
W (Siwta, b the pr# d fu?oP 6 5) 6vqt û swuflrt hrtrt
ft,t q) lu M , tuth c'nrhnafu !rcts 3i) dehrw

e" n'' fu) '-> il x iQ'

li f io i-> (p, (1,, ,T,\) ,

t^tjvre lr. is L'tv t-h (acyfunofe co,rc.{cr Aotd AssAùted wth
[x;) iuy,pse #at 0,q) b arntlw snætLt t)ort hr P{ wtt-t

@vùnute .fnCs 6| , tlnô tei T T7*(Û) * t * tP," fu" CC,nd

an({1(fug/ cn n-'&) oJ ) , if Jallc,*ts lrcm &à th(ft

(û"Ç^) (p,(7,, ,?g) =(o ,?#,tr,Tj, ,ffitt i))
-ftv Glh;r)-vulue: {rrt (a;t /a.^,) tt sntofh, sô rt {ota,,n

fun th(. v¤crtr ktrdê. tr)ft
ntts a smnth slntcfure nu!-t

ItY illath the wyn A ffe
ldtctæ {ts in tue yræ( û{

As in #Ê. rcc û4 lfu tu

lemma G tcu 64) fryÊ TxP(

ry it nfc a srttPth vacf* btrv{e

txal tuviah
FSTLÇ! ,

UWenæ
zre \_ r

ruynt fuMte, snfith icru! ,o#u
futos /u /4 yield srrwln icntJ tærCrrvles læ ib
b,xf,e. T4 (x;) arQ lrv,t&) t rtncrfæ u1 (tn W vbst U*t .,

E1LCEî@ Sho^ra t4{Tft fu Wp

n*kt) + R'n , T, )'1, F> (^'qu,. , xn(p),1, , ï^)
is a y\Wl tærùnafe Ntrt lo( T*N We Cull ttt,Ii) fhe ïY,,

lufd 6nrtnûfes hr lU lsse(tteC wttt (x;)

w



Wr A4 A wth /cort /srwrtn (t*"1 ar gnnt) sæ(tcn d trM
h /w i;w*n ôuocrcr -frM û( a (ùlleren'E &ilan ct

f,tc,J) t- furw 0t) A SYYW#'"1 ntnlC P(

Tlv. ret X*0'û C &tl çnnh (globu) ouecfor Aoe w a
grwth nn/4 [1 is ûo intrute-ùrnanioruil P-v,s ard c( wc-

dute avlx tre ,V fM) Estcz)
+lca( AlrArne /'t, I,t lxnl /globctl 4narw 4or r nM;

S^C DEF 6 U
ry (ornfllærm (/ smæt{n lorul blru;ryvs for F{ , Wcd use

û4 EslcL4

Fxttu?tç B s l-or ury smeth Cart ((.,, (^,)), t\u tucrdwte
bwfcr lt:etb (/,i) dt(uvd (tbJ',tz- MvTrfufe c( l(at ralrnrvte

wa U, &ttJll a cærdtrrtfe _rCra\e 8y Ç5!3 -T-EL =Wop
B.b ,0v0,n/ Lnrtfflfe. tÉrarre s smectt, Mcaltp its Lxrpwt,/

hrs in rtu fo* durt oe 1I

d

In ûny slwth laûl roeùrutfes (x;) 0n an qr srbst
(JcM, cL (wgn) bvffiar iletd çt &n be Wltan in tans d
tlv Cærù rctfe ûcverfcr hrelcrs ()i ) Cb r,) = u; l; hr n /ncts

U; ', U -, {R , auled ttÊ tc /,,vts ol uJ vt tlÊ ,/U)

cturt ûûd ctarocfenzd û/
(,tiQ) = ê? (*i,)

Tl tû 15 û ktnlû bvecfcr frotd aû t{ X EC( ûutVn)
(@



vocfcr {1eU on M , thm we &n hrn û lnd
Lû(X) ,M--+ R , p F-> tor(Xr)

Tt a¤. Wfe Ç) : u,A' 0û /, = 
^t 

?, in teryns t/ laal e-
âj)

ardnates , #W l;(X) Lt6 ttt {ocil focrCwte re\resqlfettcn

t^tt) = u;X
Iuçt ûs n /ty. Glse (il y&fcr ûa4s (sæ. WoP. 7 3 ûnd

7 5) , flpte ûre Çpvwctl trys fc Cteck, syrwthrw cd (Nercr
Aetcs

,?fof 8,6 $n$nrvss &feria {or ôvecfor ftetds) , let /4 .tu
C( Srnæth tnnlô art \ct L,t , M

duo Tl a e

fu\ til t,s Srccth
(o) rn uey/ srnco#t furt , tf,e crrrycrurrt *ncrs tl Çr o{e

Snæilt

@ Çach F C /,4 t5 Onfured in scrvv (ærûlrctfa d(rrt- n

Vlucn Lr W)s grLvth towpcnrynt Qnd>

(a) îa uoy I a X(14) , he ïnct r;{X) [4 -n'[? 6 srnodh

(e) for a/ay 0p0n sr# Ltç[4 aad ry snnh vechr

d,:aa X û (/ , tf¤ lnct w(X),U( -' lQ t;s svrwh

TRwr ESJ3_T-EL a

Since any qpn srrcL ûl û srnùh tun{d 5 1flan û Sraoh

twn4ô , ?fOV I 6 qptæ ¤qttd/ uell fc @yqfcr /,a* deûrud

aty m byv qvn suhpt s,4 Pl 
@



,+ J lxal d{urre. mtercn lor fu\t /srratttn*s c{ wln ô-
v¤cfor (teUs sVeuil (ae. 0+ Tror b L3

'kurne G) lor TtÇ( ^D rcfr*ne G4 duat tc ( r; )
b#une td) &sr T+ Pt .o 4rume. (ç,) duat to ki)

rru vwst inynrtant ryltcutron û{ $pctcr ltet& ts lttdt ryena\le us rc infe

lYtrtt(il MnY(tttvæ
roveclor $cA

c û fut (15 fi'e crnporwts d a
rftret tn t( &lrdnafe- rndaryLtnt ry tlÉ

kt de C- fu) Wa. Ce*na 0 rcrecfcr {tetd C(, ca,td t'he" ù{
Lerentral 0l * at /r( ) by

dlrfu)=u4,l)nGM
W'Tha dûlerenttal d a snætn lnct rs t snæth
uvecfcr fueC

, Tt 15 struft"NorwarC fc he&, ffwt d/p e Çrtul 4r cA

?rM To vu(,/ t'lvt & t> smntfi t^e qpy ?fop S 6@ hr
ary xe ,y(Lt) , tlv 4rvt c((n i5 sncch, M{cutæ. rt ts aryctt
tc X4 $ae- ?ræ 7 s) |

fo( (1 Enoch tUù-wfueC /ty/ /,p( nt?, ,w8 I1a,\/ Ivw frAD

û{krmt Ceh'wtrorr h fhe d&erent(il C 4 (rt peP( 7rt 6.3
we- Colirvd dle ûs c( lrneur mq G,frl -, Tt,rR , t,/hile lvre
l^tt- leltrW d/, 0s (t (ovecfcr at p, M , | ¤ , c( Inear rrap

Çp( -> R Tlvse (tre fcruy ffu gtuu. rslect ) t)Ce ue tabe infc
acrûJ(\t the tacnt f-;rattcn kitreqt Tr,p, t8, anC lR, aoe e.,Sy @



Wa/ to ee tlus /5 fc rvte ltvt Mh ûre rc:presanfeC ft
MvCwtæ hy fhe W w(ttnx ffiw bynwts ûrc tlv. fvlttl
denvAttuæ û1 I (Ur u, venll /nt; Letcw {ur d/ relnrct (E

atne) )
ld. Lts rcrryute he c,nrùnafe re{)resenfstn ,/ d/ . kt Û4 te

sffit @vùrytæ CI^ (tn qq s.bst Uç/4 oû lat U;) U tle
W{6portùr,
û5 Clp

Cl ;nltlies

fc/rane 0n U . hlnfe dl in cæCncr%

;(f) ltlr lcr fine lrxts AL ' U nK Thrn #t Cln t{

A;$)= c!/,&tJ = #t, /2/- /àx;

lor he

{?)

t,luùt flotc\e the ûallowry lornuJa

taûcn C cl
Cl,= ffit,l'!, &)

Thus, 'tM. bnfnrvnt lrvfs d C/ /n ûn/ snffi rocùrvte
chart 0e tIt Wrt al cbnvatræ d / uJ rt tl\M (ærdmfes

fetCrwfo rq)îfesen-

dtu?ua rc tlut, wê en tlunk C ô4 as Ûn

CUSStcut yfAùent (r,'e \i{-t.Tùr A;'" t4' fi t)i. 
i'',}'"3i¤

t[V fVrt,Ctt 1t(;1,ç,i1"ifii;'ç'5 çl fi't intf"i ,fein{Afpit¤t

itv'.

tutn t h{ry

WbeS (nt'Cnrlfe -nAey,enCOnL S(.rbe ffi C{ rnr#C.

T4 vJe. up\y i4) tc tM speaal &(k l. t,,,'hach 4 É N 0{

trv ærdnale '{'piii xi ' | -" R , ue obfun

,r;lr = #Q,Â'lr =ôf Â'lr = 2'lr )
t. çthw tfivtl, /o( (ærtnafe v¤cfcr /-,aa Xi É rche olrvr
fhun the s{ler¤ntrd txi TWeLXe, &) (rn M vgmltA} &5@



/lo

C{=

tpt dxilral
3ti I uLt

)

A a5 (ln erTuutrm btween wetur ilAb tnsfecd C ovacfqs

#dri
t{z I4n fus, Ûus redtccs fc

dl = 4!- ry-
Cx

&r)

In n/

Thus, hte- have retouueC W larw.rltar dussrrù lxprasicn k
tte Ckraûa.t N a lrct 4 tn (Mdnctæ 4enc'{uh,w
AfurTV1 the rwfutr1n fu lof fhe MrCnafe Co/rare,ûr{ ttre
dxt iosfaad

fxnurÆ ss,rl
| , R2 -2 ;g , (x,y) r-> x'y bsx )

tM)
a(x'yasy) p (x^ycosx)

rydx+
2x Dy

= (lryesx - x2/nnx) dx + (xncosx)q

* fryetus û{ the. Cllewntwl = ESL3 - T - ¤2
,<) denvuflve (4 a 4nct ulrv û tun/e = FSL3 - I - E3kt)

c4

@



'W_89 ' let F ' M +1\/ be c( sttlooh mcp and let yte tl
The. ù{&eranûtul d6 TrM -> Tv*, rt/ ytelds û dfiJ {rcar W,
cî,"' Ti, u + Ti p( , cdlec tfÊ in*"u,Se) trCL?
(cr tM cofureVrfr rv,ttp ù/ f ) ûnC cttarcdenzed by

ëFi û,,ù (o) = ûr (CÇtus) , u ê f$u , 1), ÇM

UnliLa ve(fc{ ltebs ,,ffi67 WfulovwaiCs ûre oe{*d only in
q¤aûJ tuse| (sae, nï ,{5JiÇ4), bveclcr $a* a)ways wnd<
tc Cvecler *,Ads .

,Tcr g.rc let F ' lt4 -'/v fu c( smæ#l wp ond tet u
lrl -rr+rtt be dt r^uqn (N¤cfcr ûelô , we ceûna c( ratyh o-
YaLtcr /tda F*ut on l'4, aulel rtv ullbc(k d /-J F,by

G*w) &t)dç; (tts,,)
7

It acts on a vecror ue Ç M b/
(rn = 

^rrù
(dr,tuù

TB,oe 8.u ' let î 'Ll -"A/ be u snæh mûp nû let u fu.
[t @vecfor lleld lvt /v rl u'/v-> tK is (( or)f. /nct, tura

t*(uuo) = (u, F) F*Lô

Tl nùôrttcnulU u fi srwh,tlwt
Fu(at) = c(u-r)

have

), tut(^J

l,,le

tr*(uu;), &t ôri ({turu)r,r,) = drrr (u4çl ,r,0,) rg

@



=(u,ûF*u))r t

t,tluch Wes frV, A:rst sfaferw,rt {cJ,'lr rc serorû sr(Él-
wvrt, t{ ?u/-4 ûN uêÇl-( ) fan

(rndlL)ptu) 9'Qç (tur,,ù) M Y
= Mr,r) (oro

= ôirful u

la rt\ ô/n t4 dl
tv/)

= u (u'¤)
= C(u,r)r,lt) )

Wch ,vifuds fu serPd sterenent r
'W'kL f,pl -lv M {/ snedh nry ari l¤t u u-
ft kmt ) buecftr h'aa 0n M Tfon f*ut rs t kmt ) bvec-
fcr &aA ffi AA , art il Lû ts Snæth, MD sc /,r /tt

' ltx ?r/4 (tt chats" smæth ûnrCrafæ (yil lor M

*

-ûY, \'s\S ÈN) (\.\- (\ '-È
:ç .\ I !\J

-èt \r
\: *-ë.è- J*v
+^ r-\ >Ji.>

N" û/

Un C Cfu,r1

in c/" na(flhfurræd T C rçù Sq L('= f"ft) arÉ abp,ne ttyt
U is (i "nagnbcThtf N P in /4 Wntrog /^) ln rocrdncrfæ

us u = tti CyJ lor kN) lrvts ûû V ûrû ustyl M) ?-JI

huce. (k, flu) , we onlutz tbat u

Frt^t = r"(widfi ) = (", "F) frAyi = (u,, 'F) C (yi"F) &n)

ilus uPrcssan ïs tont ruals , anô it /s srrwtrl hlw Lû t3
SMh,fc we ffe brv. a

@



îorrnulu

fu. wtton

(*,) 4Or fu. yullhrcK C c( o,feclcr &eA ûtn alsc

to M iltttotung wa/

F*u: = (*r, i=) d Qi " r) = (rr'F) dFi 
.,

wlwe Fr b lhe ;-th renynwt hd d tr in flw,e {c'
orùmfes UsiV e,rftvr d- ttv onputtÉrct d
?ctJlMtcts ln ucrd,mafes

t{ufl- }}rnuJas

/5 {are çinple

Ç/'/W?/L 8.13'(orsrbr tre sffit t/v?

F,'[Bt n K' , (x,y,z) *, (x'y,ysinz) = fu,u)
(li the gytxcth bv¤cfcr ,rteô

u= udL)+udu ¤Y*(n')
Acorûy fo k) , ute have

1*to = {u" F) d(v'F) r fu'il dût'F)

= (x'y) d(ysinz) + Qsinz) d 0'i
= (xty) (rin=$ + yffiza) + ysinz Qrfù *r'q)
=Qoyt stnz) dx + (2xzystinz) dy r (x'y' ræz) dz

Tn cther words , fc F*t't , 0.1J L"e need b fu ts

Wsûtfufe tfu, ûxrycrwt -fufs C F 4/ W tnrùrufa frrfs
ti{ tV uorTruhoe ry tryr tn u)

e KË aJ:c LLee, {xur/e tt geJ lor ûn ¤xAnpte ahtt
fr,e trunslûwn(rt:tln lutJ lor ft ovaffcr à1id ur;&l tt
tarW c4 {acrÙrTtfes

@



Tn 6 7 (ve (tlsc Ç|ULJ) hle 6Sngdareô tu oflrûns
unb( wcn t fectcr he'a rnfuos b a slbnft{a rM' r6fn;c-

An N @reda ûelCs tc glbvnnl{ls E tauch sinryl¤r arl
Nlt be bnelty CxusseC utcvl (sæ aln rsz-T-cstù
ki N W C( tnwfu tltn{C , :et 5 ç 14 le er) yrtynerd srb-

nn# cN t¤t L 5 -rM u ftv tndustcn wp T( (re Y(M,
ilw L* t^t e x*(3) More ptrri¤)/, fl{@ pe S anc tJe Çs, Lre
lvtv0

0*u), v - (.,J r ( Ct, tù) = co, (u) 
,

Silce Cto Trs 4TM ri y6f Tre irclusicn rncp un&r tyr
usuctl ôaWficat,on C AS wfn the stxwre 14 (ç9 4
TfM 7htrs, txt^t is yst flv restnicûcn d ur fc vects l-an-

tA^t fc S 1or tlu;s feanrt, L*(F rs dfoq a,Ued the. restncûcn

NetcStvofe , hct,teuprr, ttTJt LxUo wght 4uat Zaxo at a

f,en tr C S , Uen fulfn consittred ûs (/ (ov¤cfcr .fied
on 1.4, rJ wght not wrush. iVre îff em@e
'EM/4?/E 8.!H ' (cntifu,r u - dy e X*(rer) (/ri tet 5 0o)
M fhe- x- ctxis , (cnsi&rec cts m ffiucftc ehnnlc 11 F2
As 0 ÛJreÛcr fial on Rt, Lr ts Ceerly rwlzëû eueuyulvre,
be(ûrJe, w. d ifî tunprvng t: always e(uûJ fc J_ rlov,aar,,
ttv. retnchm Lxba al û tc S 6
V wwfus Mn%cu{,ly an S

t*ut= trôy = d(Y't) =

rUrÉr1ilty Zêrc) MCW4

fo ùtttnrywsh ttu twr wP in u,rtucn L,E" wght rnfwpret
the sfat4vy16e2 , L,J yûnjsf¤: ,Jî 5,, , {)ng ug,)cttty S(\F frtrt @)



W v(JrusVs 5 br varusb û'r. N5
lff wery pus ,I weaYer @nôtt,tffi hot Èæ =Q ts

by tuyi

UJJfuCK
Vol (^) fc 5 uawsfw)

o/ L^) fo S trcrastvshût thc. refncn,n

) il uP =Q
uprsvd

fu tw_
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