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21BN (Vector-valued Functions)
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11.1 mZEEHEE (Vector-valued Functions)

A E(E B

EE 11.1.1. (1) #BE—MEEE r: D — R} H D B R EWES, Hl r BEGSMHEIK
(vector valued function),

(2) AREFRETUES v(t) = (F(£), (1), h(t)) = F()i+ g(t)j + h(t)k, Eid f, g, h BS ¢

42 &3 (component function),
fl 11.1.2. r(t) = (3, In(3 — 1), V1), REEHE,
[F1) 58 fiE B B M R B e 1

EE 11.1.3. (1) @ r(t) = (f(t),9(t),h(t)) B—AEERE. & Ve > 0, 30 > 0 ifF 0 <
[t —al <d=|r(t) —v| <e BB r(t) 7 t — o RRERIEE v, 50H lim r(t) = Vo

(2) & lim r(t) =r(a), BH a € Domr, AIfE r(t) 7 t = a 24, & r EEEB LE—E
EiE, AIREReEYREERE.

EE 11.1.4. (1) & r(t) = (f(t), 9(t), h(t)), BEEDEREBRELE, H
lim (1) = (Jim /(). i g(1). L h(1)) <
(2) v(t) = (f(t),g(t),h(t)) £ t = a HEITELRGR f(t),9(1), h(t) 7 t = a ¥THEE,

127
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E 11 E AEEKRE 11.2 EE)

Bl 11.1.5. r(t) = (1 + %, te”", 2L 3K limr ().

t—0

Bl 11.1.6. r(t) = (cost,sint, |t]) FERB T EE,
RESEEE G

B 11.1.7. (1) EERRERH r(t) = (F(0), g(t), h(t))e 55 [, h 76 t — a HHE, Bl v 78
t=aBE# H

dr . r(a+ At) —r(a)

FO == AT A

(2) FHr(t)Et=a BHE BB () £t =a T, & r EEHRE _LNE—BgRH, HIBE
BT R,

ME 11.1.8. & u(t), v(t) BAMWARERE, f(t) BEERE, c BE#AE, A

(1) 4c =0,

(2) gleu(t)] =cu'(t)

(3) Glfu®)] = ftu) + fHu' ().

(4) Gl £v(®)] =u'(t) V(1)

(5) gGlu) v =w(t)-v(t) +u(t) v'(t)o

(6) gGlu(t) x v(t)] = w(t) x v(t) +u(t) x v'(t)

(7) Gla(f@)] =a'(f(®) - f'(®)o

(8) & r BRIMEVARIEXNE, BERE |r| REH, Al r-r' =0,

Bl 11.1.9. FIAME=EEEH =T FHE
5l 11.1.10. A r(t) = (sint, cost,/3) HEERHEE.,

Bl 11111, %5 u SRR, B 4 (u- % x 4¥)

11.2 i%ib(l\/lotion)

EE 11.2.1. HF—EYEEEMPGE-BEEH, HEREREE r(t), t BERH,
1) Hi& i (velocity) B v (t) =1’ (t).

% (speed) B o(t) = |v (£)] = L.

acceleration) £ a (t) = v/ (t) =" (t).

X BRI ¢ BERE S @,

(5) HEEHECERE, BITRE, MBEERERETE (smooth),
Bl 11.2.2. r(t) = (3, ) EREELANE—BETIE,

o~ o~ o~
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# 11 E AEEERH 11.3 28z

Bl 11.2.3. K r(t) = (¢, 12, ¢3) 7 (1,1,1) KRB EIEE,
Bl 11.2.4. K r(t) = (3coswt, 4 coswt, bsinwt) TERFHE ¢ FEE, EZREN HE,
Bl 11.2.5. —BELIERE v = 5 WE y = 2° MAEBE, REXE (1,1) WEEENEE,

Bl 11.2.6. (#41%% The projectile problem) —¥J881E t = 0 AL ro, UHE v ST, A
M SEETHUER,

Bl 11.2.7. A —W8LUE RASEENRY TR BT R ERYHE B SR A A

11.3 28#l#R (Curves and parametrizations)

EE 11.3.1. fEREERE r(t) = (f(t),9(t), h(t)), A {(z,y,2) = (f(£),9(t), h(t)),t €
Domr} B —% Mt (space curve) C, Hef ¢ #85 C K43 (parameter), Bt AREHERBE
BifR C H5#Ab (parametric equations).

B 11.3.2. #3 r(t) = (1 +¢,5+ 2t, —1 + 6t) ZEF-

Bl 11.3.3. r(t) = (¢, ¢, t*) ZEFHEE twisted cubic,

Bl 11.3.4. r(t) = (cost,sint, t) ZEFBEBEIER (helix),
Bl 11.3.5. BABLT =GR A —ihix:

(a) ri(t) = (sint,cost), te[-%, 5],

(b) ro(t) = (t — 1,2t — %), t€0,2],
(c) r3(t) = (tvV2 —t2,1 —t%), te[-1,1].
Bl 11.3.6. K#EHE P(1,3,-2),Q(2,—1,3) 2 EHEBHHER.

Bl 11.3.7. —EfRE v =20 —4 8 2 = 32 + 1 RE, DLt = y BHERKE (2,0,7) 7
(3,2,10) HIER RS BUL .

Bl 11.3.8. x +y =1 8 2 = 22 + ¢ HEREMDER, U t = 2 HEESEL. Ut =y
t =z BBYREIT?

B 11.3.9. ¥ =+ 2y + 42 = 4 B 22 + 4y = 4 FHETHGESEL .
B 11.3.10. ¥ 22 +y + 2 =2 B oy + 2 = 1 HETEHZESHL .

11.4 5% (Arc Length)

T 11.4.1. (1) —EFBEG C : r(t) = (2(t), y(t), 2(t)), t € [a,b], BE ¢ 1% o B b B, &
PR K, AR

/ds—/\/d:z: + (dz)?
:/a\/d—f (@) +(§)dt
= [ o
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B 11 E MEERH 11.5 BEfYmEHEBEMERE

(2) &' (t ) ﬁé?‘é‘ HE t 1 a 2 b, C 16— R, EN—EEEP (1), AIEER ¢, HARE
BER s( ft |v(7)|dTs s(t) HBFEIRKZE (arc length function) .

(3) #E—B I, LME—PRIERFR C ERI—3E Q, 1% s(Q) = 1, 1 s BR C HIRKSH (arc

length parameter)s,
B 11.4.2. K r(t) = (cost,sint, t) E# (1,0,0) F (1,0, 27) Zill&K.
51 11.4.3. 45 r(t) = (acost,asint, bt)o KH (a,0,0) Fl (a,0,270) BilEK, HEX (a,0,0) H
HEECNMRR2E, HElR2 8L,
115  HEfuymEHEfEME (Unit Tangent and Unit Normal)

Yl &

B 11.5.1. (1) MEFREEY r(t), % r'(a) # 0, HBBEBEHE P = r(a) HaE,
gl P BHE (o) TANESETEE .

(2) $4cir@rE (unit tangent vector) £ T(t) = S,

(3) —B r(t) EWE /(1) SEE, B |r'(1)] £0,Vt € I, BEE T EBTE (smooth).
(4) —HREEERBHEREETE, MBRAFH WL (smooth curve),

(5) —HhikE A RET S FEREE &, RIEREETE (piecewise smooth),

Bl 11.5.2. r (t) = (Vt,2 —t), R v/ (t), LHEH r (1) K ' (1),

Bl 11.5.3. H#RZ2HRAB © = 2cost,y = sint, z = ¢, KEH (0,1, %) ZTHRH2ER,

Bl 11.5.4. v(t) = (1 + 13, te~t, sin 2t),

(a) FEAFEHHK
(b) KA t = 0 BRI,
ESE

EE 11.5.5. (1) Hr(t )%:F(“%E’J SfiIphAR, E&H P4 L5 ®F (principal unit normal vector)
BN () = ol = i, R0,

(2) N k T FrAEBRFHEMES osculating plane,
Bl 11.5.6. 4 r(t) = (cos2t,sin2t) , kK T K& N,
Bl 11.5.7. KiEfERR v (t) = (cost,sint, t) ZEAERAE,
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11 B [AEEERHK 11.6 Hiz

11.6 iz (Curvature)

EE 11.6.1. & T 2FFiE C WEMATRE | Al C eI (curvature) B k = |Cﬁl—r'sr o
EE 11.6.2. (1) & r(t) B—FEMR , Bl £ = %\d—TI

(2) BEFEHRE y = f (2), 8l 5 (2) = L0,
[1+f’($)2]7

— Hi — _ |-y .
3) % r = (el (0) A wlx) = L

(4) RS (1) = (2(0), y(0), 2(0), B w (1) = ED0,
Bl 11.6.3. 4 r(t) BFWHR, AIE £ £ 0 (98, N = 140 — 4T /4T

K ds

EHE 11.6.4. § A0 B T(s + As) 8 T(s) 2R A, A
Af

li
k(s) = lim s

As—0

5 11.6.5. —EMRPIHZELS 0,
Bl 11.6.6. —ELERE o ZEOHER L,

il 11.6.7. 4 a > 0, BHHR r = (acos(2),asin(2)) BEIMRRBSE, Kz, #zELg, 4
[l B HE R &

Bl 11.6.8. r(t) = (acost,asint,bt),a,b > 0,a> +b> # 0, Kz xk KEMEEAE N,
Bl 11.6.9. K r (t) = (t,t3,13) ZHEREE, KEIERER R
HHESE]

EE 11.6.10. & r(t) B—F5ME , P BEE L2 38 < £ 0, HIfE P Bry@RE (circle
of curvature or osculating circle) £ osculating plane FRIE | /& TFIEAF

(i) 4 P BhEigEY) |
(ii) Bt P BEHRKEE | BPRE p= 1,
(iii) (ZHEEERIMME] (concave side, Bl N FigIA ).
EEPRBBHGE P BieE¥E (radius of curvature), TE p(= L), HLBSwE Y ©

(center of curvature) .
[32] Osculating circle & C £ P BhifEsrHIE,
5l 11.6.11. K y = 2® WK BRIERBRE (1,1), (2,4) #9 osculating circle .
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