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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 (%443 #ag#&R).

1. R r A—EAQE XA r(t) = f(H)i+g(t)j R

jmx() = [Imf0)] 1+ [imow] 5 #a

EF fAg et —a BER-
2. R r ZA—EAEREEF v(t) = fFO)i+9@)j+h(t) k- B

limr(t) = [lim /(1)) i+ [limg(t)] j+ lmh()] k2w

t—a |:t—>a

EF foghh £t —a AER-

Definition 12.3 (m £ J 2 H M) —EBEH F HHK r £ LA-FdHg
(continuous at a point)> & r(t) £t — a FEREGLEL t =q oG£ 2

limr(t) =r(a)

t—a

T AEEX—EM I Lo HF —BHEHERMMHESD TR HE r LAEMLEES

(continuous on an interval) -

12.2 @ EEH GRS Fota s

Definition 12.4 (@XM 5 ). GZERE ¢ 692 H (derivative) T & A

, . r(t+At) —r(t
r<t>=£f£o( A?t &

WA E—18 ¢ BIRARB L o R Y/(t) B> Blr £t BETHR wREAAFAY ¢ AHE
M k> o/(t) #fE > Blr 2 AEM [ ETH o &S EHEE M T AL 8B AR 69IR 4]
PRI B PE R o

Theorem 12.1 (#1848 & # A9 ).
1 =R r(t)=ft)i+g@t)j NF f g &% ¢t THEGRE > B
r'(t) = f'(t)i+g'(t)]
2. wRr(t)=ft)i+gt)j+h(t)k> XF f, g o h %2 ¢ THagH > 8

r'(t) =f()i+g )i+ n )k




CHAPTER 12. wZfi&#k

Theorem 12.2 (F#MWH). v frou 2 ¢ 9THRIH > 4 w & ¢t O THROTHERIE
HocREE -

1. Dyex(t)] = cr'(¢)

Dy [r(t) £u(t)] = r'(t) £ u'(¢)

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

Dy [e(t) -u(t)] =r(t) - (t) +1'(¢) - u(t)

Dy [r(t) x u(t)] = r(t) x w(t) +1'(t) x u(t)

S N N

12.2.1 &K

Definition 12.5 (&2 XK G4 ).

1 4R () = f(H)i+g(t)j> £F [ g £EM [a,b] LAPRE > B r 8§ TS
(indefinite integral) (R % &%) %

frose=|f roufi+{foa].

fefiE M o <t <b L& 2445 (definite integral) &

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

2 %R r(t) = f(O)i+gt)j+h(t) k> £F f, g A h EEM [o,b] LS - Al r 8
A (R %) &

/r(t)dt— [/f(t)dt} i+ [/g(t)dt] i [/h(t)dt} k2w

el o <t <b L&) Tiiny £

/abr(t)dt: [/abf(t)dt} it Uabg(t)dt] i {/abh(t)dt} 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 (&89 5%). % C Z—EF @4 > 2l r(t) T REPER [a,b] £ o %
#a<t<b>iRkHK (arc length function) =T

— [ @l du= [ VEWEF WE+ FWE du

Kk&kE s HE RKLE (arc length parameter) o (=8 °)

Figure 12.1: A& & #K

Theorem 12.6 (R&895%). 3k C A—E-F @b > 2
r(s)=z(s)i+y(s)j & r(s)==xz(s)i+y(s)j+2(s)k
A+ s HEREKSEEK (arc length parameter) > B
I'(s)]| = 1
Hst % ¢ RAEERAG FUBEE AT (0] = 1 Al ¢ kAR L o

12.5.3 w#

Definition 12.9 (#%). 32 C 2—EAF@esi (EF@REMT) & r(s) £+ s FRESE
o Bl WFE (curvature) K £ s T &5

Theorem 12.7 (&892 X). 3% C 2—EF@tsr (EFaxEMt) &) Bl C 8
wE K £t 4T
_ @I lI'() x " @)l

HOITIOTR

Theorem 12.8 (& ALARFaI!E). R C R RTHOIBEHE y= f(x) Bl F
K E% (v,y) LT
d
K=— 191
7 (777

Theorem 12.9 (hui & ~ REAF). S REAFHE GG C RI2EQF r(l) > Bk &
42T
d?s ds
=— T+ K N
at) =g T+ (dt )

AF C g FEE K Fo ds/dt ZRE o

12.5.4 J&H



12.5. WREBINE (HAFH)

Table 12.1: R E 69484 ~ Joik FFINE

50 2tk (ET@RAEMT) & 16 hind sk
r(t) =z(t)i+y(t)] 9 o)
r(t) =z(t)i+y(t)j+z2(t)k Bh 48 fr e b
R AGEREE ~ Joik B AR
v(t) = r’(t) #EGE
Iv(t)] = S = [l'(¢)] R
a(t) = ”( ) =ar T(t )+aN N(t) ik 6%
Az 2 f\’%‘—ﬂﬁué’:ﬁ 2
Ron
T(t) = g N0 = o
HiR ) F -
ar=a-T= va‘ﬁ (cith
vXa s 2
oy =a N = = y/|al* — of = K ()
e BN
J— ‘ Nl DS J— "
K = mrmpn C ke y=f(z)
K = i /ppr O &8 @ =alt), y=y(t
R e RN
K =|T'(s)|| = |[*"(s)] s ARELH -
IOl _ I @xa” @) O gn g o
K="Twg1 = Twor t E—R S
K a(t) N(t)

) 2

U i\u"\ F2%F ol & o
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INDEX

acceleration Awi &, B
tangential and normal components of 47
LN T
tangential and normal components of 7
Akttt ¥, |
vector ®) &, ,é
antiderivative & #
of a vector-valued function % 4% %, a
arc length I8 &, B
of a space curve 7% M ah4f, @
parameter ¥,

centripetal component of acceleration %)« /m
RESE,
component functions 492 &K, m
component of acceleration Amik & 5%
centripetal &
normal %4, U,
tangential $7%%, U,
continuity i 4
of a vector-valued function & 214 & %, E
continuous i 4%
at a point f£—%, E
on an interval f&£—E M, E
curvature &
formulas for 2%, B, B
in rectangular coordinates & # 4 4%, B, a
related to acceleration and speed i% % 32
hait % 89 M5,
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 &% %, E

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 s, b,

smooth Fi#
curve ##g,
space curve % i i 4%
arc length of 8%, @
speed &% B
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 & E
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, B

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, E, B



INDEX

iR R ik B 69 B 1% _related to accelera-
tion and speed,
W4 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, f,
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,

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