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Third Edition
| ,g, :

: ',‘.:‘h‘ : '“‘, ’ oy R

Chapter 14
Vector-V@
Functio

g 814.1 Vector-Valued Functims Lesson 5
S < > Colcuis of Veckor-Voled Funclions - Lessing
: 8 543 Mot ;"STN& Lesson [

T 1 L
’P BRIGGS » COCHRAN -+ GILLETT - SCHULZ §|4’5 Cmm MA NOﬂﬂ VQC (N

@ pearson  Copyright © 2019, 2015, 2011 Pearson Education, Inc. All Rights Reserved  Side- 1


iPad

iPad

iPad

iPad

iPad

iPad

iPad

iPad

iPad

iPad

iPad

iPad

iPad

iPad

iPad

iPad

iPad

iPad

iPad

iPad

iPad

iPad

iPad

iPad

iPad


Section 14.1 Vector-Valued
Functions
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Curves T Spu ~Fib)= €40, §10, 2086)> fir €[, b]

Figure 14.1
Cun/es %P‘MQ

One point on

the curve

corresponds to |

a single vector
r=<(x,vy,2).

'The entire curve is
represented by the
vector-valued function

r(@) = (@), y(©), 2(1)). |
(x(2), y(1), 2(1))

r(t) = (x(1), y(1), z(1))

‘A point (x(), y(2), z(t)) on the curve is the
_head of the vector (1) = (x(1), y(1), z(1)).

4

q
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Figure 14.2 r=<2* 2’ A+t ﬁwb
Curve =ity gty 26, €20 ~F R
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Octentaion of Carves [\/ /9/ =q st
Figure14.3 (a & b) ( | h;a;‘;‘”’:

7’(1%\ <0\C6’>’f‘ aﬁm’t>

[;angamm «t<zr

positive onen}tﬂatlon

Tangent vectors in
either of two directions

-

ﬁ).

Unparameterized curve Parameteri{zed curve
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Example 2 (a Sfimﬂ) GT&FL\"I:M curve C’ESC/IIJQQQ b the pﬂaﬂ]ﬁm
r(—(—\ <4CBS‘1‘ Sm‘t —'> wlnere(a) N ES1Y (b)-to<t <

Flgure 14. :(1 (a % b) -
TN LAQ}I

One loop of the spiral
r(f) =4costi+sintj+ Lk,
z A

2
forO0=t=2mw

T tojection of ppiral on
:f{ 2 4 Xy-plane is arf ellipse.

K‘T}:a -
N\ X
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Figure 14.4 (c)

Eight loops of the spiral
r(f) =4costi+sintj+
for —c<t<®

t
L, Z
2ar

The spiral lies on the A
elliptical cylinder
2

= +y =1,
167
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f:’XMp[e (rol/er coasler auve\ p e curve

Tre)= <Cﬂs{- sw‘t 45r\1-t> {mr 0<{<2Tr‘
|

Figure 14.5 (‘a)&t 2 x%» |

rlo\=<¢t 0 0>
T(S /7 Roller coaster curve h
(_\ <0) |}07 r(f) =costi+ sintj+ 0.4 sin 2t Kk,
for0=r<2
\/(‘“) <._\) .y 02 = r . - X \a
~ [ 3N \ Y b =0 IWB;V
I\:.(O,._} N / 2_\/)2_

Projection on xy-plane
. . ), )
1s the circle x= + y= = 1.
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Figure 14.5 (b) ¢

- ) 63@

Y= <tast tat > Hor astsh
ZA
oc+ Qrmt) (ﬂwt)g -
Xy : . QA;‘ v‘\‘t\
2 -<§Htt\ .t by
- ~£ = < ’c—fto —

%'V*a = '/' y

’t 0 ( O O o> i Another look

£= il > ﬁ I r(f) = {(cos t, sin t, 0 s1n 2\t) 2;218(:;0(1:1;26

;2. < / ’_2—/ l> )\2 Ny s

2 -2
Rt +Sm t=( X
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Examp,€5 (4) Fvdide Ui vt = Dom <as b swTt, e = <l 0 Q_l>
/

-L-»z +t-2
(b) EV“J“_\E Qi H‘f) (uia (Wt st e{> =<DNE M‘E/g>

Fiqure 14.7 *°°_ B2 —w'= ,
J (c)trtu)‘wﬁ' \STS 1< TH’ Cm‘tnums? ="DN!

\{- t§ 001& @\Ie,!('-l]u)t"e{r(l) = (cos 7rt, sin m@ Q‘M rtt\ - r({;\
D

L m»

fort>0

L e

\
x Curve approaches the Y
. o) ) .
circlex* + y* = lin

the xy-plane as 1 > . |
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Section 14.2 Calculus of Vector-
Valued Functions

o derivative Hf\:q“(«e\ g, hityy for £l b
r(teat) - rtt)

&t >0 L"—'"Aﬂ -t

{—fAt\ A t) * %>

) )
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L“ﬂ: <’§ S tH va

Figure 14.8 (a)

d PQ Ar = r(t + A1) — r(1)

’\Q\, -
r(7) AN

N — 9
r(t) = (f(1), g(0), h(1)) r(t + Q

X (a)
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%%ﬂd‘ﬁmwve dﬁ)

Figure 1'4.8 (b) TQLT\ e )+ *’:\r"(t,)
g‘:‘ﬁ(x —gwoy N —

Vs

A N Y
{As At=0, =5 > v (),
At

X
which is a tangent vector at P./
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Definition Derivative and Tangent
Vector

Let r(r)=f(®)i+g@)j+h()k, where f, g, and h are

differentiable functions on (a, b). Then r has a derivative (or
is differentiable) on (a, b) and

r'()=i+g'@) j+h k.
Provided r'(t)=0, r'(¢) is a@ent v@at the point

corresponding to  r(?).
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EX&"‘PE ‘ COW\YI\ZAUwa:Lwes
(&\ N‘U— <J( B‘t t/ﬁ) (b) H‘t\ e L+wﬁ:d+1wsstk

£7
Figure 14.9 ret)=<a<t/ 6*@ at> r=-e o+t g

4

In this case,
L r0)=0
produces a cusp
1 [at(0,0,0).
e
X
r(r) = (7, 3%, <) y
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Definition Unit Tangent Vector

Let r(¢)= f(t)i+g(t)j+h(t)k, be asmooth parameterized

curve, for a <t < b. The unit tangent vector for a partlcular

value of tis ] _
o E Fel Fud T(*t
), )= <4( 4t 40t b
- 4 d
Y *<Zt/ 4‘/ ?> N 3
]r) tz+4z'+4',_ )
U)B Y‘(‘[’B <ID 560_5{_ 3wt 7 f%br o<t<oT N t
v o ~3sm~t 50&@ :T%i (t4+4t1+ 4
\r\ 7 (suereass) . 2 < 5
(5 ;% )= <o -t mﬂ}\ l/ﬂ €+ Z\
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Figure 14.10

2
—

Unit tangent vectors

change direction along
the curve, but always 1
have length 1.

r(t) = (>, 41, 4 In 1),
forr >0
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Theorem 14.1 Derivative Rules

Let u and v be differentiable vector-valued functions and let f be a differentiable scalar-
valued function, all at a point t. Let ¢ be a constant vector. The following rules apply.

1 %(c) @ Constant Rule

e [H3)T8758

2. i(u(t) +v(@)=u'(t) +V'(¢)
dt — —~
§-_9 %( f(Ou@) = f'(Hu@)+ f(Ou'(t) Product Rule K
J ) — —_—
4 S(a(/@)=u (/) Chain Rule w
5 s %(u(t) V(1)) =u'(t) - v(t) +u(t) - V() Dot Product Rule
6. S %(u(t) . V(t)) =u'(?) va(t) +u(t)x v'(2) Cross Product Rule
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Section 14.3 Motion in Space

W

— - / -
QtE)=Vv @)= r(t)
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Figure 14.11

z) Position and
velocity at

Position and
velocity at
= tl
Trajectory/r(r)

\\ v(73)
r(r3)

Position and
velocity at
= I3
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CDiﬂTqu % visualize the &cce\emchov\ ver_h r

Figure 14.12
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Definition Position, Velocity, Speed,
Acceleration

Let the position of an object moving in three-dimensional

space be given by r(¢) =(x(¢), y(t),z(¢)), for t>0.

The velocity of the object is

V() =r'(t) = (x'(1),y'(1),2(t))-

>

The speed of the object is the scalar function

V(1) = X0 + V' (1) +2'(2)*.

-_—\.

The acceleration of the objectis a(¢) =Vv'(¢) =r"(¢).

@Pearson Copyright © 2019, 2015, 2011 Pearson Education, Inc. All Rights Reserved Slide - 28


iPad


Example | Consr der the two Jvmensmle mrtion

dwen by thae \>Dsr\1W\ Vec'lW rtt\- Gwt 3t o

(a\SLeHr\-bl«ﬁfa ecty O'S' t _
(b) Flwl‘d&velm% anads?eu] ﬁu ~ { e >omt ‘-— E&f‘\‘gé\é:)t o t;
Figure 14.13 e )

et ) =3 it ot

() Tond-th cclertion of e
() Skekch te petion, velocly, o
qectleraion veore & |

0T d
t 0/2)“')‘“‘ > .

T-tt\-vft\

v7)

3 F“ 3,\‘5%%1—0551- 2

TV ) =3 Bt ~sits
= - 5<w>‘t wt>

< - rtt)

>e3 (-§V\~-':j |

= 7 \—cﬁ;tsﬁt fS\;fossTB

=y<wst sut

v(1r)

A
S

0

T‘(b\:b(l/0>
N 0
\](0\:3< g | >

" Circular motion: At all times a(r) = —r(f)
_and v(7) is orthogonal to r(7) and a(r).
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Queckions () Fd theferval [a, b over wichtha' R trgectay “isthy sane asthe T e Aop, over [o, 4

(b) Find the veocly and speed. P X CtY= € W =4"= « +
0 j%&\ %3‘“ t-4 @_ﬁ\‘ );’m = }]((«t\)
14.14 Ze=xt- =2 %)

B =) = <L ﬂ‘:> <tee

— O(«t<
’-A _ 13
r(f)—(t,t—4,—]t—8> l | R(f) = 4 41() —g
[a \9& \P@ ] =@, 12. 1 = R<<;>T<4 12. ;> )

Same point on the
curve is reached at

\different times.

N
- N

|-
—

@/J’ r2) = (2,0, —6) b)'/ R(V?2) = (2,0, —6)

r(0) =0, —4,-8) T R(0) =0, —4,-8) T
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Figure 14.15
#41 Gren QY= @t 17,

(o\ {0,207 VM'«)’O’O)A
\:m& V) M& ). |V(T)|-
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V) yaﬁ\df+ il
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> V(‘L’\ (- C&‘t'\‘\ swﬁ?- >
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r(7) trajectory
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Flgure 14.16 — (- e = A < SLJS w1 >

~N

ﬁ?Atcost A SILIL> Q tb\ s A <_ (D}‘t/ —S\M f)

a(r) = —r(1)
r() - v =20

_at all times ) - - A < (NS ‘(_J %\4\4 t)

- —Ttﬂ

A ~
r(t) ”' —
‘ =0
\A

v(?)

<

—A

A(7)
>
/A |
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Theorem 14.2 Motion with Constant
Magnitude of r

Let r describe a path on which ( : zis constan’g (motion on a circle or sphere

centered at the origin). Then r-v =0, which means the position vector

#

and the velocity Vector@re grthogonal at\all tlmerr which the functions are
defined. M ~ — | _ i N
\\Ven Y’ —
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Figure 14.17

y

On a trajectory on which |r| is constant,
v is orthogonal to r at all points.
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Exanple 3 An objezt moves on a-l'ruOIezto described b r&% Gast 5sint 4 ast> tefo2r]

deﬁm—bes a cuve 'H\ait ’ on a sr‘lere
of radin | centered at -tk orggion?
2

(@) Show that the oéd‘ed’moves on asFl\ere an ‘f"ﬂﬁp'bl'? radul-61—th Srheyg. 2 2
(b) le:d\e Vdadéj and S‘?EQCI O‘f the o%ec't W i(f,ys T + 24’ sut -(-]é@’t
Figure 14.18 - 2,
(CX r&\:(fwﬂ“ fsTn"Z'SS\sz;ti =Z( C&t‘\‘gw T)
. chowthe curve does not Ui on a sphere. R
» How coudd ¢ be madified sothak ut 4 =2 £

r(t) = (3cost,5sint, 4 cost),

:I:forOSrS27T g:r

A 2 C

] =S

o
I

forO=r=2mw

_ re) ‘«‘?\ L% o] = 5,
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Figure 14.19

u(f) = r(1)/|r(r)|, where
r(f) =(5cost, 5sint, 5 sin 2¢)
O=t=27w

ZA

Y

la(n)| = 1,
for0=t=2m

(Tennis ball curve)
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OTNO lemQI\Smﬂaﬂ YY\OGhO‘V\ —w\ &ﬁra ef—a-ﬁm“ﬂ
Nm;—‘ms seconcg Dau) TY\Q ‘,_ <0 -mq >

Figure 14. 20:>a <o, 4 >/—§}tt\=§'& FIVIRY

eﬁ.
Gravitational force =0 - +V (0
Y A F = (0, —mg) < / 8-t> \ 3

=m<o, -4 >

it = <Uo —8‘t +Vo>
Trajectory
T\t = S vebdt + W’\
= LU T+,
~ gl_‘g‘tlsrvo‘f: {-g >
O X P——
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Summary Two-Dimensional Motion in a
Gravitational Field

Consider an object moving in a plane with a horizontal x-axis and a vertical y-axis,

subject only to the force of gravity. Given the initial velocity v(0) = <u0,v0>

and the initial position  r(0)=(x,,,), the velocity of the object, for t = 0, is

055978 = v =(x @), v @) = (ur a1+ )

and the position is

@ r(t)= <x(t), y(t)> = <u0t + X, %gt2 +Vt+ Y, )
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Example 4 A basebal| 1s hit ‘%mn 3({1& above home P’ae With an mitiale Ye‘@c%j ‘S’f/s

(b) <, V,y=<80,80. Neglezt™ all forces ﬂj\er‘ﬂtcu\ ravly
(o FTM\‘U\.(FES Hm and Ve‘oéé ﬂjzaﬂ betweon the hme d: " hr{ and tho tive: ddz & hy Jrvduz

la |
Figure 14. 21(5)5‘\0w'w¢’|m 4& -tlnbaN s as mdto]e b0
c Howfg does tha ball ﬁweﬂ fwrczon‘hk“ ‘ d{’ 1sthe maxwr\um o-f‘W bail ¢

(e) Do@ﬁib&“ cjecu'alﬂ (flf(gmcd ’t‘ﬂdfng 3&0 T rom home P[&‘Z? (Q n=S0t

=<0, > 0\= Parabolic trajectory of baseball - _
G’NQJ’\ Y(O\ < ? V( 93897 Time of flight 5.04 s % Ly +80t{—;
(8) T )= <81V, ->_3T *@Tl;fof‘f Range 403 ft =>4
N Max. height 103 ft 30 o
—>o-—I6T+80T+ ‘ ’@az_w’ﬁx -
=-1g(T=sT)¥> &
74105 s0-
_—_—|6ng— =)+
= R I [k
-&ZT SCRANT!
(=
V() =
0 100 200 300 400 500 X
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QM;L Time U‘Q \:‘/fkt Maximum HQA ‘\‘t x( -

sune mArw Yl b Tns 7 m
Wﬁt‘ﬁf( ikw\ Mﬁk ‘r‘_ v ep ] abweﬂ(knr zon“'ts-t mﬂ\ &n ‘L\A [ezcl ﬁo\

Figure 14 22 F e= % [1)]
» Time o H“L :W%QT

4m=0l e
l Wo\ S 2 X trajectory Movtimum Height

>

197 i T+ ) ) =&t [i[shx= 0
‘: T _ ZF’(‘;SE ol v, |v0| - Wo \SWO(: ]E

a 1 A 2 T
N [v,| cos a ( \VolCSSV(/ rb \S\MO(>
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Figure 14.23

v A Trajectories for various «
Maximum range occurs for o = 45°.

J
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Summary Two-Dimensional Motion

Assume an object traveling over horizontal ground, acted on only by the
gravitational force, has an initial position <x0,yo> = (0,0> and initial velocity
(uy, vy)=( Vv, |cosa,| v, |sina) . The trajectory, which is a segment of a

parabola, has the following properties.

2|v,|sina

g

time of flight =T

| v, |’ sin2a
range =

maximum height =y(2
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motion w graitidinal pidd - T VmIsrin A= Vo

—

Figure 14.24

— B <O
ﬁ(’b\—- X 37 o
v 0y =< \VD\CSW(/ hﬂ\s«la{)
7"(0):. (’Xo)\é07 o
> 3 = (0, 0, —mg)
= vie) =AWt +ve) |

y (North)

-5 B ~
) :S V (tW\

x (East)
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@t—"ﬁ 6 A sndl pjectile 1 reco. 1 the eas‘t'ovwhonzon'faldrwcl with an el sbeed o—j— v I-Boo M/s
od_'w\aﬁ‘e K= 50‘)320@1}&,\0&1”1"7\1 ACF%S\OMJ lesﬁvmsowbk’tz noft’\ ch!m.u ranOLCe]er 10N o‘g-

*dhpro&uhed)% 1 the north . Tty = <o, 0.3 _? §> Y
gure 14 25 (a) V)= <|v\oo> R

a ene dp ec ‘((D _ <
\( HWXWJO%\i@NI’%mmds (M]}\S‘f? | 0,0 0>
rley=

Crosswind

vo =((150V3, 0, 150)

Without correction, projectile
lands at approx. (7953, 169, 0).

x (East)
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(b) Ln wder To~ earrezt ‘&ormcrosswini ard make the
—tht Qauch S'A‘E} ot ulhtit'w\(ﬁ‘e fmm due oast muct

ectile ,Qﬂ.nd due esst
j:t(ﬂle dzvrecl 2 4—
-

— —é&(‘t\: <0/ 0'36)—?'8?

- 1 ~> Ko
FJgure 14.25 (b) S <Rt oo, F,o\wb Sig
zd] — <u U
E | F0)=<90,0> Vol s >
' T
WACU) rosswind @ — 7
(a -
ree=
’X \
y (North)
Correction angle //
0 =1.215°
With correction, g=eicctile =
[lands at approx. 0, O).% Yb-)
x (East)
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Section 14.4 Length of Curves

ez <a) Y 2@)> telqb |
e a0 o ey LR

\ A

o
¢

X
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Definition Arc Length for Vector
Functions

Consider the parameterized curve r(t)=(f(1),g(1),h(r)), where /', g', and /'

are continuous, and the curve is traversed once for a <t < b. The arc length of

the curve between  (f(a),g(a),h(a)) and (f(b),g(b),h(d))is

L=[ 1@ +g 0} +K@yd=[r@)]ar.
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Figure 14.26

~ Ellipse
YA () = {a cost,bsint),
b O==r=2mnw
>
—a a X
—b
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Table 14.1

Planet Se.mimajor Se.miminor a=bla Orbit length
axis, a (AU)  axis, b (AU) (AU)

‘Mercury 0.387 0.397 0.979 2.407

‘Venus 0.723 0.723 1.000 4.543

Earth 1.000 0.999 0.999 6.280

Mars 1.524 1.517 0.995 9.554

Jupiter 5.203 5.179 0.995 32.616

Saturn 9.539 9.524 0.998 59.888

Uranus 19.182 19.161 0.999 120.458

Neptune  30.058 30.057 1.000 188.857

@ Pearson
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(&-\3>+ a+b\

Figure 14 27 HUrabth

T r_<
Eﬁ%f_\ﬁ_z An eaa‘ensesa‘tam‘f'a-f-wv vertical. 2(1 ‘(’)‘b

#—'I4~ r <c1ss't+$mf amt-sit >
—sut +o>t, -Swt-at >

&‘t/mm on a he‘ cai Pa’ﬁ\ GNQ!\ \Oa -\ "2.(& -\‘!9 g J Sm-t "‘@b_t) (SWT“‘@)’('\J(
Wﬂ towst 15'05m1' ot > c
w‘\ue_ ros mea»ured w<ezt and 1 mmJ\Z 1000
\-‘Uw’%ou( cl()es tjf travel w 10 Min ¢ = P I <®1_ + S "(“> ('lt
&t -C

:QID mz(Smt+Cb})+lU° d@\ :,&;- (CJ '-C>

e () 2
:/Ufml

Helix \

X r(t) = (250 cos t, 250 sin ¢, 1001)
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. fMMK"ﬁzaiTon :‘Z the w:dfche C : /Xl—\—alzt

Figure 14.28 (a & b)

r = {cos 1, sint),

YA O0=t=2m

Arc length s = 1.

3

f=s=§

-~
I

=

I

@ Pearson

I
i
)w R

—

SIE!

VA

r = (cos 21, sin 21),
=D

Arc length s = 21.

T T
— 3872
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Theorem 14.3 Arc Length as a Function
of a Parameter

Let _L_{‘(t) describe a smooth curve, for t = a. The arc length is given by
d bt -
pr Y ‘%(U\Au - et CI - 1-
T o) C s@) = [ |v@)|du, 507 | VO
= § (b)) bt - ‘?(ﬂ (’f\\-a’tﬂ
ds

where |v|=|r'|. Equivalently, z:|V(t)| If |v(r)|=1, foralltza,then
t

—

\/(a\\. 0

the parameter t corresponds to arc length.

Example 3 (arc Ifnéﬂ_i paramettization) (b) Use arc le,.ﬁ-th 1) {)a_rn)le’b‘rz? e same carve.
- ﬁ - T =L
- oetast Aty RE)= rlt) = r(zxzs\
(@) sH)= S’t \?Lﬂ\&t §=)_,1th s ¢
: = — 2m= =
g et Vo CoR 2R T
tma =it TTaE
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(t)-—Ze R R(S\
Flgure 14. 29“2“\\

arc length = s
T(s) T(s + As) — T(s)

arge curvature %(5 + As) — T(s)
mall curvature

T(s + As) T(s + As)
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Definition Curvature

Let r describe a smooth parameterized curve. If s denotes
arc length and

T="
r
. . . dT
IS the unit tangent vector, the curvature is «(s) = —
S
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Theorem 14.4 Curvature Formula

Let r(¢) describe a smooth parameterized curve, where tis any parameter. If

v=r' s the velocity and T is the unit tangent vector, then the curvature |s
. 14 r(’c)—<w>'t su.'l2 ) m+‘a =

7— —ztswt )_tc&'t> —~/

TP r S T
L K(t) _ _ | ,(t) | . T"lt:t®1; >\?T'\ + y
dt F'(7)] [\ = K=" =t

- v
COMP”\’Q T aMl K

12 Y.('l—\ <ZCD§1— LSMT? 2 2 -/ L ~
Lk =y T cat st

- | _ 2 -2 - l
=24~Smt -t A | =Gy S=t
r ,2 g -2<st @t IT \ ’\r {j
- _—_'Z - —
r l j Ttt\ 2 = ._’__
=—<su?t/c’a'>t> 2
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Theorem 14.5 Alternative Curvature
Formula

Let r be the position of an object moving on a smooth curve. The
curvature at a point on the curve is

where v=r' isthe velocityand a=V' isthe acceleration.
Fty= 4t 35mt sost> _
#if r)= <4t { \:ﬁz_‘_);. =
\‘('t\: <4_} 3(55t/—%8ht>

= -+ > gty -
atl.\ = <0} —3SMT) 5 K = — - 2 7’_(

- Y
~axat) = <1, & sl 5

- S| e
Va| = (}@ b2
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Figure 14.30

Parabola
r=(r

|
19 ==

Curve flattens
k=0, as1 > —>

|
|
!

~Y

Maximum
curvature

/ Curve flattens

k=>0,ast—>>

~Y

Curvature
of parabola
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Definition Principal Unit Normal Vector

Let r describe a smooth curve parameterized by arc length.
The principal unit normal vector at a point P on the curve

atwhich k#0 is

N(s) = dT/ds _1dT
|dT/ds| « ds
For other parameters, we use the equivalent formula
N =T
| dT)/dt|

evaluated at the value of t corresponding to P.
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Theorem 14.6 Properties of the
Principal Unit Normal Vector

Let r describe a smooth parameterized with unit tangent vector T and
principal unit normal vector N.

1. T and N are orthogonal at all points of the curve; thatis, T-N=0

at all points where N is defined.

2. The principal unit normal vector points to the inside of the curve—in the
direction that the curve is turning.
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Figure 14.31

" At all points
T| = |N| = 1.
andT-N=0.

T

‘N points to the inside of the
curve—in the direction the
_curve 1s turning.
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Figure 14.32

" For small As

T(s + As) — T(s)

points to the inside of
_the curve, as does dT/ds. |

T(s)

T(s + As)

T(s)

<:l T(s + As) — T(s)

T(s + As)

@Pearson Copyright © 2019, 2015, 2011 Pearson Education, Inc. All Rights Reserved Slide - 62



Figure 14.33

) Helix
A r(1) = {acost, asint, br)

T - N = 0 at all points of the curve.
T points in the direction of the curve.
N points to the inside of the curve.
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Theorem 14.7 Tangential and Normal
Components of the Acceleration

The acceleration vector of an object moving in space along a smooth
curve has the following representation in terms of its tangential

component 9r (in the direction of T) and its normal component d,

(in the direction of N):

@Pearson Copyright © 2019, 2015, 2011 Pearson Education, Inc. All Rights Reserved Slide - 64



Figure 14.34

Taneential ‘ Trajectory in R” |

component a.TT qQ = aNN - aTT

L4 VAl
Y
Normal

component ayN
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Figure 14.35

Parabolic trajectory
ya (@) =)

Il
(§)

<0 ‘ >0

Approaching bend Leaving bend

I

~

I
1o =
-

" 1
0
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Figure 14.36

Parabolic trajectory

YA r={1)

4
a=(0,2)
for all 7.

a
//1\ 31

(a
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Figure 14.37 (a & b)

TNB frame
changes
orientation
along the curve.

Osculating plane
formed by
N Tand N
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Definition Unit Binormal Vector and
Torsion

Let C be a smooth parameterized curve with unit tangent
and principal unit normal vectors T and N, respectively.
Then at each point of the curve at which the curvature is
nonzero, the unit binormal vector is

B=TxN,
and the torsion is

T=—@°N.

ds
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Figure 14.38

-

7

\
<A/

T

1

Z

l

X
/A
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B

Osculating plane

Normal plane
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Figure 14.39

) B=0.0.1)
at all points,
so7=0.

o

C:r(r)=(Rcost,Rsint)
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Figure 14.40

r(f) = {a cos t, asin t,

< e

X a’ + b?
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Summary Formulas for Curves in
Space (1of2)

Position function:  r(¢) = (x(¢), (1), 2(¢))

/

Velocity: V=r

!

Acceleration: a=yv

Unit tangent vector: T _v
M
Principal unit normal vector: N = dTjdt (provided dT/dt # 0)
| dT/dt|
Curvature: . _|9T|__1 \dT|_[vxa]
ds| |v||dt] |v[
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Summary Formulas for Curves in
Space 2 of2)

. vXda
Components of acceleration: a=a,N+a,T,where a, =k |v[’'= | ™ |
\4
d’s v-a
and g, =— =
dt® | v]

Unit binormal vector: B=TxN = v>a

lvxa|

Torsion:

T:—@-N: (an).a' _ (r’xl«”),rm

ds lvxal Ir' xr"

@Pearson Copyright © 2019, 2015, 2011 Pearson Education, Inc. All Rights Reserved Slide - 74



	Chapter14_slides_1
	ReviewChapter13_2
	Chapter14_slides_2
	Chapter14_slides_1
	14.1
	Chapter14_slides_1


	14.2
	Chapter14_slides_1
	14.2
	Chapter14_slides_1



