
ilCtl = r,,(t)i" r$)i

i^ ilttl =L a!;^[i(tl-Cl:o
{+a

* ruftt i

tqa

orurt utrvolh,ifildh, L" rf-t
fta*Ax )-fla )

4X
v

{q*bX)

a- otAX-r-$f 
-{

1f,{o,415 )

erlsI"ldAt +o
lrnro'rof lC't*t{)

dI"ol..U, C

fG+ art -ftat
Ax

X

au0ui-roDrnJu lrot.r oi - iLtl
.;'\ilt+, 

= &':, 'ffiegt//
?Ct1

I

n:tq-l^l\

-iq tf,ut:orcrf
d?^ ( Gl

strp al F/,--^, f'(a\ =!#,

i [t+at) -
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n-:aflrr 2.3.4. fi'muahx F(t) : ii *j - sirl tA un: G1i;

rrfir s.i'rr

r (F-G)(t)

z {F.G)(,)

s 1F x G;(r;

v d @ lv t d2.3.2 au?{ufilla{fl{nf,uFl1t?nLao3q

1_:ti i-i+3i,t"

frerrru z.g.a. \#rlt) ulur,{.rd{uririQninlef ey6fln.jrf i5+uTlt t fiauv{urifrqrr

t nr nl.lFt

.. r(l l-\t1-;'11;
Itsn _\1

urri':16 uay#flnu.rnrrl a5 r'ft),ir auriuf,iror r1t)

qr,fiurrr(r)d:1rlrfinrrfrr.TfrrCar.,lfi'irourn-uf r'(i1fn',lil:flrrEu{fitfi.rr:
^ : y a 2 ., ivei rtltS fi,1nft:-fuv*1Fn.lnrfltrn;rrof rril itfi: r'll) eynil.,hnuftuT,i.i f "lul=nurqfr

nr m fr rn o 5 t rfr rfiL ( r:r q ya6:r r fl nq r :*a :r r alun r a r,a drd n n ir )

vrq:*frrLvr 2.3.5. frr r(t1 : r1{t1i + r2(t1i + r':t(t)T,: ,r'r (/i. 13(1). r;1(t)1

rulufliffurrnrnefufir r(f) err,,rrorgfi'1;f1fifi t ,fipiarfio urjayardil:yiloL*fl.i
oj tue-d o- 

-{ll.lilXU rtll ). t't( I ). r't{ | ) i,,'roLnuf, [tril / UUF]O

it,,,rf 1 :1i,,, r,-(1--4!--2'f 
; ,;i : ]..1. rJ: -ir l/

nairrfro r' (r) : iri (1), ri{t), rL(t)i

irl r]rfr$oelt ?nrn.L{ dn, 6,J u#r. ror."Fovu\t luipq,
fi":aa'x 2.3.G. (1oilfi'ra: fr'rodr<fi z.tt u{s't qa)

rirr.rurr'[rX rtt) : sin ti - 3 cos tj + 2t2E ufrr eqa'r l{*)

fttl = ffinCsin 
t)r 

Sc+.ur+))

= [ crs t, 3si'', t,
,. i(t) = eos+i+rrtt

t''(o) = itol+oI

Figure 2.3. nt'rLi xr$i'rr fl €':rqf,tfral
fi.:*.ifi.r rrn rr:a5 inrlr qrn r.l#rda Anton

Calculus)

*a: -/(0)

$ rzt" t]
*+1

ti +qtE.
J
at,
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Fr-'radrr 2.3.7. rirr,ruprlrxr(l) :t2i + et j - (:2cos:rt)& rfrr e.iur rl(t) ,

f(tl * tti o et3 + ?-f;intrt Ii
r'lil -- at + d{ * Tt'eb T-f E

6'aaerrs 2.3.9. (roild're: #rorirr z:zuil't +a)

drraun"lrl i: tl, -2t2T,T: t:t j + rk rray ,w:i +tj *t2T'"&t
d,_

q.i1,1'l ' tIrr + Ct'J . /r'i

i"(f)

6ta:r.. iltd = (ttt *{i * Czt"+t)(: 
(d*$).S --[tttf1'* r.tf t#]'t tltj nt"ti I

__ t *t*+ Ztq *tl = 5tq + t':t
**[o"dt.,i1= $b*u**3+t] = lz*3 +st+ I

fu' f,r,,x*; ).i,1 -- (d +dl$n(il r + ff u'+d)' ti

= fti*t31i* r*"+) t"- ] ,L\ +rt EJ *
t t * rt'1"* ( qt*T iEl 'G "ti +t{ ]

=ft) +ttt U''"gi')+ (t *9t3* S\f)z tzll +stL + L #
uuu?n#a. t.1#rf(t): t2 t2t+s,F(t): ti+t2i *3kurnv

G - t{i +i + &) ufrr nt:ar

(a) [/(r)F(r)]'

1n; lFir; + eir;l'

icl [F(r) G(r],

tol LFrz) xC(.t11'

z. fuF(t) : e2ti* esti *6tstLraprs.ir F" 1t; : -sf(t1+aT1t1flfu.

\ICI-P),il)l
f -- d.-url1il

\ - fr'$

z. (..fa)' - .[a' * I',
^ ,- -,t -t. -lJ. {u+L')':u+t'

-tl u- 4 :-{4 l"'r)' -u'-'u + tt' 'u , A'V + U "|tr

r. t.tt x 1'r - ,F.;ffi=:E" tfXE+ U X\f '

E,

[il+#l
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v d t q dv d2.3.3 auv{u6EJaEJ?a{Tl{ntur?nLaa?
q

6lurAifir rfiur.{tfduttnrnoits'r n rr-lrrilrde t),....t,,11,r1"7ri':ult;y-.dir ?'1, ?': u!,irY

r'31J8.tilrlLFifl5l lflui{tf{ufiutaql,l-udriastfitlfr.l t1....,t,,ifr ri,ffro,.iurirJoato.i r
r"ficrln-Li t,,, rfifluulru A1il :!- err"Iufi.x{rx:u1"u:il

dt,n e

iravoufufderrudraorser r ufitLrriu t,, LLnr t7 nrtrdrn-l uisururufrrt -gli)t rJt ,,,

s y lfl uil*r f{u r,: n rn 0 i"lu?il

0r 0r, = 0rz - 1rs -
-4L-4L 

b

otrn otrn' ' oL-.J ' aL-'"

.,')- .,)(t'1. ,1-t,l1 U-t.: .: (l-,., 
t

Ot,ail 
:AUE' 

i)t,i)t,,'i - ,tr;,^"''

sr-ra dx 2.3.1 0. ( ran 6r a: n-rad r.l z.l s uil", +l 1

ntraup 7t.,'.,1.'-1 :i - u:irr.r..f rlAs{y- d,l 0 l' A,l

J u.j. all u..

t __ Ig pr) i*( o 6qsrn
2x \?x '- \ ?x

xli + (?.kr))k

(gs^ "))i*6fee)Fai
?b

) =o

P4*tl'"(h
sin xl+ee E

d
?+

A

pi'raeirs 2.3.11.i,tzur, 7'\.1 1. t,) : u ( 1,./1i - u ;in t 2j - t lA'

dr Or L)-r
1 :i.t-, -- .

i)t I Dt:', iltit 2

z -a.sih trd

= B*,+ + (3*(u",.))l .[$C.'r1t:

oi
a,
?i
#,
eJ

er
elffi

-ra ( 0r I -'4\4 
r ?+r(acos 

+i i* d



Fn"rarA/& voroq$"f

t't++att -;C+ )

i'(tt -- ,ft,
at+o A'l-

mssbixrr}rffi'qtmr nol W it+l Ab

tlr*ddlrrlu,$,& d&'u'o hu ?(t I

f6rv$-p'rtuo\otjl 1o i tf I

1 3oro1d d g{rS I m t E'r o5 $u*--'

l [ta,'rg"+ vsctor )

: 1'n urol5aoburl,u$'/ d C+) = I,f'' k )

[qnr-t *^f 1ectx1 lfkll

F(**oft -F(tl tllu'iold t r*itq-

=1 f(++^+)-F(f) l"Jt,.*, pd.r,rtu
at

i (f *otl - P(t;

sfi> o

f [*+a1-) -IU) :lrlund'n:rfixn]rno'rr" + rvjv{L

=r tlotrno At <o o;lOh
- ,(++@ ldlual *leotool'T

\n nJ ;; t 
'il',i,r

itt-tdl-Vct\

At <o
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dv u r og/2.4 L?ntma?filJilfiLLaua?1Ner1?d?uLn{

2.4.1 r'enrno6d'ruffa

qrnfrsrrifrud:rzuiariarfrulfir C m ea .{ 6erfiupre.rdfin.lr:.r{'udafifrnrarrftud'nn:t,l

AE rfio B rnfioufrr{',r',*^,f*
nuxfi.iirfiuli.r (r unufrrflfr*{sTuyrnrFrof rlrt frr.nou,,{u#,Frinyouyruf,firn::.r

,i:-
:lCr1"E{ tl-O I ll,l'hFt'tL?13?1"

firirX ,+ rfluqp,firrnrnof rit) ad"ludruraur il ,r!nl / urny B r:!u1orfir,:nrnoi
, l ,\ le

r'11 - J,l)ed'lr,BrLrut,.r tr t'le-:1 f - lt n.l.i: ifiun:l L"7ru''tqr .4 unr B s:fr
,IilAf l.i"nL?rrLnLtlnLFOl , _ r(f - -\/ ) r(/ )

A\(J
A-

liio.: n r n orlfiurf a o t r ( f ) lfl ulr n rna 5fr f, r launtn l
1

,''{/J-. linr 
r 

r{l - \tt_ ,.t t\\' ) i'li, l(t) ' rr rr ) ' \t )l

l.lSy LUU? r il' i'{ l )'.1.1 rlrlt! n "n6 TFLL ."A l ! l- sF C t lJA J i.JYtFI .l LFlEl': nLriJ,6U
-,A o"r,' ^ i ^' a" - X - *:

^3-t 
i ( r i,rl .l it'dy'il r'l:';?1friI',{11 tl\LtU?JO.iF Lltul* Itr3im]flt.ill-;HC}dNnidL

ooqviluarirl: rfr fi il'r.:"ira{ C
d6--ttdaa

tarnrrnrno: r'' rr urntnaSd''x#a (tangent vector) ro':rftu C finnr A *nrrrn
rmefi.lfl.:uurr".1frau-.i"r,o{ r.' : ryurrin* u 6,:

u",* i Il;(+\A-. 
- 

7{1\
r \I )'

rlan z'jr l'lntnaifi'runaufisraure (unit tangent vector) rioifiu C fi1rr A

s-ra drr 2.4.1 . tvili161a: d'.:ar.ir{ 2.22 v{n 6a}

rirraua T(t) : te + t2i s'aurrqnrfiaia-:rria l",(t) uarl':nimofdrriarafi.qrari.ru

a(t) rierr&utfrr C fiflruuolar r(t)

Figure 2.4. Fr't't?..1 1, :ir fr ror o ulnriuf, Ee..l

rT.i*{t*u trn rinoi (nrvl qr n uftda Anron

Calculus)

' 
I co tot oTtr*,rI-rU$uJ? u

Lrlt rotoro{.c,}T. i'(t1
J rJ

= L+LtJ

il(r) --#r.i/ftt

l*/C+) l=@Jl+t{tt(*,,

" (t+zti )k



druun r(t) : 2cost,i * 2sintj + fk s't lrrntmafd':r#ar.lf iuu,lfl re'irfru
19 ^ 

d o + , -.krt C frnruuninr r(t) ru nar (2.0.2n)

lcotmolf,iclr'. f/(t) -- -?-si"ti *Lcosf i+E
tF(tl1 =,Jffi
lroraoltrqdl.^hr fi^nnsroT ol t fro

v0),atl1o

dtt) :ilr, sir^, t) i +@cor t/i #P
-- o4btcJL ff

2.4.2 dila'rrea{rfr'ufr'ruffa"Lua:.Jrtnrnai

"l:X C rflulfrulfr.ifiLlvrufrrflrrnlnoi 
j*r, 

u^, A rflunn"lnrl'rurfiu C il: alfluleqnr

trilrrurdr^fi.:ria (''71nr q Intfrutilrnei4 r:luurnrmotlanrtruuuur.rdr Q or":Iurrn

1-r'1. I o { r! n ra a 5 r ua y rr n r n a flLufr rt yl'r.l rL a r rfr ua ru ria
-3

r].i uu n : ? LL?l 1l riu :-l 6 r #r uil a ia?x r a t ifi ud'ri rin q ; e u1ueil

ufro r un; -r' fiuoqjri'::1nr A *az tu r:Jum-rirrlrra?rfrfinirului 

i, Z i* t l
I 

n-tadr.:2.4.3. (rona{'rr: pi'rodrt z.z+uiltart) 
" 1 

-- glh_t 
t 

I

I uor'ra,..ln.r"iugrJr.:nrnofuarrfrufuriar.$ f * a2 - t;i1a r1vtr, fi1

ftt) -- (zcos {){ +(Eir. t) i ; te [or zTt1.

reoro,lo5fucf.s iCt)(d o,c' ? )
t

= -Zsinti + cos t J

CoSt=

Sir", t =

. :q u , a,
Flgure 2.5. rnunt.ivr6iltr6.6u LFr{

te Lo. zrJ,Y

19

nau NVz urlv
sr''ta Enr 2.4.2. (Lan6ir: ri-r o d r I z.zg uin 60) / H gU x

e ..'

2)

J

= tlzt*

X

Lr(t)
.l

ont6\
\

?(f., +r) mnaTto{oT t totor
{z -- Zcost ? :)
,d -- th+ I

?

L
+1 =

/zx
?

=I+:)ttrzrrE
.)'>
{-z L

itr.r )

i'(q
:QcoS

) = -ZSin
T
a

' *'"1

osi^{ 
)u

x.r cos

J['.,"
'r+ t

rJ
-Ln
\I2J
tl-. t'{d = G

J
+rJe r

7')

( w & tn hstaro f

+ (-ning?)t
+{-z(r+u)i

zj

J _tl=r+wr
-- ('.t-zt'" #i)
= ('E (1- u)i

3('r-2,f;" )



J
trq0t

I

x
(z,or2'lT) ?.Cr ohn )') fton o5

t't+) = "'* d*er!:.Ji
rA '- ucost = |

t drl ar

"lE

;.il[zn)

tA -- L5{r,t = Ql-

i --lt --Lrr

.- d1" [z,o,z,r) t 6o 2'T

) f +(i cos zr) i
f'

*R

JL]ts

= JI(-2 sin zII
3"'

= ltui*[]


