =X AFH. B 1 - As)k(s)=0, A XN#0 B k(s) =

B A(s) = _
AT W () () =0, 3% 7(s) = 0. A, xEH 3.1 (p.22), C =-Fd i £.
B # 2.2 (p.17), # C £ H.

10. R T(X)=XT+P R E> §—ANSRE#Kk, detT = —1. r(t) & E3 &§E
Mgk, KBAXT(H)=Tor(t) 5HK r(t) 69IRKEH., HF, BERHXF.
HERA: X T AT MIRKAM. T 7T RBESFALYE) =T, A
das ; ds

:3L"|-:=---I|-I

Hs—s=F& B:r(t) 5 T(t) WIKKSE4R. A, TEHF s HF 7(t) &R
KA.
K S d iy 2% T(s) 69 Frenet /7R A

— = Sfdid a1y p P |
(g) ds ds
dt(s) dt
= T
ds ds

B, Bi(s) = n(s)T, 7(s) = k(s). §F detT = —1, &
b(s) = t(s) Afi(s) = (t(s)T) A (n(s)T) = detT(t(s) A n(s))T = —b(s)T.
AP ERE-ASXENT IA—, 5 (p.13). %

7(s) = —(b(s),1(s)) = —(=b(s)T,n(s)T) = (b(s),n(s)) = —7(s).
#EAH L, A R() = k1), T(t) = —7(1).

11 BIRKREHB K r(s) WHR k>0, F 7> 0,b(s) £ C WaAEFKME,
zX & C:

Tls) = /; b(u)du.

(1) 8] s RMEK C WIRKAKEL R=1,7 = K;
(2) K C # Frenet ##3R.
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M: BT [F(s) = |b(s)| =1, 8k s RAK C : T(s) WIRKEH. HBKC
&9 Frenet 4% H {T(s),t(s),1(s),b(s)}. &k, A t(s) = b(s). B2 XA Frenet
AKX, BB C Kk E
7(s) = [t(s)] = [b(s)| = | — 7(s)n| = 7(s).

W, Ti(s) = —n(s) B 1i(s) = —n(s) = x(s)t — 7(s)b(s). B,

b(s) = t(s) ATi(s) = —b(s) An(s) = t(s).
# C L4 &% Frenet #rEH {¥(s),b(s), —n(s),t(s)}. £, W& C W%

7(s) = (n(s), b(s)) = (s(s)t(s) — 7(s)b(s), t(s)) = k().

12. S RKEEBE r(s), CHHEFRREFANEZ k= k(s), 7 = 7(5); ()
BELEEE t(s) TAERERB 2 Loy —F &, HRAGK r(s) 89 &K%,
JERA: & T(s) :=t(s) W FE, BEHAHE

HEAA: B Frenet 2 X, T'(s) = t(s) = kn. (3 [¥'(s)| =k, s AL R BHE T(s) Ik
KAEE) FRRIAL T HEHE T(s) 69 RAEF. R Frenet 2 X,
'(s) = kn + kN = —k%t + in + Kk7b,

™ (s) = —3kkt + (k — k® — kT2)n + (27 + K7)b.

M

1)

T (s) AT (s) = k21t + k°b, [F(s) AT (s)| = K2V K2 + 72,
8 A5, A

r(s) AT"(s K2V K2 + 12 T
E{S}Z| {:)“ﬁ‘ ()|: \/ + :\/1_|_(E)2_

IT’/(s)[3 o
B T
(¥ (8),7(s),7"(5)) = k3(2kT + Kk7) — 3r3kT = K3 (kT — KT),
A
i (t'(s),7"(s),7"(s)) _ k3(kT — KT) _ S _ %(E)
¥(s) AT(s)|2 k(K2 + 72) K ’r; k(1 + (E)E) :

13. (1) K F k(s) = 27 (s HIRKEHK) 69-F @ &;

(2) KEFE k(s) = ﬁ (s AINK A ) 69-F @ oy 4.

M i, R BE g(s) (R s AIRKEH), KB-FoRd RO KT

X t(s) = %{5} = (dT{E], dy{ﬁ}) = (cosf(s),sinf(s)) (&5 1.2 (p.156), &
AAEZFHE 0(s)LEE) RELETHRE), W k(s) = (£(s),n(s)) = 2. %

Bis} = ﬁﬁﬂ(t)rﬁ + ¢,
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£ e HFH KA,

dx(s)

— ms{[: k(t)dt + ¢),
rjgé(ﬁ) _ sm(/E k(t)dt + ¢),

fcm/ t)dt)du + ¢) + ¢,

y(s) = / sin( / Kiadagd 3,
] 0
Eb e REHK 2L FEBHEH

rlal= (/E cﬂs(/u k(t)dt)du + ¢) + cl,fﬁ sin(/uh:(t)dt)du—l— c) + e3)
0 0 0 0
(BF, BRcec=c1=c=0, LFH—FHE

/ cns/ t)dt)du), / qm(/jm(t)dt}rju).

Rig, RIE-FadRieXA A eH 44 @S- FRRKREHFTE A HLE4HGY
5 ]
RN A X, fﬁ%ié@%@ﬂhﬁ(u :} 0):
(1) ( ) (ulag(eJr«../aﬂ T 52), V@ + %) (Rt BAE&F @ R ARE 894 K);
(2) r(s) = (9c5va% — 82 + 2 arcsin 2, 2ﬂ) (B i 544 F-F @ RIRIZEHEGEMR).

14. EH: 2t E® IR KARKA K r(s), A

2 3
(1) (3, 75, 55) = K°;

dt d2t d3 Sy 3 ;
(2) (d‘éa'%'J)=H*fﬂ’f—ﬂfr)=ﬂ%(£)g g
HE B : ()ﬁﬁlﬁenﬁtfai,ﬁ%:t,j?; t=rn, ¢f =t=kn+rn=
— k%t + in + k7b, & o= ﬂ—g = kb. ¥

(dr d’r d?r dr  d?r d°r

,==5) = {kb, —k%t + 7 b) = k27,
ds’ ds?’ ds3 {dq 42 'rL~3:3> (kb, —k“t + in + kTb) = K°7T

(2) & Frenet 2 NS —::r = —3kkt+ (K — k3 — k72)n+ (247 + K7)D. ﬁ‘ﬁ%ﬁig —

‘irﬂ'é: =5 ’Tt—l—f{qb #

B .,

El..

dt d*t d°t dt d?t d3t s g . :

[ds’ ds?’ dsg) B {dsﬁd,'g?’ dsﬁ} = (°7t+£"D, —3Kit+(i—k°—KT° )0+ (267 +K7)b)
d

— 35T + mﬁ(ﬁfi*'r + KT) = H.g(h:’?" =) = Hﬁd—(z)
g
15. JEBH: H A F4 3
1, ,1d,1
)+ (o (0) = H &

BINK SR, AERRBE K, A& v AFHR
ER: BEAKRAHBE r(s) WHERH « TARFHR FEMEY
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KS#, H

R I, K L el [ o
p(.q)_t+—n+( K2 )H—I_;a(};)b—]_de(;da(g))b
K K d 1d 1 T d . 1d.1
= bl H_En_i_m_n—'_d?(q*dq(ﬁ))b:(__I_d-a ’Td’i‘( ))b.
e (P + LR =¥ £5% #F
K Kk d 1d 1
23 e T m'R) T
HT k AEFH & REH 0. HESEN 53
. gald L. .
_+r19{frd€( ) =0.
E, p'(s) =0. & p(s) F®=E, iLH py. ™
3. akag hd ol o
() = pol? = (5)2 + (- (2))? = H 4,

HH & r(s) £A— R E Lk

i ( ) R KEHBE r(s) B—NFELH o 9KRBE, BP: |r(s) — py|? = a?
STEAFTEE py. KFH, A 2(r(s) —py,t) =0. 3, r(s) —py L t. B,
r(s) — po = A(s)n(s) + p(s)b(s),
P A(s) = (r(s) — pg,n), u(s) = (r(s) — pg,n) XA HE. 33 EXHLKFH,
)
t =Xkt + (N — pur)n+ (A + p')b.

#H
AMM==1, N —ur=0, M+uy =0.
E i,
1 1, 1 d .1
)\:——_‘ :—_:’h = —— — | —
5 5 T Tds 'K
Ffr VA,
1 1d 1
_ N .~ (7 N i i ) -
t(s) = po = —-(s) — = ==(>)b(s)
i 1d 1
1 2 2 2
(r.:) —I_(Tdé-'(.‘{)} =

XA B ARKEAHKBE r(s) WRERA BN, CEELIRE L —
MBEHR

Lo, dd 1,
(.n:) ('r f.i!::(ﬁ: =B
(2) # Sh&y3EBH 7 ik
Bk vk RAFH ZAHE
- 1 T d; o1
Fla] i= ——n- FE(E)I)'

HRIBMIL, LA —ANRB &R, L& HFRABRE[EAFE (1)), A
r'(s) = t(s).
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s A& T(s) WINKASHH T(s) 8 Frenet 4R A {T(s);t,n,b}. Hk,

Kk(s) = k(s), T(s)=T1(s).
WAR KA KT 42 PE—M], W& T(s) B r(s) AA8E— AR, &b
% T(s) WARTH XK.

16. T PP A E> P& C L5 PR C L Py AL E | & Py 9 &.
1iE B :
. 2d(P, 1)

PR d?(Py, P) = x{Fo),

X¥ d&T E° IESH. 5
77 #—: (& L’Hopital &)
B L’Hopital # M & Frenet 2., A

lim ) —rleo)inia)) _ g, (Ha),nlo0))
S—+5Q EI‘(S) = I'{:S[])lg S5=r5(Q 2{[‘(‘5’) — I‘{:Sﬂ):t(s)}

k(s)(n(s),n(sp)) 1

= BRI (x0) — rlo0) WO 20

Ffr VA,

: 2d(P,1) ..  2|(r(s) —r(so),n(so)}]|
1}1—?1130 d?(Py, P) ﬁiiﬂln r(s) —r(so)|?
7 &= (2 B Taylor & X)
B Frenet 2 X, & r(s) &£ so &4 Taylor & XA
r(s) =r(sg) + t(so)((s — s0) + o(s — sn)g) + 1‘1(3[])(%&(3[])(3 — 3.:])2 + o(s — S[])E)

+b(sg)o(s — SH)E.

= Kk(s0) = k(Fp).

3]
d(P,1) = |(r() ~ r(s0), (50} = 3#(s0)(a — 30° +ofs — 50"
F(Po,P) = Ir(5) ~ 2(50)* = (5 — 50)* + o - s0)".
) (P _ L 2(r(s) — r(so).n(s0))
PPy d2(Py,P)  s—so r(s) — r(s0)|?
- i 20IC W) — o) = ()

17. K ERBERFRL 7 =ck (c AT, k> 0) 698 &,

M AERKBHT MG ZENRRKEHKRN r=r(s).

(1) ec=08,7=0. &LTHEXBELNF@ L, TARHIAZ 13 698 F R
R —JFTERBR i, T2EENR, REFELL, -Fady Ky IR A
5, 5ZRR BB EZL B ZN FR2ABOZEGEEH-FoE XagdFE
Atk B, BRERFA LT XK.

r(s) = (/ﬂs cns(/ﬂum(t)rﬁ)du—l— a) + cl,/: sin{/ﬂu k(t)dt)du + a) + c2).
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T g] = ) utdtj.’—l— + c1, — " utlfd—|— + ¢9).
r(s) (/n CDE[:[” k(t)dt)du + a) + ¢4, /ﬁsm{/ﬁ. k(t)dt)du + a) + c3)
(2) 181X ¢ # 0. & Frenet A, A

Fdt
ﬁ = KN
§ = kbt 7b (7)
db
; E = —TI11
PE(BEF09) 5T, 0(s) = [, w(t)dt. W df = k(s)ds. TAZA (T) TAKE X
i 1t (6
ré)ZMQ
dn(d
4 1;(9) = —t(0) + cb(8) (8)
0 AT 2| p
6
;;i ) = —a’n(h),

HEPa=vV1+E2 w7224 FEAER
n(f#) = cosafle; + sinabes,

HF e,eo RFEE. M, TTEAEE Z4248 (8) P89 % — X, %
t(f) = é(sin afe; — cos abfley + cez),
ftF es AFME. BARA 8) FRE=-X, A
¢ 1

b(f) = ——(sin afe; — cos alfles) + —e3.
a a

HF s =0 B (BP: 6(0) = 0 B), Frenet 4% {r(0);t(0),n(0),b(0)} &% F 7
G H B ER. Wb

LoP e RTFAIXN 1 ERIERE. B, LR {e, es,e3) HEF AL
$EEX FE, 8 T t(s) FEFBLGRKAKH K

ds
r(f) = 1(/: sin(af(t))dte; — f; cos(af(t))dtes + cses) + v,

/)

1 5 t 8 t
= (f sin(v/ 1+ r:Q/ f(u du)rjtel—/ cos(v1+ 02/ k(u)du)dtes+csez)+v
v1+c2'Jo 0 ) 0 ( 0

2 v EFTGE.
E: XAk IIAMREWNEASAHURANLBERBYGT M, AN X—&

Ik -F oy ) 4% 69 TS L.
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18. (1) & r(t) R-FEWX, EH k(t), KB L T(t) = r(—t) 65 F;
(2) % r(t) & B3 9 &, K&K T(t) =r(—t) W it
W (1) 3% r(t) = (2(t), y(2)), M F(t) = 3(6), 50)) = (—a(~1), —y(—t)). K
F(t) = (#(6), 7 (1) = (—2'(~t), —y/ (—1)),
() = (3(8), 7' (1)) = (2"(—£), 5/ (~1)).
MBI A
= ZOTO PO W)y
@2+ 7)) @ (1) + y(—1)?)3
(2) F T(t) = —1/(—=t), T (t) =1 (1), T (t) = —v"(—t), RIEEI A 5, A
_ ROATW |- A ()] (=) Ar(=1)]
e = A B a7 s | R )
NS i o W e ) B ) e )
FOATOE =P AP (DR

00 )
T e Aeop Y

CRIBRKEKEBE r(s) IMEF v(s), RIEHLUTE X
t(s) = v(s) A t(s),
1:1(3} = v(s) A n(s),
b(s) = v(s) A b(s)

MR (R R AMA 1.1 (1), pd.)
BE, EF v=v(s) TUARETH

—Z &, R 1.1 (1), A
tA(vADn)=(t,n)v—(v,t)n = —(v,t)n.
B —7 |, HRIX A Frenet 2~ X, F
tA(vAn)=tAn=tA(—kt+7b)=—7n.

A, (v,ty=171
Xl Hb,
0=nA(kn)=nAt=nA(vAt)=(nt)v— (v,n)t=—(v,n)t
—kt=bA(kn)=bAt=bA(vAt)=(b,t)v— (v,b)t=—(v,b)t
A, & (v,n) =0, {v,b) =
B st
v =7t 4+ kb.

20. FEB: # & r(t) = (t+v3sint,2cost,v/3t—sint) HH &K T(t) = (2cos 3, 2sin &,

AL ay.
HERA: B 3.2 (p.22), & 7(t) REAERAR. W@\, k(L) =
MAEEEHE r(t). BETH, A

r'(t) = (1 + V3cost,—2sint, V3 — cost), |r'(t)| = 2v2,

|
~i¢
o~
-
e
I
|
e L

—t)
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r"(t) = (—v/3sint, —2 cost,sint),
r'’(t) = (—v/3cost,2sint, cost),
r'(t) AY(t) = (2V/3cost — 2, —4sint, —2v/3 — 2cost), |’ (t) AT (t)| = 4V/2,
(r'(2), 2" (¢), 2" (t)) = 8.
5T 5 (p28), k(t) = EOAO Ly - 1 g g
(&R ERTE[E—M] p.25), B& r(t) = T(t) ME E3 65—/ RIAKE3h, A
m E A SR &Y.
E: M, ZIEAFERROHE r(t), T(t) RERW, T l$Eke T & BT
(1) #HHARKSHBEK r(s), T(s) (X AR —AFE X HE L),
(2) &y R AR FE: k(s) = K(s), 7(s) = £7(s);
(3) 42 4.2 (Ao LR RIAREZF) 9 IFH), FH 248,

21. ERAEE 4.4 (p.27).

E I 4.4 % k(s) AELT fok#, N

(1) BE-FEREBE r(t), €% s HINKEH, & k(s) A iy F,;
(2) LiEy R AEME-FRAOG—/RIREFHGELTAE—.
HERA: 2 LK, 5 43 ¢EAE A4,




20)

$Tﬂ2@2$ﬁ%ﬁi:
(U%+%+%=1Wﬁﬁh
(2) 5+ % — % =1 (-t H &),
(3) 2+ % — 2 = —1 (et iy @);
(@z:§+2{ﬁ@M%ﬁ)
(5) 2= —Z3 + & (W dedh @ RE D¥R);

:ﬁ—4%5Tﬁﬁﬁ%Tﬁﬁﬁﬂ#¢ﬂmﬁﬁ%ﬁﬁﬁﬁ%%ﬁﬁﬁi

F—F: FRALBE. FEATEAE—ADFH, WF B /A=K b &6 T A2 (Hh
@wﬂ@ﬁﬁﬁ%%)%Eﬁﬁﬁﬁﬁ%ﬁﬂﬁﬁﬁﬁﬁi

By HARTEE oY FRORRRAX—MA RRT, TUARE S &
HOH ARG I F T ] okl & &) S AR A K

(LA FETAR B XL XA EH. 7o, —&dd ey 53R A T IR
e 2 4% 2 6 JUAT HE R 45 2 ]

(1) M3 AEATR T (RIAK LT R T)

. . Y[ ril
r(u,v) = [acnsucﬂsw,bcnsusmv,ﬂsmu)(—a <u<—, 0<v<2n).

TP BT I IE O BT I

2 2
2u 2 P(%f-l—” 1)
r(u,9) = (g w7 o) () €R?).
subgnl Zrbig Al Srobia i
VEZE S € &3
. s T
T, n) = (asecumsw,bsecusmw,ctanu)(—a <u<g, g« 2n);

r(u,v) = (acoshucosv,bcoshusinv,csinhu)(u € R, 0 < v < 27);
r(u,v) = (a(cosu — vsinu), b(sinu + veosu),cv)(0 < u < 27, v € R);

r(u,v) = (av1+u?cosv,by/1+u?sinv,cu)(u € R, 0 < v < 2n).
(3) M2 ET

T
r(u,v) = (atan ucos v, btan u sin v, ¢ sec H)(_E < e E, <0< 2x)

r(u,v) = (asinhwucosv,bsinhusinv,ccoshu)(u e R, 0 < v < 27)

r(u,v) = (aVu? — 1lcosv,bvu? — 1sinv, cu)(|u| > 1, 0 < v < 27).
(4)

52l
eltn) = (10, > -|— 7)((u,v) € R?);

r(u,v) = (au cos v, bu sin w,ug)(u cR, 0 <v<2m).

TLE ’UE

I‘(HJ“LJ] — (HJIU'.' 0 bg)((u ﬂ) S Rg)
r(u,v) = (autanv, busecv, u )(u #0, 0 <v<2m)(EF3H).

r(u,v) = (ausecv,butanv, —u?)(u # 0, 0 < v < 27)(FF34%).
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2. (1) r(u,v) = (a(u +v), b(u — v), rilm}) M AdaE?
(2) r(u,v) = (aucoshv, businhv,u?) A2 & &7
ﬁ()ﬂﬁ@%ﬂﬁ%g_m-ﬁéﬁﬁﬁﬁM%@

12

(2) B BROFAELR 2 = L fa 2 >0, BRE ARG T E zy-F @
BXLLE P

3. £ zy-F@ABHE r(t) = (z(t),y(t) & E3 89% & a T d
ENE & &

f: LB L E S EEEARKR ELEX SN EEaERT I E a I ENMEHR
B e 3k @A S SR % X

r(u,v) = (z(u),y(u),0) + va.
E: — ke, Fr(t) R—FERBE NEL B OTATE a TS EN
& Ay SRR A KR
r(u,v) = r(u) + va.

:1ﬂ% %@Fﬁﬂ)—oﬁ%%h$@ﬂﬁﬁ.

ﬁlﬁ&ﬁh'géﬁﬁﬁ%ﬁ%ﬁ (G Gw; G ) —FLEF GE — _uFl{E E}+EF2{£ E} GTJ o

I-'

Fﬁ‘ﬁg_f%uiﬁgﬁuﬁrpﬂ%g¢hﬁ%ﬁ$ﬁ.!kﬁ@&ﬁ&
W0 @

—(yFi+ 2B (X —z2)+ R (Y —y)+2F(Z — 2) = 0.

BT
—(yF1 + 2F)(—=) + e F1(—y) + 2 Fa(~2) =0,
b i it R

5. &k S 5 F|@ I AT P & B SAATIIE—Mm, jE0A: II Ry & S
£ P B&m-Fa.

W X E S EAREEKXA r=r(u,v), P=r(up,vo). X a £ II IR
FEE BA5e @ AT Ae—N. FEHE S 95 ERHK

h(u,v) := (r(u,v) — r(up, vp),a).
HARIR, P & h(u,v) A ME S, AR EWIEF . &

hu(ug, vg) = {ru(uo,vo),a) =0,

hy(ug, vo) = (ry(uo, v0),a) = 0.

BP: alry(ug,vg) B alry(ug,vg). A, a//n(ug,vg). m-F& I L & P, Hit
& P B8y tn-Fd|.

CER i S E P m RN TpS FTHd L P sty &E P syw
ﬁi’:é’ﬁi

WEH: R E, idg S LTS PABREAE P a0t
A TpS F.
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Rk, & P =r(ug,vg), v=ary(P)+br,(P) € TpS. 1] § L&
r(t) = r(a(t — to) + wo, b(t — to) + vo)

Ze P, BA r(tg) =P. m¥& r(t) 2= P 8@ EHN v = ary(P) + bry(P),

HvAHE SAEP EN— RE.

7. KA m Ay F— A K
M. B3R 1 (1), MR\ E—NSEEEXY
T s
r(u,v) = (a caaue:}sv,bcusuﬂinw,ﬂsiuu)[—a | E,{] il 29r)

3

r, = (—asinucosv, —bsinusinv,ccosu), r, = (—acosusinv,bcosucosv,0),

A

Be= i i) = a?sin? u cos® v + b?sin? usin? v + ¢ cos? u,
3 39
s ) = a” b sin 2u sin 2v,
G = (P, Ty)= a? cos® usin® v + b? cos® u cos? v.
#H— KA K
I(u,v) = (a®sin® u cos® v + b?sin” usin® v + ¢* cos® u)du?
g b2
5 sin 2u sin 2vdudv

+(a® cos® usin® v + b* cos® u cos® v)dv?.

8/14. K Fr|eh@meyF—, ZHEAH X

(1) 22 @: r(u,v) = (f(u),g9(u),v) ;
(2) B2 ®: r(u,v) = (ucosv,usinv, bv);

(3) #ﬁ»f’&%tﬁ r(u,v) = (a(u 4 v),b(u — v),u? + v?).

#: (1) w
= (f'(v),¢'(u),0), ry,=(0,0,1),
A
E={ry,ry)=fl(u)’+g'(u)? F=(ryr,)=0 G={(ry,r,)=1

#E—E AT K
I(u,v) = (f'(w)? + ¢'(u)?)du? + dv?.

52

ry ATy = {;9!(“) _ff{u):ﬂ):
" 1

n:= "(u), — f'(u),0).

\/f,(u)”g,{u)g(g{ ), —f'(u),0)

m
Fyu = {f”(u),g”(u):[})? rypy =0, Iy =0,

#
L = (rus.n) o (u)g' (u) — f(u)g fﬂ)1 M = (rup,n) =0, N = (ryo,n) =0

V() + g'(u)?
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du?.

oy LW (W) — f(u)g" (u)
II( 2 ) \/f.r{u)ﬂ_l_gr(u)g

r, = (cosv,sinv,0), r,= (—usinv,ucosv,b),
E={r,r,)=1 F={(r,r,)=0 G=(r,r,) =u?+b.

B — A A K
I(u,v) = du® + (u? + b?)dv?.

2]
ry, ATy = (bsinv, —bcosv, u),
l 1
= bsinv, —bcosv,u).
u? + b2£ )
iy
Piw =0, Tuy=1-=smu,cosv,0), Ty= (—ucosy,—usiny,0),
. b
L= (ryy,n) =0, M= (ry,,n =— , N = (ry,n) =0.
(Fuu ) (Fuwr) =~z N = {r0, )
Mo, B =AM X .
II(w,v) = —2 duduv.
(u,0) = 2=
(3) =
r, = (a,b,2u), r, = (a,—b,2v),
A

= fraceal= aﬂ—l—bg—l—-élug, Fr=ilpenrs) = ag—bg—l—dum (=P Ty )= a’4+b% 402,
R — AT X
I(u,v) = (a® + b° + 4u?)du® + 2(a* — b + duv)dudv + (aﬂ + b2 + 40?)dv?.

i3}
ry ATy = (2b(u + v), 2a(u — v), —2ab),
5 1
= Jala o) F BT o T (b(u +v),a(u —v), —ab).
e
Foni=10,0:2), Be=s =102},
3 4
A ol . M=0.
Va2(u — v)2 + b2(u + v)?2 + a2b?
M, BB AH X

B 2ab
Va2(u —v)2 + b2 (u+ v)2 + a?b?

I(u, v) = (du® + dv?).

9/15. K$h&@ 2 = f(z,y) HF—. —EEZH X,
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B 2R, AaAEARKETX r(z,y) = (z,v, f(z,y)).
i3

Iy = (1}{}1 fm) Iy = (Uz-]-! fy):
A

E = (rzrg) =1+ fg F = (rg,ry) = fafy, G=(ry,ry) =1+ ff,-
R — R AT X
I(z,y) = (1 + f2)da® + 2fo fydzdy + (1 + f7)dy’.

3]
Iy A ry . {:_fE-y _f'y'! 1}1
i 1
n = (_fm-.-_fyvl)'
J1+ 12+ 13
L3
Fzx = (D!{}v fEE) rE’y . ([J:U! ny)} r’yﬂ = (U:{}v fyy)=
#
L= {rmn:-_- 11} = fED: -
V1t 2+ 12
M = (rgy,n) = J=y :
J1+ £+ 12
N = (ryy,n) = fw :
i+ B+
M, o = A A K
1

(z,y) = (fozdz” + 2 fzydzdy + fy?;df";"g)-

J1+ £+ 12

10. . Fyla4,2) = fTi + ;il + c‘i (a >b>c¢c>0). % A€ (—o0,0)
it, Fa = 1 BT —%MWEK@: A € (¢,b) B, i =1 BT —4%Fetutdh
W; A€ (ba) B, i = 1 &H T —#%et i@, W 5 E3 P4£&—
B P=(zy,2) (zyz #0), BAZHNGETEZ =B EHW =/ kRid@iL P &, A
CAE P EAHEER,

PEW: BE P = (2,y,2)(zyz #0) A#E Sy : B+ 4+ 2 =1k &
£2F N =k 5W X
FOA) = b0=N(c=Nz2+(a— N (c= N2+ (a—A)(b=A)22 = (a— N (b— ) (c—)).
2 ZE f(—o0) <0, f(e) >0, f(b) <0 H f(a) > 0. ¥ f(A) £E ¥ (—oc,c),
(c,b), (b,a) EBIF&H—H, i2H A (1<i<3). T@REEHATHNM S b
@ Sy, £ P RAMEER, BP: £ P RAZX=AHHEGEMEIER.

& Sy, AEREOE n; = (B0, 5 20) N T i#7,

2 2 2
G—0o—0) © G=R=x) & e —n)

(ni,n;) =



25

1 ’IQ :E2 yﬂ yﬂ zﬂ 32

- )‘T'-_)‘j[(ﬂ_t}*-i- N ﬂ—}--g'.)_i_(b—.li. - b—}hj)+(c—li. B c—}kj)]:[].
BF: n; M A IE .

11. & (z,y) R & r(u,v) BF—EE5K Fl:ryAr, S r,Ar, WHEARAE
AR 7

T
s d(u, w]r .
Iy U™ a7 siT e
d(z,y) ’
S Ofu,w) J . L = . o O{u,v) 1
% g > O i, v, Ar, 5 rp, Ar, B9 EAEE; & 3y <O B, r, A1,

5 r; Ary 893548 A

12. 4 F = (ry,r,) =0 895K (u,v) RAY BN EXSHKE. L 2—EhH S
AR ECH—ABHETr=r(u,v), iEW: & S EEE—E Py =r(u,v), &
A Py 8943 D VAR D #9355 (s,t), 121F (s,t) REE S WEXEHKE.

WEBH: T uEnf # — AR A — N4 R

W E S EAANMRLERA XS ES a(u,v), blu,v). MIFEZFE P e S,
HBAEPWARRUCS AU ESFHEK (s,8), EHEIHG LR EEH A
5 a, b FiT.

E: B LALREA TR S LESAANEXNOEHIEA TR I M. EX
WMEHOGREREETE, —/4~ 8 RGREAR LR & E L.

HTHEH a,b ALLEAREALXE, T AKX

a= airy, + asr,
(9)
b= E}lru -+ bgrw

1L d = a1by — asb1 # 0. BIRAGFEEHHE (B FH6) ST T u=u(s,t),v =v(s,t)
£ /F rs//a, ry//b. MABEHH \p EF rs = Aa = Aairy + Aasory, 1 =
BT |J =Apd #0, J RAELTEY. HBARKELAZE HT#AHE T

. . \ " p:bg —j.tbl
A s = s(u,v), t =t(u,v), & Jacobi 4E[EH J-1 = ﬁd (—}-.ﬂg Ay ) . B,

1
ds = — —
ol )\d(bgd’u bldﬂ),

dt = ﬁ(—ugdu—l—aldv}.
MX AN TR, BRFHOEHIRFTLEK (s,t) AESBLRY — Ry
X € = bodu — bidv, n = —agdu + ardv £ AR LFEERS BT, PF: £ (RS E
T)hE f, g AT fE, gn A 2HE.

REER: FTELAEAFHEXR D LEOANSTRHERK f(z,y),9(z,y)
2 (zo,) € D, & (f(z0,0),9(z0,30)) # (0,0), W A& (z0,50) & —A4F
BUCDRU L&STREBH p(x,y) F p — KBS X fdz + gdy &F
7B 5.

A58 g(xo,y0) # 0. WAE (zo,y0) I —AA4REA, g(z,y) # 0. EILARBA, F

BATEE o OFUYFA f(2,y)dz + g(z,y)dy =0, BF: & = Iy e

g(z,y) "

D AKX T ERBIME, FE xo WATIR T Aoy 8948R J 75 IxJCD R
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stFaRe e wERD FRABR—THRE = ¢(2,7), z e I, Bp: 222D _

o

ey d Ly i oy
_J;{{EEI{[T,?]; B o(x0,y) =y. @ T oz, y) KTy TH, éi—‘ﬁi}fh o :ﬂﬁ%@:

{

1. K, B zo 89ABRT CT A FHEE (2,9) €T x J, & 2400 £ 0. ¥

I =7, y=0o(z,7) ERRSHKEE, BERR I x JCIxJ EWRHHK
Mx=uz, y=19P(zy).

B
0¢(z,y) o(z,y) ~_  [flz,é(z,y)) ¢z, y) ~
: oz oy VT gt oy W
A
N 1 1
dy = — (f(z,y)dz+g(z,y)dy) = 57— (f(z,y)dz+g(z,y)dy).
U gz, y) H2p2d)) gz, y)
K p(z,y) = mm,w(m,;nq{ ”) Z f(z,y)dz + g(z, y)dy #£ K3 IxJ Lehirs BT,
gy 9

13. 2@ S:r=r(u,v) L—&, BF8E PX2+2Q \u+ Rp? =0 HE AW
7). R AN T HMEERLEFHA ER—-2FQ +GP = 0.

HEBA: RIEEGHE (A, p1), (A2, u2) FHAE PA2+20QMu + Ru? = 0 89 -F47
AR Ndhd S AP E vy = My + 1Ty 5 vy .= lary, + [ary E R EH
_i‘_

0 = (v1,v2) = MA2E + (Arp + Agp1)F + papaG.

WA 1:oprpe =0 R"ER pp =0, W po 0, RBEA (A, 1) 5 (Mg, po)
AFHF. P =0 Bvi#0 AANZ0, Ad, P=0. B, vilvs &
AMA2E + paF) = 0 & ME + p:gF =06 2 = —5. @# 2Q\ + Ruz = 0,

%ﬂ%z—m ¥ ovilvy & £ = Q@ER 2FQ = 0.
W7 2: pips # 0. & Vieta ZHE, H AL —I—E :_gﬂﬁ:%_ A, vilve

& RE+ (R +2)F+G =04 £E - 2QF+G=U@ER—2FQ+GP:D.

16 Kehdy F(z,y,2) =0 69 % —, —E LM X,
7 iﬁ‘.,ﬁP—(:ry,)ﬁ:ﬂ]rE?S F(z,y,2) = 0 L. & VF(z,y,2) # 0,
5L AE B P, F £0. MEPWH—NMAB U A, F, #0HL S ARAE
ﬁiz—f(:w} W, £ U N, S ASLHKEAEKX r(z,y) = (z,y, f(z,9)). &

T fo=-%, fy= —%, BRI /15 MAEU A, d S eH—EAHX

I(z,y) = (1+ f7)dz* + 2fs fydady + (1 + f7)dy’

F?2 F,F F?
Fg)d:r P S dzdy + (1 +F—-“;)dyﬂ.

=1+
2he

Jaz = 3 1

_FEme ‘I‘ Fszsz ‘I‘ FszFyz T FEF?;Fzz
F;

_FEF’:’JF + 28y I by, — FEFH

fay =

fyy =
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BRI /5, il S AU AME _EEXAH X

1
(z,y) = (fozda® + 2fzydzdy + fyydy?)
\/ 14 24 f2

B sgn(F)
- F3,[F2+ F} + F2
+2(—F2F,, + F,F,F,, + F,F,F,, — F.F,F,,)dzdy
+(—F2Fy, + 2F,F,F,, — F.F,,)dy?).

((~F2F,, + 2F,F,F,, — F2F,,)dz?

17. iEH: AHENET— &, ETANMMEZERN TG EREZ AT
2.

#EB: x| S ’Eﬁ.—t{:’&%"“,‘;‘ ¥ %i&'g}‘ﬁ kl,kg, m 1, U9 %~ P ,ﬁﬁﬁtﬁﬂ
BEAMETEAN NG E. § Euler 26X, A

En(v1) + kn(v2) = k1 cos® @ + ko sin?@ + k1 cnsg(ﬂ' + g) + ko Eiﬂg(ﬂ' + g)

= kq cos® 0 + ko sin? @ + kq cos® @ + ko sin? 6 = ky + ky = 2H(P),
B P RAE I

18. k¥d@ S BHAZ 22+ 92— f(2)=0%%, fHE f(0)=0, f/(0)#0. iE
9. S A% (0,0,0) 493 h F 2 F 4L

EH: 8 f0)=04%, REO€S. it F(z,y,2) = 22 + 9% — f(z). M IR
A F,(0)=—f(0)#0. & O HEMBA, IeHY F=0ABXNE£EA 2 =
glz,y). Am, £ O EHZA, H S AEHEAKX r(z,y) = (2,9, 9(z,y)). I
BiHE, A

2x
Tz = (1’{}'-' ff'm) = (]—'.'U:- ff(z)}v
2
r‘lj —_ (U] ]-'_| g-]';) = ({,}.. ].:. ff{:i)]'

B
r;(0) = (1,0,0), r,(0)=(0,1,0).

Hit, S & O sy-FaEA zy-F@. &

2x 2y

f(z)" f(z)

ry ATy = (— 1),

)
_ sgn(f'(2))  soynn o odl
- e (2, ().
m
R - ()
rzz = (0,0, Fi(2)3 ),
4 "
Pzy = (0,0, - :f:ﬁ{z){:] ),

2f'(2)* — 4y*f"(2)

ryy = (0,0, F1(2)3

).
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2f'(2)% — 4z*f"(2)
f'(2)*/4a® + 4% + f'(2)?
, dzy f"(z)
M = {r,,,n) = —sgn z :
(1) = =sg0((2) e s
2f'(2)* — 4y f"(2)
f1(2)2/4z% + 42 + f'(2)?

L = (rzz,m) = sgn(f'(2))

N = ‘(ryyﬂﬂ} = sgn(f’{z))

M
2 2
L(0) = , M{(0)=0, N(O)=——:.
0)= 757 M(O)=0, N(©O)= 7
tF S A O ENHEEFELEWEE v = (cosf,sinh,0), FihE
kn(v) = L(O) cos® 0 + 2M(O) cosfsinf + N(O)sin? § = f’?ﬂ}’

AT M, BREdeEd TR ﬁ
dE: @ S & rz--F@EAHK (/f(u), f(u))(u>0) & 2-5hae 3547 2] 8 2¢ 4%
Hd., EMER, £ 0 REFHERFRERTH.

19. &L III = (dn,dn) A @eyHE =KX AMH X, iE9H: KI - 2HII + 111 = 0.

JEBH: Fik—:

FZE S HWEREEX A r=r(u,v). (FFIEZENGRFTALHIFGELER 2
BHAHFRBRAX M AFHH @ —ANSHXGEPAIPT.) & Weingarten 7
B MF-LG  LF—-ME

%= Fe-r T EG_F2 ™
NF-MG  MF - NE

W= EG-F T EG-F2 "
A
17— 0L M P M*E
\Blus Ty = EG — F?
M(LG + NE) — (LN + M?)F
(a, M) = EG — F? :
M2*G —-2MNF + N?E
(o, 1y) = EG — F? '
B Bt
2 2 2
ITT{s:0) = b _;gﬂfij o Ed’ug -+ EM(LG i N;é : E;N T )qudv
M?G - 2MNF + Ni'Ed 5
EG — F? i

% KI—2HII+1II = fdu® + 2gdudv + hdv?, M|
PG+ MAE—2LMF
EG — F? -
M(LG+ NE) — (LN + M3F
EG — F?

f=KE—-2HL +

g=KF —2HM +
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M2G 4+ N2E —2MNF
h=KG—-2HN — 0.
{ J G — 2 0

B B,
KI-2HIT+ 111 = 0.
iR e
;ﬁ‘ﬁ W A ddm S 6yin 7% 18] &) Weingarten T 3. 8§ W(ry,) = —ny, W(r,) = —n,,
W(dr) = —dn.
B T Weingarten T 32 3 #R69, 3

III = (W(dr), W(dr)) = (W?(dr), dr).

f Weigarten T W 69451250 X4 12 — 2Ht + K = 0, #k & Cayley-Hamilton
¥ A
W2 - 2HW + KT, = 0,
HEF I, R_pBFTIHR Am,
KI— 2HII + III = (W?(dr), dr) — 2H (W(dr), dr) + K (dr, dr)

= ((W? — 2HW + KT)(dr),dr) = 0.
F: (1) FE—F, TR (o) AEXSHEAK NWIEAEAHEE. e
F=M=0. (5#F35 26,29.) ¥ F

k1= %, ko = i;r
EEI R E O = %{kl + k2), Gauss ¥ & G = k1ky. &) Weingarten 742,
Ny = — K1y, Ny = —kary.
34
I(u,v) = Edu® + Gdv?,

II(u, v) = ki Edu? + kaGdv?,

I(u, v) = k2Edu® + k2Gdv?.
M T

k|

KI— 2HTI + III
= kiko(Edu? + Gdv®) — (k1 + k2)(k1Edu? + kaGdv?) + k2Edu® + k2Gdv? = 0.
(2) RF— = ZEXABIXHENEES AR A, B, C. & Weingarten F 42

(Tm) =4 ().
c=((T2). (- -no)y = B4~ (5 (rar) 47'B)
¥)(F6) (i¥)
(Fe) (e¥) (&)

—iBAT AT B =BT B — (
#

II(u,v) = (du dv) ( 1 A2
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20. X\ S1 A S MK C B EN gk, KR C A d S; eyl E
Ak (i=1,2); FEC,S14 Sy Zm@XkAA 0, iE9H:

K2 sin? @ = k% + k% — 2k1kq cosb.

WERA: HEE Cr(s) AINKASZE, n;(s) AB@ S, SHE C HEHE. &
ZX, B\ S WA C BN EBE k= ki(s) = (t(s),ni(s)). 1

k2 + k2 — 2k1ko cos 0

(£(s),n1(5))* + (£(s),m2(s))* — 2(E(s),n1(s)) (t(s), na(s)) cos (n1, ny)

= {1.:(3),111(3)}112 — {1*:(3),1:12(3)}111|

= [£(s) A (m2(s) Amny(s))[? (10)
5) A

= [6(s) A (t(s)|*sin6
— (s)?In(s) A (6(s)|*sin® 6
= k(s)? sin? 4.

XEFWAFAMET no(s) Any(s) = £tsinf, X fIMAReY 2 LiF 2],

21. KF 7|y @a) Gauss ¥y FAe-F35 i F

(1) oty @ & + % — 5 = 1

(2) * & r(u,v) = ((R+rcosu)cosv,(R+ rcosu)sinv,rsinu)(0 < r < R).
f: (1) — N5 EAKXA

r(u,v) = (asecu msv,bsecusinv,atanu}(—% < U< %, 0 <w<2n).

r, = (asecutanucosv,bsecutanusinv,c sec? u),

r, = (—asecusinv,bsecucosv,0),

A

2 2 2 2

FE = (ry,Ty) = 0° sec” utan® ycos 2 2 sin? 2 gect

fu—l—bgsec utan® usin® v + c” sec” u,

F = (ry,r,) = (b* — a?)sec? utan usin v cos v,

b =, ) = a?sec? usin’® v + b? sec® u cos® v.

r; AT;= [—bc sec® u cos v, —ac sec® u sin v, ab sec? u tan u),

1
I = (—=bccos v, —acsinv, absin u),

v e2(a?sin® v + b2 cos? v) + a2b? sin u

2 2 2 N 2
Ty, = (asecu(sec” u + tan” u) cos v, bsecu(sec” u + tan” u) sin v, 2csec” u tan u),
ryy = (—asecutanusinv, bsecutanucoswv,0),

Ty, = (—asecucosv, —bsecusinv,0),

abcsecu
s B 1
Ve2(a?sin? v + b2 cos? v) + a2b? sin® u
M = (rumﬂ} = 0,

L= M) =
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abe sec u

V2 (a2 sin® v + b2 cos?v) + a?b?sin® u

W= Py ) =

#-F 3l F
LG—-2MF + NE
~ T 2(EG - F?)
abe cos u(a?(sin? u cos? v — cos? usin? v) + b?(sin? u sin? v — cos? u cos? v) + c?)
2(a2b? sin® u cos?u + a2¢? sin? v + b2e2 cos? v)/a2b? sin® u + (a2 sin® v + b2 co? v)

Gauss # &

LN — M?
~ EG-F?
—a?b®c? costu
(a2b? sin? u cos? u + a2¢2 sin? v + b2¢2 cos? v)v/a2b2 sin? u + c2(a?sin v + b2cos2v)
(2) K@ —NEFEA XN
r(u,v) = ((R+rcosu)cosv,(R+rcosu)sinv,rsinu)(0 < r < R).

G

33
ry, = (—rsinucosv, —rsinusin v, r cos u),
r, = (—(R+rcosu)sinv, (R + rcosu) cosv,0),
]
B Ty = 2 F = (Puis Bay=Al, G =Py Ty} =[R+ TEDE’U)E.
by

ry/Ary = (—r(R+rcosu) cosucosv, —r(R+rcosu) cos usin v, —r( R+ cos u) sin u),

n = (— cosucosv,— cosusinv, — sin u),
ryy = (—7 Cosucosv, —r cosusin v, —r sinu),

ryy = (rsinusinv, —rsinu cos v, 0),

Tyy = (— (R + rcosu)cosv, —(R + rcosu)sinv, 0),

A
b= P Y= ?‘2._. M = (ryp,n) =0, N = (ryy,n) = (R + rcosu)cosu.

T o &

LG-2MF+ NELE 1 COS U
- o |
H 2(EG — F?) 2{ N R+ rcosu’
Gauss %
(;_J_r“!"wnﬁr—ﬂx}_r2 B CcOS U

- EG - F? R+ rcosu
M, B~ E i ER

COS U
R+ rcosu

22. K@ z = f(z,y) ®-F¥H i Fh Gauss & F.

M B3R 9/15, FHdE

LG —2MF+ NE _ fos(1+ f)) = 2fafyfoy + fyy(1 + f2)
2(EG — F?) 2(1 + f2+ f2)3

ki=1, ky=

H =

1
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Gauss ¥ F
LN -M? _ fexfy— fay

K = = .
EG—F? (1+ f2+ [2)?

23. K@ r(u,v) = (u,v,u? +0v?) GHE &, i Efeiuiy &
fE: B
.= L0200 Y=l 1530)

u
k)

=
E = (r,,ry,) =1+ 4?, F = (r,,ry) =4uv, G = {(r,r,)=1+ 402,
B r, Aty = (—2u,—20,1), H n= 41+4i2+4u2{_2“= —2v,1). WX
'yu = (U:U':Z)a Tyy = 0, Tyy = (U:{-}:Z):

gl 2

V14 4u? + 492
5

5 4

LN — M* = =1,

1+ 4u? + 492
FiTvA, W@ L BT AR AN &, A Al B A e R

24. K& r(u,v) = (ud, 03, u+v) L6ty &6 Sk

fd: b
ry = (3u%,0,1), r, = (0,3v%,1),
Fpr
1
r, Aty = (=302, —3u?,9u%v?), n= —v?, —u?, 3uv?).
( | | ) Vud + v+ 91141:4( | | )
53]
Fyu = {:6’“70;{-}): Fypv = ﬂ: Fyu = (D,ﬁ'ﬂ,ﬂ');
A 2
Buv
L= (ryy.n} = — :
Fuu, ) Vul + vt + 9udet
M = {rumﬂ} = 0,
6uv
N =P iY== )
(Fuu, 1) vVul + vt + 9utet
s iy _E Ay P i R A AR
36u3v3

LN — M? =

ut + v + utvd =0 uw=06u=0RF v=0.

L ou=0 8, #h EHFHERFTAEN r(0,v) = (0,v3,v), TR y-FR T =
RKEE: y= 7

¥ =08, B ERBFOEHFTAN r(u,0) = (u3,0,u), XA zz--F @ F &y
=& =2

25. K@ r(u,v) = (a(u+v),blu —v),4uv) 49 Gauss B F, FHhehF 1 d
YA ER L)
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fg:
r, = (a,b,4v), r,= (a,—b 4u),

= (T, Pol— o’ 4+ b + 161}2,
Po=A{ryTs) = a® — b% + 16uwv,
G = (r,,r,) = a® + b* + 16u°.
X (e A = 4(a? + b%)(u? + v?) + S(bg a®)uv + a?b?.)

1

r, Ar, = (4b(u + v),da(v — u), —2ab), n = \/—lﬁ(%(u + v), 2a(v — u), —ab),
P =0 =20 Tun=(0,0,4),
A
Li=N'=1, i‘vf:—ﬂ.
VA
M, ¥ o F
LG —-2MF + NE  ab(a® — b* + 16uv)
~ 2(BEG-F%) A ’
Gauss # &
LN — M? 4a*b?
T EG-F2 AT
M, FdF

ab(a® — b® + 16uv + /(a? + b% + 16u?)(a? + b2 + 1602))

A3 '
BINEE A\ry + pry B—NEF ®, Weingarten T3 A AKX K {r,,r,} T THZE
REEFH A, N

ks Hiks/ e — Ko

(A p)(kI — A) =0

B
(iﬂ,b\/{ai-l-bz +lﬂuij}|:u.2 +52+16v2) ab[gz-q-bzq-q-lﬁwz}
A2 AZ =)
k ab(a? -i-bi-i- 16u?) + -:1-5\/{:12-!-52 +1ﬁui}|:a2 +b2+16v2)
AZ AZ
e‘t};
Va2 + b2+ 1602\ + Va2 + b2+ 16u2u = 0.
B .,
(A p) =c(Va?+b2+ 16u2 Fva2 + b2 + 1602 ) ,
EP ceR AFH
S YSATER AL

e=¢f \/ﬂr2 + b2 + 16u?ry, F Va2 + b2 + 16v2r,).

E: O G —RKEK EWEE v=Ar,+pur, E r(u,v) —NEFTH.
WA EH kAT W(V) =kv, B7: —(An, + pn,) = k(Ar, + ur,). ZFEHTF(EFL
An AL r,,r, fEARFE)AA T AL

([ LA+ My = k(EX+ Fp)

11
\ M)A+ Nu = k(FA + Gu) (11)




G4

X A~ T AL F T
LA+ My EX+Fpu|

MA+ Ny Fa+Gu| = ¢

~
(LF = ME)A*> + (LG — NE)Ap+ (MG — NF)u? =0

—
u? —Ap A2
E F G|=0.
L M N

W EREHAT: WHE v=Ary,+ pr, Z& r(u,v) §—PMEF 9 H BLRH
=X A2
E F G|=0.
L M N

5t A9 £ 5T Ll R-(11) F 2
i LA+ Mp  MXA+ Ny
EX+Fu FAX+Gp'
¥R FTHELRE A REMBITFE
it — AU )%
a’+ b% + 16v% a2 — b + 16uv a® + b2 + 16u? | = 0.

dab
0 — 0

—
(a? 4+ b2 + 16u?)p? — (a2 + b2 + 16vH)A2 =0
—

(A p)=c(Va®+b2+16u2 Va2 + b2+ 1602) .
PSSR e R S

ab(a? — b% + 16uv F /(a? + % + 16u?) (o + b2 + 1602))
” .

A

b |2

26. X P RigdE S E#y— 5. E9H: ¥ P RAKEN, S T HE k., k
£ PHEMATRI ¥ P AKEN, THERE P HILMELS R
HERA: B, FHE

k=H++vVH2-K
REZW. ZFIHEPAFLALSERY HX(P)- K(P)=0.
L P A AN, THERAEN S RLTH, RIELELENDRRA KRR B AN

Funy

L P RIMEN, & H, K BN, fof P SERiE, 36ERLFQ,

27. KB EH S :r=r(u,v) LEXARH S, n £ S WERE; B H S:F =
r(u,v) + An(u,v) (FF X £ A S &-Firéhd.

(1) LS @ S A= S 5t 3 &6 -F & -FiT;

(2) TAKRIR § 69 # 425 0, £4F S 4 Gauss W EF-FH B EHHH
K 5 H-)K

K:1—2AH+A2K’ 1—-2)\H + 2K
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WER: (D)REEANSEH S LEEEPRALAYE S Liyst g & P s
1R, BP: TpS = T5S. # Weigareten #4247, Ty, = ry+Any, ¥y = ry+An, € TpS.
A 2 AR =8y, 3 TpS = T58.

(2) F&—: B

®(l) 4, 9@ S HFEEFHE n=+n.

(a): i = n. & 5,5 # Weingarten K # A LR @& T &) £ 4% 5 H)

A
w(5) = (5) = () =4(5) = 2w ()
I‘,u n'U n-;u r-]'_,r T
B -
5 1 a—AK b
A=A(Is—AA) 1 = .
=2 1—ZAH+A2K( ¢ d—Aﬁ:)
A it
- M e IF X
e _§id = |
9 M T 1 o0H + XK’
N - K
K = detA = |
% 1— 2)H + \2K

s il a—IK b
A =l T XA = .
Ur=ad) 1—2AH+A2K( c d—m)
%
I B AR
H =20 == .
2! 1— 2)\H + 2K’
N - K
K = detA = .
. 1 — 90H + \?2K
&2 VPR, B3 EE n=n FHFE
7Tk =

(a): n =n. wFHF—, KF

A= MIr—XAL

BE S B EME by ko R4 A G4HIE(E B ® S HEHEL B4EHE AW
45 4EAE:

~ 55 ,
b . F=1.9
1 — Ak; !
ﬁ 1
1~ - Lk 4 ko) — M1k 2
H:_(kl‘l—kﬂ)zg(l 2) — = 2
9 (1 — Mey)(1— Mep) 1 —2)\H + 2K
- 1k K
K —ifihe e

A=Dk)[0=2k) 1=0H+ 2K
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(b): il = —n. LB,
A el By AN s
= k
frareee o e 100
' 1—Ak;° : ?
M,
e e k1 + k2) — Mk H - MK
T PR O (k. . o
2 (1 — Me1)(1 — Mk2) 1 — 2\H + \2K
T K1k K
K = kiky = L

(1—-ki)(l—Akz) 1—2AH + X2K°
v kPR, $42k 9% = n BPAH L.

H: ZFTAEREE S A E RAHERIN A, NGERK \ 12308 S

AR AR, )
r, 'y
() - ()

bo @ S ARL LA L4EMR [, — A\A T# L ALY
det(l, —AA)=1—-2HA+ XK #£0
LAY Moy =MNH+VH2Z—K)#1 B Aky = NH - VH2 —K) # 1.

MBS ZARMEFHT KERAHOOFHTAEAZTHRHERA 0. AHA
AL, BTTUREAS; VTR N EFCRAT k—ll e % Z . Adm, 1 —2HX+

MN2K 40, BF: @ S AL
28. g S LAy —F X C HRAHEL, X C £2F e EaHLdd S
EZeW—ANEFE. W & C:r(t) =r(u(t),v(t) RHEXRY B LHE
% ¢, 2l 5 drd) g5
HWEB: B C:r(t) =r(u(t),v(t)) EHEZRS LAY
—1n'(t) = —(n, ()’ () + n, ()0 (1)) = W(r'(t)) = kr'(t),
HEMEER. REAFMT r'(t)//n'(t).
29. K r=r(uv) R—ANAF OB BHLHET. E9: H S 95K
Zu=REP v =RUARBGERNARFHARX F=M=0.
HERA: X @ S AR B KRG EL N
—Ny = W(I‘u) — hlru,
—ny = W(ry) = kary,

EP TR L Ak THF(ERARAHBANE). NAMESEITFTOLARE
HAy, BP:

= (P ) =10
NS
M = —(ry,n,) = ko(ry,ry) = ko F' = 0.
Eiik " F=M=0 &r, L 1, B 1, L n,, #F ry,,ry,n, £&,
n, = —kor, STE M ko e R. A,

w(rw) = —n, = kaTy,.



a7

Bl:r, RE7 1. Bl &, r, U E7m. Bk, hdH S 695 KA R &,
d: FEE EREEAT: HETHE S WEAREAKN r=1r(u,v), iR
EAMEERNEFTOLEANE F=M=0. &b}, THE k=%, k= 3.

30. Kéhdy F(z,y,2z) =0 &) F &P iH L n 7 4L
M XWE C:r(t) = (x(t),y(t),z(t) A& S: F(r,y,z) =0 E. A
F(2(t), y(t), 2(£)) = 0.
3¢
Fu(z(t), y(t), 2(1) 2" (t) + Fy(z(t), y(t), 2(1)y () + Fa(z(t), y(t), 2(t))2'(t) = 0,
Bp -
Fpdx + Fydy + F,dz = 0.

My

]

e 1
\/F2+F2+ F?
W C ARFEEXITANRNEEH C, FAEEXENKHA kT
—dn = W(dr) = kdr

1

(Fa, Fy, F).

—
dr//dn
—
gar ). do =1
A
dr = (dz,dy,dz),
ith A
Fodz + Fudy + Fo.dz = 0.
m
1
dn = + T Ry ((F2 + F? — F,(Fy + F,))(Fyzdz + Fp,dy + Fy,dz),
(Fmg T Fzﬂ — Fy(Fp + F,))(Foydx + Fyydy + Fy.dz),
(Fmg + FE, — F (Fy + Fy))(Fr.dx + F, dy + F,.dz)).
1
¢ = (Fyg e Fzg — Fr{Fy -+ F2) ) Fred2 + Frydy + Frodz),
P = {Fmg E F,ag — Fy(F; + F,))(Foydz + Fyydy + Fy.dz),
) = (F2+ F} — Fy(F; + Fy))(Frodz + Fypdy + F,.d2)).
|
dr A dn =0
—
i j k
dx dy dz| =0
¢ ¢ P
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[ dy — dzp =0

dry — dz¢p =0 (12}
h dxyp — dyd = 0.
s d S _Eayiy B85 LMy AN

Fodxz + Fydy + F,dz =0
dyyy — dzp =0
drip —dzd =0
dxy — dy¢ = 0.

E: BB S EAKETAN r=r(u,v). B3 25 B, i 5 Loy
Zr(t) =r(u(t),v(t) THEXY BLH

w(t)? W) V()
E(u(t),v(t)) F(u(t),v(t)) G(u(t),v(t)) =0
L(u(t),v(t)) M(u(t),v(t)) N(u(t),v(t))

e T
E(u(t),v(t)) F(u(t),v(t)) G(u(t),v(t))|=0
L(u(t),v(t)) M(u(t),v(t)) N(u(t),v(t))

dv? —dudv du?
B F G | =0.
L M N

LA HE S Ll ERFH MG HTAE. BRI R, L5l & & iR L&,

3. Byl S LW — P amAHFHELT S, mRETEEEHEN 0; S Loy
— &K C ARAFHREK, wREVWFN DT EARAHFE G B, EHEEH S :r =
r(u,v) 5B ERHAKLHEIXE L=N=0.

HEB: B @E S :r=r(u,v) SR XLHELE S LY

L N
W(TH)ZEZO H W(rw):E:U

e

(13)

t
t t

L HA L
L=N=0.
dE: MEX, M E Ar, + ur, 2#E T E Y LY
LN +2MMp+ Np? = 0.
Mo, Bt o) KR ey TAER
Ldu® + 2M dudv + Ndv? = 0.

Bk, M p TGRSR AEILE.
EE r(uv), ABRNERBEALLGHFHR TS Y LY
LN — M <0,

BP: & r(u,v) AR &, & JA 12 @0, ARy S, FEHEHEF.
IR, @ e— oM A AL E EFA, N &L H 3l &
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32. EHH: FWEe-FaidE s, WizhdLEg.
HERA: HiE—
BHE S r=r(uv) §-FRIE S P EEZEQEA pg. M

r(u,v) — pg = A(u,v)r, + p(u, v)r,,
HEF Au,v), p(u,v) LA HEK. A,
Ty = Aalu+ ATyy + PouTy + fryy, Ty = ApTy + Ay + PoyTy + ATy

FALAXE n AR, &
AL + uM =0,

AM + pN = 0.

MLN — M%) =0,

p(LN — M?) = 0.
8 F Au,v),p(u,v) RE—EZRHH 0, % LN — M? = 0. A&, Gauss ¥
£ K =LN-M _

" S ey P A&, NECH—ADARRA, S LA & J& 12, &t
ETANEFZOEE, LR DHRBRA, S AEXSY HILH (u,v). (T2
AHBMEAIXHER) Ml K =0, o ARBRAHF LR Z Y & (EE 2,
RBE—ANFEERER () AP RS RBERABREEZARHEX. RIEEHF
® r(u,v) — py, EHF

LN +2MAp+ Np2 o
kﬂ(r(ﬂ':“)_pﬂ)_ EAE—I—ZF)\'H-—FG;'_LE =

B, A EHLRGFTEHLIR —2 & Py. IJA= 9 (1), €ilLA—XK
HE.

MAEZXS EE P RFEE NERFE ELHE P W—/A4RR, S L& 52 F
W S ARARBRARTFEE -, F P IREAZFARR, A P &ML,
B bgdhit £ %% —bdh 8% e 2 i Ay ALK

bk E S EHEEFRABG LN —FERELEMAIRT RIT R S,
PP: S R4 W\.

7k = (R LTIEH)

Zd S WA FRIESE P R EEFEE PALP,. &5 P 51T
&P EAERO-FaA I mthd S 5-F@ 0 GMAXEHEAN C. 5T C LEE
—5 Q, B& PQ £F& II v. my Bk, S 9 Fadfd Py, & Q B,
M C RAEAER PQ #9—Ml. ZMTIA5 L QAFRI PHE C A
BEAGPER, AR P)Q RBHAR C AR Q MIn&k. §3M=9 (1), & C
LR HEE. B, S it g S KMR, £RED.

33. iE: EAAATEHEHSARNLELEAAKR, hawFBLE.

HERA: R ALE S SN r(u,v) = a(u) + vb(u).

SEAFR A Fait & 3 FT4EE u, B v1 # v, n(u,v1)//n(u, vo)
—

0.

ry(u, v1) A ry(u, v1)//ru(u, v2) A ry(u, va2)
~

0 = (ry(u, v1)Ary(u, v1))A(ry (1, v2) A, (u, v9)) = ((2’+v1 ") Ab)A((a+v9b') ADb)



4()

= (a' + v1b/, (a’ + v2b") Ab)b — (b, (a’ + v2b) A b)(a’ + v1b’)
= (a’,vab" ADb) + (1 b,a’ Ab) = (v1 — v2)(a’, b, b")
o
(a’,b,b') =0
S WE S ETEBE(ER 6.1).

34. K@ r(u,v) = (3u+ 3uv® — v®,v® — 3v — 3uv, 3(u? —v?)) W-FHHE
Fo Gauss Me4Fa912 &
& &5

Ty— (3 — 3v? — 3152, —6uv, 6u), r, = (6uv, T 31;2, —6v)

]
4

)
E=G=91+u*+v??% F=0.
3
re ATy = (18u(l + u? + v?2), 18v(1 + u? + v2),9(uw? + v2 — 1)1 + v + v?)),
] 1
- 2 2
= o _I_T}ﬁ(ﬁ’u,ﬁw,u + v° —1).
L
Tyu = (—6u, —6v,6), ryy, = (6v,—6u,0), ry = (6u,6v,—6),
#
L = {ruu-.'ﬂ:) =—6, M= {ru*u-.'ﬂ} =0, N = {l‘m,._.ﬂ} = b.
B st
LG -2MF + NE LN — M? 4
i —0 @@= e :
2(EG — F?) EG — F? O(1 + u? + v2)4

Gauss Be 4t g: S — S? 9B E S Tk r(u,v) : E2 5 S 5 g 945 RWBRE,
BP A B n(u,v) : B2 — S? 8%, miX ER P53 MEF LFS U X%
% g2 {(0,0,1)}.

35. WEM: Hdw 2 = f(z) + g(y) B9R Dty d, FIE-F @, k48 £ —AF HOH,
"€ VT VAG R
1 CoS ay
z2=—log :
a cOoSs ax

sy @ AR Scherk .
WER: X FA 2= f(x)+g(y) EXT—MR)8dE S. &, €ASHEIEN

r(u,v) = (u,v, f(u) + g(v)).

HEGH, A
r, = (1,0, f'(u)), r=(0,1,4'(v)).
"
E=1+f(u)’, F={f(u)g(v), G=1+g(v).
3
Ty ATy = {_ff(u): _QI(”): 1):
For

1
V1 f(u)? + g'(v)?

1n

(—f(w), —4'(v), 1)
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Tyy = (U 0, f”{u)) Ty = 0, Tyy = (U:ﬂn gﬂ{”)):

%
f”{u) ”{:TJ)
o , M =0, N= -
VIt (w2 +gw? VIt () +g @)
B Ty iy & RN AY,
g LG-2MF+NE _ f"w(1+¢(®)%)+¢" @)1+ W) _
2(BEG — F?) 21+ f'(u) + ¢'(v)2)3) |
XFHT
F'(w)(1+ ¢ (v)?) + ¢"(v)(1 + f/(u)?) =
B, FOT

) ")

L+ fi(u)? 14+4'(w)?*
HTERFAALRXTAREEN L, KEMARAR—Fa, A a. F S
ARFE, MNLEH a#0. FM, & ffu) =0=4¢"W), A flu) = ku+ m,
gv)=lv+n, ZF. A, S;E'_—FIEI

A

d(arctan f'(u)) = d(au), d(arctang (v)) = d(—av).
3¢
arctan f'(u) = au + b, arctang'(v) = —av — ¢,
HEF bec AT Am,
i) = —% logcos(au +b) +d, g(v)= = log cos(av + ¢) + e,

a
b de BHFEHR BTA,

cos(ay + c)
cos(ax + b)

1
z:f(:s)—ky(y):alng +d+ e.

36. 1EAR: E3RE® r(u,v) = (ucosv,usinv, bv) M)l &; JFEH: AEM

A iy iy AR 2 E E SR AR |
ERA: A H A

r, = (cosv,sinv,0), ry,=(—ucosv,usinv,b), n= \/uglw(bsinw,bcnsw,u).
#

E=1 F=0, G=u®+0b°
b3

rys =0, ry, =(—sinwv,cosv,0), r,, = (—ucosv,—usinv,0),
34 ;
L=, Ivf——m, N=1.

K, 3 %

H:LG—ZMF+NE _

2(EG — F?)

BP: E 3Rz & AL &
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BHDALE®E S HERETH r(u,v) = a(u) + ve(u). R
r,=4a +vc, ry,=c¢, ry,Ar,=a Ac+vc'Ac.
#
E=(a,a)+v@d, )+, ¢}, F=a'Ac+vc'Ac, G=c,c).

B (u,v) REXSE, B: F =0, TUEEX |c(u)| = 1; KB, 24 H
E#u=uv=0v+ [,@),c(t)dt, TrA#& (a'(u),c (]}—O JI:E:H’.]‘ B =
Hii=1. A= |r, AT

53

ir It r
Piii= B +PC 3 Tui=0Cs Tp=1k

L= %[(a”, a’,c)+v((a,c,c)+(a",c,c))+v?(c",d,c)], M = i{a’,c, ¢ ), N=0.
i S AR < H=0&
0=A(LG —2MF + NE) = (a",a,c) + v((a’,c,c") + (a",c, c)) + v*(c",c, c).

e . I
(al:al¢) =

(@,c,c") + (a", ¢y ) = (14)
§ (c”,c’,¢e) = 0.

BHA-(14) PE=X, % clu) £XNFdLE HEHEMBIE, clu) R—FEEK a0
ZUEZE c(u) TEEAFTEE), % c(u) £—NE2H.

Falu) AFHE, N S AF&H. ALAEEK a(u) FAFEE, Bf: 2 —FWH
. TR u RH & a(u) B9IRK 53, I Frenet /8% A {a(u);t(u),n(u),b(u)},
HBERH k(u), BEAH 7(u). BX-(14) PF—X, A

O=al e c) =gt c)=—&b, ey

F k=0 0 a(u) RAK. @ c(u) £—F2H. T AL

a(u) = (0,0, bu).

i

IR t L c(u), #

c(u) = (cosu,sinu,0).
M, il S &5 EAR XA
r(u,v) = a(u) + ve(u) = (v cosu, vsinu, bu).

Bp: Bhip S AHEREH.
F Kk AEAH O, REZIE k#0835, U (b,c) =0. mHMEIL, (t,c) = 0.
M e==dn M, Tlix c=n. §X-(14) PEFE_X, A

0=(a,c,d )+ (@",c,c) = (t,n,i) + (t,1,n) =

Zr=0 M au HFEHE fc=n AR(L)EHF, & S AF@.
ET1£0, N X-(14) FE=X, A

O={& ¢ &) =(nn0) =k

Bk, 6 =0, BF: k A3 3 a(u) REAERREE. T AEK
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a(u) = ( i cos(V k2 + 72u), i 5 sin(v/ k2 + 72u), 4 u)

K2 + 72 k247 e
]
c(u) = n(u) = (— cos(v K2 + 72u), — sin(V k2 + 72u), 0).
#H

r(u,v) = a(u) + vc(u) = ((L — v) cos(V k2 + T2u),

HE_I_TE

( > e v) sin(V K2 + 72u), B u).

P s
’Tﬁ'ﬁ‘ﬁﬁi‘ﬁ H: vV R + 7 'H-:H:Eg%g—'ﬂ, mdﬁ‘ﬁgﬁ{]i{“ﬁﬁﬂiiﬁyg
- - — e £
r(u,v) = (ucosv,usinv, mﬁ}

HhE § R ERE.
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