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12.1 wE=AHE

12.1.1 #Hegie AR

Definition 12.1 (fZE&&K). BA T 7B X8 REK

r(t) = f(t)i+g(t)j (F@)

r(t) = f(O)i+g(®)j+h(Ok (£H)

A — e R (vector-valued function)> £ F 5 FHE (component functions)
B f,gh h BZ t OF A2 QBEIAHHEFRFA () = (), 9(t)) R () =
(f(8); 9(t), h(8)) ©




12.2. @K FoARY

12.1.2 #&MR sz 4k

Definition 12.2 (%2 44.%#g4ER ).
1. R r A— MA@ T HEARAT r(t) = f(£)i+g(t)j A

jmr() = [l (@] i+ [lmata] 3 $

AF fAgEt—a AER-

2. WwRr £A—EEEIREF c(t) = f(O)i+g@t)j+h(t) k> A
limr(t) = |lim f(¢ )} i+ Bgng(t)] j+ [hm h(t )} k 7 4

t—a |:t—>a t—a

EF fogFh £t — a AIER -

Definition 12.3 (% = 45 By R E N, — R E R r & AE-REH
(continuous at a point)> & r(t) £t —a FERALL t =q FLEE > B

limr(t) = r(a)

t—a

T EEX-—EBEM [ L8 E-—BHREHERMNHES ET R H r AEMHERY

(continuous on an interval)

12.2 &EEX[ERyFeta sy

Definition 12.4 (& E/EXKGM5). GEERE ¢ 69 TH (derivative) T & A

, . r(t+At) —r(t
<o) = im, MR

HA {8t ERAFAL o R T(t) B BT it BETH - wREAFAM ¢ LHE
M T b o) #BE Blr & EEN [ ETH o 6B 4% 8e) #ar =T vl ik 8 AR 65 1R )
WREEIMEH o

8 R-RESF ie
r(t) = f(t)i+g(t)j+ h(t)k
ERER [ E&5EAHERATR > 5ATRIFHS R L
1. &5 &% f(t)~gt)~h(t) £ 1 E—FETH > BLTH

'@, g, W

o

£ 1 bigd;

2. g tel 9 ELHTLRFEER  RB

(f'(®), g'(t), B'(1)) # (0,0,0).




CHAPTER 12. wZfi&#k

Theorem 12.1 (&) Z A& EGMS).
1 =R r(t)=ft)i+g@)]

2. R x(t)=f(t)i+g()j+h(t)k

r'(t)

R A R
r'(t)

t TR B B
=f(®)i+g ()]

AT f, g b ER TR

= f')i+ g t)j+h(t)k

A

Theorem 12.2 (£&&HH). &

rAeou St ETTRRE O A w & L AT ARG

HocREE o
1. Dyler(t)] = cx'(t)
Dy [r(t) £ u(t)]

r(t) £ /(%)

Dy fw(t) r(t)] = w(t)r'(¢) + w'(t) r(t)

r(t) - w/(t) + (1) - u(t)
Dy [e(t) x u(t)] = £(t) x w'(t) + r'(t) x u(t)
Dy [r (w(?))] =1 (w(t)) w'(?)

B r(t) x(t) =c> Bl r(t) 1'(t) = 0o

Dy [r(t) - u(t)]

NS v L

12.2.1 & ZARHEEGIAH

Definition 12.5 (@) E4H#K 9485 ).

1. R r(t) = ft)i+g@t)j £F f A g £EBM [q,b] LAESE > 2] ¢
(indefinite integral) (R % &%) %

frose=|f roufi+{foa].

fFERE o <t<b Lty 24a5 (definite integral) £

[rou=[[roa]s[[ sou];

8y FEAAS

2. R x(t) = f(O)i+g(t)j+h(t) k> F¥ f, g4 h £EHM [a,b] LAREE - A r &y £
RS (RES%) 2
Q/ﬂﬂ&_[/jQwﬁi+{/g@d4j+{/Mﬂ&}k 1

I~ H

iR o <t<b Lty iy &

uLbrt dt = lef@)d4 i+—L£bg@)d4 j+»leh@)d4 K




124. e EAEEE (HAEH)

12.4 i@ Efk@® (MAEH)

12.4.1 i@ EAEEE

Definition 12.6 (77®&). & C £ T H 4 (smooth curve) R&k r £FRER [ Lo
Blin@Z (unit tangent vector) T(t) #9E &4=T

[ s8R a9t (tangent line to a curve) LR 8 — (A% i FITA Rl @ £ o

Definition 12.7 (£ 845 & ). X C £ FFwE > KAk r £BM [ Lo %R T'(t) #0>
8 Bk ®E (principal unit normal vector) £ t T &5

0
N = )]

12.4.2 gyt @ etk £

Theorem 12.3 (Wwiz K@ ¥). Wk r(t) LMz @E > B C 2 Figwspte N(t) f42 > Biw
A GE a(t) ek TF@E > BF&A T(t) 4 N(t) o

Theorem 12.4 (Mgt aefik@ ). R r(t) Ziaiagz > B C 2 FH &R (Hh
N(t) H4) > Blmit by e Ak BT

vV-a
ar = Dif|[vl] =a-T = 71—
vl
lv < a 2
an = |lv]| T =a-N=—=——=/[a||" — az
vl
B & oy > 0o R H kB ¥ A MMEE AokiRiEyE

(centripetal comz)onent of acceleration) o

12.5 IWKREIINE (HAE)

12.5.1 Kk

Theorem 12.5 (E M é&agINk). 3 C Z—@F @z > A r(t) =) i+y(t)j+2(0) k>
AZBEM [a,b] > B C #93k (arc length) £EM LA

b b
5 =/ VIZ @R + [y (OF + [/ (0] dt =/ [ (£)]| dt




CHAPTER 12. wZfi&#k

12.5.2 Rk 4#k

Definition 12.8 (A& &4 %). 3 C £— @ F@wtsy > B r(t) TXREMEM [a,0] £ o %
#a<t<b>ikhk&HK (arc length function) +=T

s(t) = / ()] du = / VEWET F@PE+ F@Edu

KR RE s BB INRSH (arc length parameter) - (=8 o)

t
= J\/ [x'()]? + [y )]* + [2"(w)]? du

Z

t=a e

Figure 12.1: A&k & #K

Theorem 12.6 (Rki94%). 3k C Z—@-Fadwms > 2
r(s)=z(s)i+y(s)j & r(s)==xz(s)i+y(s)j+2(s)k

EF s #BBIINESLE (arc length parameter) > B

()l =1

Hot o & ¢ RAEEHAOBEZEE £ A |00 =1 8l ¢ LAAREN SR

12.5.3 @&

Definition 12.9 (&%), % C 2—@TF@wE (ET@XEMT) & r(s) £+ s ZRhEkSE
o Bl WF (curvature) K £ s T &5

dT
F( — = — T/

Theorem 12.7 (@R 9AX). 32 C T—EFEBLE (EF@XEMF) &) 2 C &
R K fEt T
_ Tl _ [)'@) x (@)

OO




12.5. WEBINE (FRFE)

Theorem 12.8 (A AL F!E). R C EZRTHROIHBEAHE y= f(x) Bl F
K £ (z,y) LT
_
[1+ (y)2]*/2

Theorem 12.9 (it E ~ R Ffrwh £, WwRHEAFHGE C ZEEGE v(t) > Mwik@ £
42T
d?s ds
=—T+ K N
alt) = 32 (dt )
Kb C sy K Ao ds/dt RiE o

12.5.4 &N

Table 12.1: % F 09484 ~ hoif F AN

EC AR (ETGAENT) G TABEEAR

r(t) =z(t)i+y(t)] 4 e T &
r(t) = (t)1+y( )i+z(t)k 4 L B
RFBE S HoiR E AN .

v(t) =1'(1) REEE
v()|| = § = ') R

a(t) =r"(t) = ar T(t) + an N(?) Jik K&

Bliie & ﬁ"—%‘g'ﬁ./iﬁ 2l

_ ()
T(t) = g # N() = gy

ﬁgziéﬁ/\a
va _ d2s
=a-T=qG=4
_ _ lvxall _ 2 o ds\2
ay =a-N="7m = /lla|” —af = K (3)
T RN
K= [1+g‘y')|2}3/2 C e y=f(x)
E%@awﬁﬁﬁéﬁ:
= |T'(s)|| = [[*"(s)] s AINK S o
_ IOl _ I @)xx” @l 9 g s
K_ IOl = @) t AR
__ a(t)-N(t)
Iv(t)]®

Eai X Rl RS e R o
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parameter ¥,
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RESE,
component functions 492 &K, m
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continuity i 4
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at a point f£—%, E
on an interval f&£—E M, E
curvature &
formulas for 2%, B, B
in rectangular coordinates & 2 4%, B
related to acceleration and speed i% % 32
hait % 89 1%,
curve w4
smooth F7#, @
tangent line to 74%, @

X N\

definite integral(s) &%
of a vector-valued function v &1 & ¥, B
definite integral &%,
derivative(s) £
of a vector-valued function %) 214 & ¥, E
properties of
differentiable function =T #:%#
vector-value & £14,

differentiation %%
of a vector-valued function &% %, a

function(s) ##
arc length &, %I
component 4-&,
vector-valued ¥ 214, EI

indefinite integral FE /4%, a

of a vector-valued function ©&14 %,
integration A4~

of a vector-valued function )% 4% #, a

limit(s) M
of a vector-valued function &4 %, E

normal component %%
of acceleration #eig &, W,

normal vector(s) & &
principal unit * ¥4z, B

parameter 5%
arc length 98 & B
principal unit normal vector £ #4%% % &, @,

properties MH
of the derivative of a vector-valued func-
tion 4% B3,

rectangular coordinates & # 4 1%
curvature in &

smooth Fi#
curve ##g,
space curve % i i 4%
arc length of 8%, @
speed &%
summary 444
of velocity, acceleration, and curvature i
B ik

tangent line(s) 4%
to a curve #4g,



INDEX

tangential component of acceleration Awi& &
&,
tangential component ¥14-%
of acceleration #eik &

unit tangent vector #4z 1@ &, @, E

vector(s) ®&
acceleration Awig %, @, E
principal unit normal * $4z7%, B
unit tangent #£A4z47, @, B
velocity &,
vector-valued function(s) & =18 % #
antiderivative of & ¥ #, E
continuity of &4, g
continuous at a point f&—FsiR 4, E
continuous on an interval f£— & M Ei&
éj;“”
definite integral of T A%, a
derivative of & #,
properties of & B
differentiation of &%, E
indefinite integral of ~E &%, B
integration of 4",
limit of %%,
vector-valued function )& & #, m
velocity vector i% & @&,

FE A% indefinite integral, B
®) E48% 8 of a vector-valued function,
F ¥ {24 % ¥ principal unit normal vector, U,

¥ function(s)
4% component, El
€18 vector-valued,
JA& arc length,
4% %% component functions, m
Y19 % tangential component
Jmik B of acceleration,
W14 tangent line(s)
W4 to a curve,
Jmik & acceleration,
Y18 Fo ik 42 4 ¥ tangential and normal
components of,
Y18 An ik B ¥ ¥ tangential and normal
components of,
%€ vector, {,
Heik & 4% component of acceleration
Y74 tangential,
%) & centripetal

%% normal, @, E

Jmik B #9414 € tangential component of ac-
celeration, g
%3 parameter
Jh& arc length, B
R % # antiderivative
B E48% 3 of a vector-valued function, B
T #% % ¥ differentiable function
¥ 14 vector-value,
) Sk E - F centripetal component of ac-
celeration,
%1% vector(s)
F $437% principal unit normal, B
Jmik B acceleration,
#4547 unit tangent, U,
i & velocity,
¥ 5% # vector-valued function(s
R E A% indefinite integral of, g
K% # antiderivative of,
fA£—E M Ei# 4 continuous on an inter-
val, E
f—%i# 4 continuous at a_point,
Z A4 definite integral of,
L derivative of,
MWH properties of,
4 differentiation of,
A& limit of, P
A% integration of,
i % continuity of,
® 2 /¥ vector-valued function,éﬂ
¥ {iv1% ¥ unit tangent vector, Y,
Z A4 definite integral, B
A4 definite integral(s)
) & 18 % # of a vector-valued function, a
L3 derivative(s)
B E48% # of a vector-valued function, E
MWH properties of,
% smooth
w4 curve,
7h+& arc length,
% # parameter,
7= M4 of a space curve, @
t% % differentiation
) & 18 % # of a vector-valued function, a

MH properties
%) 2 A % #89 § 3 of the derivative of a
vector-valued function,
% curvature,
»2, formulas for, H, B
B A 442 in rectangular coordinates, B



INDEX

iR R ik B 69 B 1% _related to accelera-
tion and speed,
W& curve
Y18t tangent line to, @
F7& smooth,
&R limit(s)
% E 443 3 of a vector-valued function, E
’%4%¥ normal component
Jig & of acceleration, W,
%% normal vector(s)
* #43 principal unit,

B A 2AE rectangular coordinates
W& curvature in,
A4 integration
% E 445 3 of a vector-valued function, E
%= Kl s 8 space curve
jR& arc length of, @
4.4 summary
#RE S mikE s W& of velocity, accelera-
tion, and curvature,

ik E %€ velocity vector, B
&% speed,
4 continuity
B E 4% # of a vector-valued function, E
i# 4 continuous
#£—F H on an interval, E
f£—E at a point,
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