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11.1 Vector Funclions o} One \boriable
¥ a f’f“‘C\e moves aroond in 3-3pace , ids

mohion can be described bj, jiw‘mz, the
Hrree coordinates ofF ils pasition as Junclon
of 4me t°
X=xl®) [ 4=9@), and 2-20()
W\ s more convenient | Woweve, +o veplace
these Hhpee en‘uadw'ms bg a .r.'a?le veclor
eQUa-‘I'M :
r=Fr Cﬂ

3'\ Vic\?, the POSt'hm Jechksr of the mo\d?
pardic as a Fenclion ok £ In ferms of
the standard basis vecters i, od ¢,
the eosidion of e eactcle at dme & &

pasdtn (¢ =rlH) = x@) 4+ 3“‘3*2@4

@



As b increases the faricle moves qlong,
a pith , @ arve C in 3-spxe. I+ 20010
then C is a pbne curve in the x4 -plane
We asume {mat C is a conlinwous curve
the particle cannot isshontaneously gump
from oane pount o a distent gond.
This is quivale\* B reqp{r(mj, that Jhe
comPonent Juaclions zﬂ:).%—lﬂ.&rd 2(t)
afe cm4mu0u5 —ﬂ.ncHOfLs o—‘l 'y ancl we
theefore 2} that @) 5 a confiuos veder
'Vuﬂc‘ka\ of £.

In e ‘ime nterval Jom L o t+4t,
the parkcle moves fiom pasikion Ct) o
oSillon (b <At). Terelore | ity aversge

velodly s cCv +4E) V)| Lhich is a
At |
S eci Qara(lel Yo the gecont wvecdor {rom

c(¥) to rceedt) @



\$ +he avefage ve‘mﬂ‘} S a2 lmit as
AV >0 then we 324 tat r s Jrfferentobl
at t , and we call 4he [mit dhe (nstanbneoy
ve\ou‘s"} off the parlicle at hime £. we
denote e ve\adhj, vectog b v (F)

(
elocily : vlv) - lém - HAt) ~rée)_ t‘;&\

&
This ve\oci\? vec\or has -liredior\ -hncja\"' {o 4he
rath C at the point Ct) ad i pois (nthe
Aa’recwl;@\ o—P mo4ion . ‘ﬂ\e \e’\gj’h OS: welocii} @



veclor , o) = \v()| |s called Yhe spead of
the Qarticle :

Steed : (%) = v\,

we define the acceleration of the Qaﬂcc‘e
lo be Ihe time derivalive of +he Veloc"{,:

2
acceleration : a(k) = ﬂ%" %a&.

Examglg_
Find dhe weloc 4} | Sgead and acceleation,

and degcrite the motion of a parficle whase
eosikon at dime ¢ is

r=3coewbs+ Qmswi:;; + 5sinwtk

okl

v=adE = —3wsinwii- 4wsinwtg +Swcqutle
G = lvl= Sw
a= dv/dt = -3uwtcaswh i - Luteoswi- Sulsinwb b

_——U.\?'r @



Thearemy L (Difkerentiation rules Sor vecko finckions)

Ler ul®) and v¥) be differendiable veclor
valued Sunchions | and (ot AC) be 2
J\'Q—‘-Ud\“(aue scalar —valued funchion.
Then unC)+vit) , AG ), u®) v
U)X V) , and w(AG)) are differentiable
and

@) f; (LlE) + V@) = L'G) + v'(P)

() & (ABLEN= NE)ul) +7 ')
©) o (L) « VABY) = L' « VB + LK) o (B)
) 2 (L) X v = L' G XU + LEx V'@
@ 4 (u &) = NG u (AW

Ao [ at any point where L(b) O
\ (b\‘ - ( ° u‘(
U 3



11.2 eS and Para 1229
Ta ths section e will consider curvey as
jeomelric obgects rathe~ fhan as s of
moving particles. k(s difficult 4o give a
formal defn. of 2 cuve as a ?e;meh'ic.
obgect without involving the csncept ot
paramelrc represaiafim .

r=c®) = alB) 4+ ,,(t\;-t-}(ﬂk, aste b
Howeve | the pammetes b neel ne longer
,-._-,pres«ri' lime or 3/!} other Speci gic. plnan'ra]
q@n‘«'k}-

Eemele Use $=4 b praneltite the parlof
the Ve of intersedin of dhe two planes

§ = 2x—4 and 2-3x+| from (2.93) b (32/19).
Solution  Since \arb A=A (4tl)= -al-_(%f-‘t\,

2= %l D 2= 3@l - 3647
f’%ﬁurba*b}_bﬂ\k/@é’c&z- @



The wriek r=rlH), (a¢ Eeb) s called
a csad cwrve (@) =rCh).
The wrve C is non-sely- in’ner.sec{m} i$
thee cXistks some geameltigalion (= r(b),
(2 teh) of CHuat is one —to-one exept
Yhal the ededints ol be the Same:
OO = rCh) act <bashd bi=a and f-b
Such a curve can be closal | bt otherwise
does not intesedt idsel}; i s vhon alled
a swle dclwsal curve.
?afame:\ﬂm‘ng, toe Curse 8% Tnlersection of
Two  Jurfacey
There S A0 wnique way 10 do +his | but f
sne oF the yuer\ surfaces s a <y \nde
caallel jo a coodinale axs ,we caa begin
by parametrizing Hhat surface-

@



Exanple Taametrride the arve of e
of He plane a:+.2.2,+1¢2---4 and +he ellighic
cglinder x Cehygt =4,

éo\u‘kdﬂ

We bezt'l\ with the egn. fx.7’+l:;"‘.-q . which
is independent of 2. lkan be parameltized in

nang  ways ) one cvenient way g

X =2cest, 4 =sint, (0<be2m)
Te egn of e pbre @ +her e wolvad
for & ;50 daal 2 conbe expresel n ks

of ¢ :2 = fUp-:ﬁZ}): l—i\-_ﬁasé -l-.s(f\'(')
Thus, the aivm sur{aces intesect in the

cLe
= a3t [ C@L‘h’l‘lﬁ
r =2c h-l-SInbaf(l 2_‘_‘L
(0 &t &2T)

@




