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A
Calculo dos Invariantes Diretamente

Este apéndice tem por objetivo escrever os invariantes geométricos de
uma superficie implicita S = {(z,y, 2) € R*/f(x,y,2) = 0}, onde f é de classe
C* e 0 é valor regular de f, a partir da prépria funcao f e reforcar a ideia que
isto inclui um longo calculo. Sabemos que toda superficie regular pode ser vista
localmente como um grafico G = {(z,y, g(x,y)/(x,y) € U}, em particular na
secao 3.1 encontramos o plano tangente, a métrica afim escrita em termos da
funcao f. Outros elementos geométricos importantes sao o vetor normal N, e

a curvatura K, que sao dados, respectivamente, por

_ (_gm—gyal) 2 2 2\—1/2
Ne - g%+g§+ 1 - (fz +fa: +fy) (fx7fy7fz)
K _ (fzzfyy_ y2z> f,12’+ (_2f:r:yfzz+2fa:zfyz) fyfx
) (F24 124 12)
2(_fxzfyy+fa:yfyz>fxfz+(fm:tfzz_ gz)ny
+ 2
(f2+ 12+ 1)
+ _2(_wafxy+f:mfyz) fyfz+ (fxa:fyy_ x2y) fz2

(f2+ 12+ f2)°

Notamos que é preciso fazer um escalonamento do vetor normal N,
usando a curvatura K, para obtermos um vetor contravariante o co-normal

v (ver se¢ao 3.2) cuja férmula em fungao de f é

1
 fud¥

14

( f$7fy7fz )7

onde

d:%' < (fyyfzz_ 52) fx2+2(f:czfa:y_f:mfyz)fyfz+
(fzzfm - x2z) f; + 2 (fxyfyz - fyyfm) fzf:v + (A‘1>
(fxa:fyy_ ;12:y) fz2+2(fyzfxz_fzzfmy)fxfy>

Encontraremos a expressao do normal afim a partir da funcao f.
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Utilizando os célculos e defini¢oes da secao 3.2, temos as componentes
do vetor normal afim em funcao das derivadas da fungao g. Usando a regra da
cadeia obtemos as expressoes das derivadas da funcao g até a terceira ordem.
Substituindo estas expressoes nas férmulas explicitas de ¢ dadas na segao 3.2,

obtemos as coordenadas de &

&= a| f2 (= fofoyforFowy — 20y fyFoyeFor + FofosFosFugy + FonFolyen oo
FofuFoyfyee = Funfufooefoe — Afonforfoy — Aoy fo. + Afyy foo fre
t 2ffoyfosfyge + gy fogFoefoe = 2F- FyyFoe Foye — FyFosFoyy Foe
2y S oy + Fo S fuee + Fo Ly Lo Fogy)
+ Lo 8Fyufosfegfyfer—2FeafyyfyForFe =2 Fopfu fon Fras 4L Fyy o Fows fiye
t 2ffogy foufoFoe AL fy Fos Fogy Foz— AL fy Foy Foge fye—2F - Fuy Fuy fy fovs
—  12f. fyy foyfoe Ly =200 fox foyy oz =202 Fyy Foz Foyy — 207 Fayy foy Fo-
AL fyy foy Foge + 2Fay 2 foee fye + 202 Foyfoe Fowy — 2FFuf 2 Fony
— 2ay Sy S foe = 6fyy S Sty + 2f - foafonfoy = 2f-Fyy fry o
— 6fy LSyt = 2fo fyfeng S 2 A 282 Frny fyofon + 202 Fyy Froy foe
+ Afyfasfyfoy — 2f:foofyufye = 202 froafpy + 2fon fufye
+ 210 [ fe = 26} fawe S + O Sy fr = 202 oy fone + 85212, 17)
t f2 (2fvefone fye— 2 ayefrot Frogfoefoo— Faofoze fyo— Fova For et Foo Fyon foz)
+ S2 (fofaafyyfrze — e Frayforfye = 2 FonFuyefoz = 2F - foy fruz Sy
— fofoaFofyer = 2fuafogfoefor — 2 Foy For Fown + Afve Foy Fye fon
v folyyfenafor = 2feef2 foe + Afo foye Fuyfor — 202, for fos
+ 2fefoun i 2F- o + 20 gy £, = FoFoy Fony Foz + 212 Frafay=Fye)
+ fy (=2 fanfegyFoe + 8Fefeafyyfoefye + 4F-F2 Fozfye = 6f-fyy fey fo
+ fffmrfyyyfrz + 2fz2fmfryfyyz = 2f. faa iy fay frez + 4fz2fmyfyzfmy
— B2 fyyfunafye — 202 F2 foge + 202 Loz + 312 fyy oy Sz
— 22 foufyufoge + 202 Fyy Foy frne — AF2 Fuy Foyy foz — 6 foafoy f2.)
+ AL funFyyLayFye + 202 oy Fogy + 4T Fyy foe fry = 2 Faw Foy Fouy
— 3 feufearhy— AL L S L P2y 2 o ey Fo— AT o 2,

onde

a= (4(f3d3/4> <_fwzfyy + fmyfyz) fm+fz (fza:fyy - fa?y)—i_(_fzzfyz + fxyfwz) fy>_1a
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§o = a[fg (_meyzf;z+fzzfxyyfyz+fyyfrzzfyz+2frzfyzfyyz_frzfzzfyyy_fyyfrzfyzz)

+

+

_|_

S22 (=2faafyeLoefyy + AfofoyeFoyLoe — 2f oy fye Sy foe + Afyy fo foy fo

—  2fusfuyfyefy + 2fanfyFoefayy + FoluafyyFune — 2F2Fyy Frwe fye

— 2y frfye = 2ffuntyfuge — FolyyFomefoy + 2F - Fyyfoe foye + 2 an i,

—  2fefoefayfoye + FoFaafozFopy — 200 Fyefez + 2 eacfyf = 202 Fyfy

2L f2 fygy — AfofoeFayy Foe + 2fos foyFyfyee + 2F-f i Fray — Fo Loz Foyy Foy)
foo 2fpfofy ¥ 2F-foyfoe = 2022, Faye + 202 Fuye £ — 2812, Fy Frny

+ Af2 forfayFoyy + 3F2 FooFoyy foz — 202 Foo FyyFoge + 2F: oy fyFoz

+ fawaza Sy Foz = 312 faw oz Fyyy + 207 faa Fey Fuyz — FouFozfyenfy

—  6fufufiyfor  fouofyefofor — 2f s fonafofon + 2 Fyy fowo e

— forfoagfofoe — J2 Fyyfonfoay — AF2 Faoy fozfoy + 202 FyyFroe foy

— 22 forfurefyz = O fyySafoy — 6= foafpefoy — 6 foafosfonty
Afofuef2yFoe + AL FufyeFoy = 20 foafyy Foz foy = 2faa fyy oz fy [

8 foafysfoyfulee + 2 ooy Foyfyfon + AFsFosfyFoay Fyz — 2Fs Foafogyfu o
— AfforfyFouFoys + AL oo forFyefy — 2F - FoaFoy FoFyoe + 81 FowFyy foo Foz)
F3 (= Feteafoeefuy + 4fun e f20 + Afsa foe Fay Foz = 21 Faw faz oy

—  fofuaaforoy + 2f:foofowefoy + fofoafooyfor — Af g fon S
oSSy — AL fay)

fo (=212 12 Fope + 2F2 foaFogy foe + 2F-fioforfyy — 2 Foaf2y fos

—  2f2 fruy foyfoe + 2F2 Frawfoe Foy — 12 fowfoe Foy Fuz + 452 Fow Foye Foy

6 fofifoe = 212 fuutyefoay — 2f - foafyyfre — 202 F2, Fous + 8Ffraf2)

Af2 furfiy = 312 foafoyyfoy + 202 F2y fawy + AS7 fow fyy oy fo

A f2 fuafyafay = 12 Foua FayFoy + 12 Fopy Faw + F2 Faa Foay Foy — 412 FauFyzFoy-

+ o+

E finalmente,

53 = a[ff (_f;yfxzz_’_nyyfyzfxyz_fyyfzzfxyy_2fwyfyzfyyz+fxyfzzfyyy+fyyfwyfyzz)

+

+

F2 f o fyyForfoyy + 20202 + 2Fuafy foeFyge + 2 Fogy Fon foe

—  Afefyy Loy foge + 2faxfyfoyFoge — 2Fgyfofoyefy = FoofyFoy Foyy

— faakolyeefoy +AT2 fr = Foafyfeefopy — 2f gy fowefyefy — 2 FoyFoz Foyy
+ 3fyyfoyfufoss — 2f-Fyy frayfye + 2f-Fooefry — 2fsafyn e — 2fyu Sy foz
+ 2y foayfyfoe — 200, Folyee + 2fuafon Loy + 2F o fryFyye — A gy Loz fyefoy)
fo CFfsfyyfowolyefy = 2F: FoufyFoay foe — AF=Fyy Foyfy Fowe — 2 Fow Fogy Foefy
AL foalyy foye Ly + 2o foafoeFyfywy — A foo Ly oy Foys + 8= Frafyy Foyfy-
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_|_

_|_

8 fuu fyyfunfysfy — 4fua fyy Fuy fyfoz — 8Fofoyfum + AL oy fy e
212 fopyfay = 2fuecfy foy + AF e FayFouefy — 2faafoysfonfy

12 Foofoy Fywy — FouFyy fozs £y — 2fonfonFuyefy + 3fuw fo fy Fyne
FoyFozafoafy = Fayfy Foo Fazy + 312 Fyy Fay Fooy + 2fyy £ oz Fros
2fuyfy Fonz Fyo + 2fun Fayy £ oo — F2 FoaFyy Foyy — 82 foufuzFoy
Afyy Loy fofas + 81 fyyforfay = 4faafoyfyefy = I frvnfyy)

fy?) (_fxxfxxyfzz+fxxxfzzfxy+2fa:xfxzfxyz+fxxfxzzfxy - IQxfyzz

Iy
_l’_
_l’_
ty

2fux frosfoy)
(412,12, = 2ffuafoyyfoz — Afofon FoySoye + 22 faw Fray fye

2f o f2 Fras2f 2 2+ 2 Fuwy foy foe — Afw foz fop foe

2f 2 fyge — 2fuaf 2 gy + 202 Fon fuy — 2Fee 2 For = 2= Fuwo fye foy)
(= F2 foaFyp Fony + F2 Loy Fowafoy + 382 Fuw foy Fogy + 8. Foa Foy foy fo-
8F 13y foe = 8ot 2fueFuy — T2 Foefyyy + 8F-Fuu f2y Foe — 202 £y fray)

Notemos que ao substituirmos f, =0 = f, = fzy e f. = 1 em & temos

exatamente a expressao do £ dada no capitulo 4.

Agora, queremos calcular as expressoes para as curvaturas afins, para

isso é necessario calcularmos as derivadas do co-normal afim v e do normal

afim £. Denotaremos por v, = (0,1, 041, 0513), vy = (Oyth,0y2,0y13) €

gx = (a:rfl? axf?a 8163)7 gy = (aygb ay£2> ay&’))' Obtemos,

895 1%}

amV2

1 2 2
W : (gxgxxxgyy + gxgxxga:yy - 2g$gmygmazy - 4g;g;cgyy + 4g:v:cgg;y)>

1

4d5/4 ) (gyg:mxgyy + 9y9zaGryy — 29ygxygmy - 4gxygmgyy + 4giiy),

1
4d5/4 ’ (_gac:ca:gyy — YzzGzyy + 29xygarxy)

1 3
W : (gxgmcygyy + ga:gxxgyyy - 2gochygxyy - 4gocygoc:cgyy + 4gxy)7

1 2 2
Ad5/4 (gygm:ygyy + 992 Gyyy — 29yGwyYayy — 4gwmgyy + 4gyyg;py)7

1
T Ade/A (GeayTyy + GaeGyyy — 202y Tayy)

onde as expressoes de gz, Gy, Gzz; Juy € Gyy foram dadas no capitulo 4 e as demais
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derivadas sao

o = Tt IE
' 2B
o _fmxy fyzfmz + 2fa:fa:yz + 2fxzfmy + fxa:zfy
Jzzy = fz + B
+ —2 :ngy - fzzfyzz - fzzfyfzm - zfzzfmfxy - 4fxzfyzfz - 2fa:fa:zzfy
3
+ fg?fzzzfy+6fxzfyfzsz+3fzzf3fyz . 3 fzfq%fy
/2 f?
- _fxyy 2fyzfxy+fzfyyz+fxzfyy+2fxyzfy
Jzyy = fz + 2
. 4fnyyfIz + 2fz2fyfmy + fwzzjﬁ + 2fxfy22fy +2 y2zfm + fZfofyy
3
Bfocfonky +6fyefyfocte + fifofoe  3f210f]
! Iz N
Guyy = _fyyy + '?)fyyzfy +23fyzfyy + _3fZnyfyy o 63y2zfy - nyZng?
fZ fz fz
+ 9fyzfzzfy2 +f§)fzzz . 3 222f5
2 e

As derivadas do normal afim com relacdo a x e y sao

Buly = @ (=126, GrawyGyy + 300G gy Gyy — 399229y yyJayray
— 392aGzyTyyyJazadyy + Tonabsy + 8YnyTrayy T 200sYayyuyYzan
— 79309y GyyyGayy + 1095, 9oy GyyyGary — 359mx9§y9xygmy
+ 2602, GayyGrzaGyy — A9zaTrzyyTyyTay + 4950 GzayGyyy Gy
+ 2 GowGayGayyyGyy + 1200y Yaaoy Ty Yoz + 309, 9r ey Iyy
+ 1892, 92y 9ue — 2402, GuyyGuzy — 4900 GzayyTay — AszaTyIyyy
— 490005, Goyyy — AzwsaTyIus + AsaaeGoyTay + 12000,90y ) -
Oula = @ (=792yGoraToy — 1202, 900 zayy — 12000y Tay + 8YzaayYay
— 2100y GoaToyy T T9oGyyyGayy — 495, YrazaGyy — 1695, GoaeGayy
— 4G5 GayyyTyy + 4900 9ayyy Ty — AzaayTanTay + 289wayToyTeasJyy
+ 4A8Guay Gy GraTayy — JoaTyyyJoasyy — 14900 TyyyTayTaay + T9sayYaeFyJaaa
+ 1500y Gyyayy — 30920y GraGyyGry — 40uaryGayGraGyy + 49y Gaaraiy Gra

+ 1292y9§x9mmyygyy + Swagyyygmwgzy — 1290y GowaGyyJaaJeyy)

1
0:83 = W’(Zlgxgmxmcgsygiy - 4gxgmx9:x92ygxa: + 4g§xgygmyyyg§y
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- -

aygl -

+

+
1

1
16d5/4
1920 GeuGyy + T9zaaGyyJuzy — 219eyGnyGay — 495092y Ty — 169acyGoy Gyyy

A3 9y GryyyGyy + 12059090 ey Toz — 2400 GayyGay Juay + 18000y, Iy Jun
05,9y Frzadry + 309y 9292y ey — 219209y ey Tayy + 39209y 929y,
7gix9y9yyygmyy - 129yy9mgiygmzy - 129m9y9;?£ygmyy - 169mwgyggy9wyy
492 9 Gy Gazzy — 4900y IeGazyy — A9yyTyGazaaTay — A9zaYay Iz Tayyy
AGaaToyTeTyyy — 149259y GyyyTzyTzay — GonTyGyyyYasaTyy
292095y 92 9zyyGzae + 159aeGyyGyTuzyFayy + 19s2GmyTyYasyJaaa

3090 GyyTyYazyay + 489w Gy Gy JoyyTuzy + 8YmyTyYusay

39922 9yy 9o Jwyy Yy Grzy — 129229y GuyGryy Yo Gyy — 39z29wyJuJyyyJusJyy
35gzgxzzg§ygmygxwy + 109m992;y9:v9yyy9my ~ 79392y9:9yyy oy
28Gyy Gy GrzaTayJary + T9x9r0nGny + 4900 GrzyTeGyyyuy

492 9oy G2 GoyyyTyy + 490y 9y TrzasJay Yoz + 89us9yTyyyTrzaTay
12029y Gay YrayyGyy T+ 1200y 929y GazayFza + 2690 Gayy Gy GrasJyy
12929y 92 0y + 89aYzayy Ty — 492y 9yTraayJazTyy — 4929sayyGayJasdyy)

(_129§ygxxyygyy - 129:ca:ga:ygyyygxxygyy - 129274992@3/ + 8g;lygxyyy

—~ 402095, Gyyyy — usayToyJas + AsaayGayTay + 15950 ayy Gy Juay
792492y GysTyyy — 3095200y, IyyIay + 280ea0oyGyyyYayy — Yooz ToyJasJyyy
14020000y GayYayy + 489y GzayGyyYayy — 4920 ayyyTyy Iy

4ggzezg:vygyyyygyy + 89xmgyygyyyg§y + 129xygmyyg§ygm)a

0y&a = W(_Zlggygmwygyy + 129§xgiyy9yy — 39922 YyyJyyJryJzay

N
N
N
N

302 Gry Jyyy oz Gyy + 8y Gaayy + 4002 Guyy Gy Gaze — 35950 GayGyyyJayy
2602002y GyyyFzay — T9zwsuyTeyJasy + 1000y GayyGraayy — AsaTezyyTyyYay
292, 9zayJyyy Iy + 12950 9eyGeyyy Iy + 4gwy9wmyg§ygm + 189§y9§xy9yy
3092, 9y, Tzz — 2405, GoyyJaay — 40anTrayyTay — Azac9ayGyyy + T9asGyy
3giﬂcy95ygm - 4gimgyyyy9yy + 4gix9yyyy9§y - 129xmgiygxyyy)a

1
Dys = M—E,M(—ﬂgﬁygxgxygiw + T92Gea0GsyJozy — T9oeGay 92Ty

_|_

+ o+

309acyTayTayy T 392Gy IyTazy — 129209y TayTzyyy — A900TmyTyJazyy
492 9o 92Gzyyy — AyyTyYasayTay — 29yyy9yTracTay — 49290y 92 Gyyyy
4gxgmcxyg§yg§y - 49xgm:cy9§y9m + 4992cx9y9yyyygiy — 49729y 9yyvy9uy
120309y yy 9y — 2492y Gy Gy Iayy + 182,95 950,950 — 12943992y Grayy
16022y 9oy e 9yyy + 89ay9yTrzyy T 89aTzyyyTny — 399ws9yyTyJuyJeyJayy
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— 12000ayYaGyyyJaeyJyy — 39yyTyYacaTeyTeaTyyy — 120c9yyTay
20229y yyyGrayTyy — 359529y Gyyyay Gy + 159m9§ygxgzyygmy
7922 9yy9aYayyIyyy — 309wz Gyy9aTayy Ty + 28GzaGyTsGyyyJayy
— G2GraabyYrayyy — 14920000y Jayayy + 489yyGe ey JayJryy
— 792 9yYazaFryFzay + 10GyyTyGasaTayTeyy + 2692, 9y JzayJazJyyy
— 492 9yGrayyGacGyy — 292 9uyyyTayTzayy + 495eTey9aGyyyyIyy
+ 492 Gy GreayToyJes + 490y 9yGoaeYayyYae + 120209YGay Gayyy Gy
+ 800GazayyGyyyIay + 120290 YayJazyyJae + T9asTyTuyy)-

Notemos que agora precisamos determinar as derivadas até a quarta

ordem de g, o que implica que temos que calcular as derivadas de f também

até essa ordem. A seguir, exibiremos apenas uma dessas derivadas de g até a

quarta ordem para exemplificar o quanto o calculo direto é caro.

gwxyy

. fxacyy + fxxzfyy + 2fxzfxyy + 2fxxyfyz + 2fxryzfy + 4fxyfxyz
f- 2
fgcacfyyz + 2fmfmyyz
2
2fwzzfyzfy + Qfxacfyzzfy + fxa:fzzfyy + 4fxfacyzzfy + fxzzzfyZ
3
2(fyzfxx + 2f:]cf:]cyz + 2faczfxy + fzzzfy)fyz + 4f:):yfzzzfy + 2fm:}cyfzzfy
2
Qfxzfzfyyz B 4(fyzfm + fyf:vz)fa:yz - 2fzzfmfmyy + Qfxzzfxfyy + f;?fyyzz
/2
Qfxz(nyzfzy + fxfyyz + fxzfyy + 2fxyzfy) - 4fzfyzzfmy - 2fzz x2y

3

4

2(fyefox + 2fafoys + 2fuefoy + Jowafy) oo fy + Afafyee(fye o + Sy fo2)

4

4

2fzzfz(2fyzfa:y + f:cfyyz + fa:zfyy + 2fa:yzfy) + 4(fyzfx + fyf:cz)fzzzfy

f?
4
_2(_2 xszy - fgfyzz - fzzfyfmz - 2fzzfzfzy - 4fzzfyzf:c - 2fxf:czzfy)fyz
f?

/2
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2fzzfz(_4fyzfyf:cz - 2fzzfyfzy - fwzzny - 2f:cfyzzfy —2 y2zfx - fzzfzfyy)

5
_szzfg?fy%fy T 2fx2fzzzfyzfy o 6fy2fzzfmfzzz
f?
2 gz(zfyfzzfxfxy + fyzfa: + fyfxz) - z(fg?fzzzfy + 6fxzfyfzzfx + 3fzzf§fyz)fyz
f?
_2fxzfxf5fzzz - ngggfyy - 4fmzfrfzzfyzfy - fxm Z22fy2
12
~Afofonnfy(fyafo + fyfoz) = 2fasBfucfonfy + 6L yefyforfu + fo fufens)
2
2(_2f§z.fy - fxzfyzz - fzzfyfxoc - 2fzzfocfxy - 4f:czfyzfx - Qfxfxzzfy)fzzfy
2
_fx2fy2fzzzz
:
6f§fzzzf;fzz + 8f:r:z zzzfxny +38 fzfzzfyfyz
f?
A2 fyfe(fyato + fyluz) + 2feafo(Bfusfocfy + 6fyefyfocfo + [} fufezz)
6
2f2feeafy + 6fucfyfocfo + 3Foaf2h ) fonfy  ABEILLSR
f2 T

E por fim, resta calcular os coeficientes (b; j)1<; j<2 do operador forma S

definidos no capitulo 2

bll

b12

I+ +

+ o+ 4

1267 GuvayGyy — 39aaTmyy vy + 399zaGayyTyyJayazy + 39saTuyTyyyYazeJyy
102000y — 890, vy — 2950Geyy9eyGuze + T92aGuyTyyyIevy — 1095002, GyyyGuay
359awaGayJoyJuzy — 2690y TeyyFzaedyy + 49saGzayyTyyIay — A9aaTzayTyyyIyy
492 GayGayyyTyy — 1290y GasayTayToz — 3000y TonyJyy — 180y TayyJua

2407 GoyyGray + 495 GzayyTay + A9zac ey Gyyy + A9z2TayGzyyy

AGsaas9yGoe — AursaTay oy — 12000,90, Gas:

T0eyGaady T 1205, GzaGrayy + 1200090y — 8GraayTny + 2100y 0reGay,
7gimgyyygwyy + 492ygmm9yy + 16ggy9zm9zyy + 492x9wyyygyy - 49izg$yyygiy
AGavayTonTy — 28GzayYayTeaayy — 8YacydoyYacayy + IaeIyyyYazedyy
1492 . Gyyy Yoy Gay — T2y GzaTayJezs — 159ueyToeTyyGayy + 300sy JsaTyyJay
AGuway Ty JoeTyy — 490y Gusaa Ty Toe — 1292y GoezayyIyy

SQxeyyygxmgiy + 1292y Gawz Gyy G Goyy

1292ygmyy9yy + 1292292y Gyyy Jaay Jyy + 129§y9§yy - 89§y9wyyy + 7ga2czgwy9§yy
19000y Goey + 21923920y 95y + 492 9rusy Ty + 16922492, 9usy + 492292y Gyyyy
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+  AG00ayGeyGre — Azaay Yy 9ay — 15GaeGayyTayTeay — T9aeYayyTyyJyy

+ 3002095y, 9yyTzy — 280529y GyyyTeyy T JuvaTayTeaTyyy + 1490saGmy JoyTayy
- 48992cygmygyy9wyy + 4gmgryyy9yy9§y - 4ggxgzygyyyygyy

— SYaealyyGyyyIay — 120ayYaayyJoyYaa

by = 492, GracyTyy — 1295:90yu9yy + 399zaGzyyGyyJayJaay + 39zaGzyTyyyJraJyy
— 80, Yaayy — 952Gy TayTra + 35900 YayGyyyIayy — 26920y Gyyyawy
+  TGsaaGiyGzyFaay — 1095, GayyGaaTyy + 4920 GayyTyyday — 2900 YaeyTyyyIyy
— 126 Yoy GayyyGyy — oy YraryToyae — 18G5, 90eyTyy — 3090y TayyJun
+ 2403 GoyyGacy + 4000 Turyy Ty T A9z0095y Gyyy + 120000y Gayyy — 3YaayYoyJan
- 7g2xg5yy + 495 GyyyuGyy — 49§xgyyyy992cy-

Observemos que ao trabalharmos com o método direto temos um enorme
nimero de derivadas e isso acarreta erros numéricos. O que pode ser visto
claramente nas expressoes do calculo dos coeficientes b;; antes e depois da

transformagao (segao 3.3.2).
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