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<!DOCTYPE html>

<html><head><title>

Mio modello di linearizzazione della Relativita Generale
</title><style type="text/css">

h2 { color:blue; background:yellow }

i { background:#bbffbb; }

b { color:red }

</style></head><body><blockquote>

<ul><li>Riferimento : <a href=
"http://en.wikipedia.org/wiki/Christoffel_symbols">Simboli di
Christoffel </a></1li>

<li>Dove mi occupo di RG : <a href=
"http://www.elegio.it/omnia/rg/">
http://www.elegio.it/omnia/rg/</a></1i>

<li>Questo documento : <a href=
"http://www.elegio.it/omnia/rg/rg20140220.mac.html">
http://www.elegio.it/omnia/rg/rg20140220.mac.html</a></1i>
<1i>T1 risultato stampato in PDF : <a href=
"http://www.elegio.it/omnia/rg/rg20140220.pdf">
http://www.elegio.it/omnia/rg/rg20140220.pdf</a></1i>

</ul>

<h2>Un mio semplice modello per fare RG con molti buchi neri...</h2>
<i>Per usare questo documento con wxMaxima eliminare 1l'estensione
.html e dargli 1l'estensione .mac e poi fare la load di questo
documento e fare tutti i controlli che si desiderano fare...</i>
<pre>

<h2>Modello di
linearizzazione della RG</h2>

<i>
<b>Giampaolo Bottoni - 11 aprile 2010 + spiegazioni nel 20140220</b>

Propongo un modo innovativo per linearizzare ( in modo NON lineare ) le
equazioni della Relativita Generale.

Con questo modello potrei studiare le interazioni gravitazionali

tra buchi neri ed il pregio del modello e' che, nel caso in cui

uno solo dei buchi neri sia nettamente prevalente su tutti gli altri,
le equazioni ottenute tendono ad essere quelle ESATTE ossia tali

per cui il tensore di Ricci risulti ovungue nullo.

Nelle vicinanze di un singolo buco nero l'azione del buco nero e'
nettamente prevalente rispetto a quelle di tutti gli altri e dunque
questo modello fornisce una ottima approssimazione delle equazioni della
RG tanto migliore quanto piu' la RG si discosta dal classico modello
gravitazionale newtoniano.

</i>

<i>In altre parole , con questo modello si fanno muovere i buchi neri
come se cilascuno di essi non influenzasse la metrica prodotta

da tutti gli altri e poi, in questo modo si puo' studiare

il moto di un pianeta nello spazio deformato da tante Stelle,

non un solo Sole...</i>
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(%1i1) (if atom(lg) then load(ctensor));
(%01)
C:/PROGRA~2/MAXIMA~1.2/share/maxima/5.31.2/share/tensor/ctensor.mac

{T <i>Inizializzo cosi' la libreria ctensor di wxMaxima.</i>

" (2i2) init_ctensor ();
%$02) done

<i>Definisco una funzione del tutto generica delle coordinate oltre
alla funzione di servizio rqg.</i>

- (%13) rg:x"2+y"2+z"2;

(%03) 22+y2+x2

;7 <i>La funzione U(x,y,z) del tutto generica e' ricavata dalla
classica funzione potenziale newtoniana.
Specifico genericamente le variabili da cui dipende.</i>

~ (%1i4) depends (U, [x,y,2]);
(504) [U(x,y,2z)]

{T <i>La funzione b mi serve solo per semplificare 1'input.</i>
($15) b:U/(U-1);
(%5035) 7
%0 —
U-1
[

1 <h2>Ecco la proposta !</h2>

N

<i>Di una semplicita' APPARENTE estrema...</i>

7 (%16) lgmia: matrix (
[ 1_Ur OIOIO ]r
[ 0,-14b*x"2/rqg,b*x*y/rq, b*x*z/rq 1,
[ 0,b*x*y/rq,-1+b*y"2/rq,b*y*z/rq 1,
[ 0,b*x*z/rqgq,b*y*z/rq,-1+b*z"2/rq]l);
1-U 0 0] 0]
0 X2U 1 xyU xzU
(z2+y2+x2)(U-1) (z2+y2+x2)(U-1) (z2+y2+x2)(U-1)
(%06) 0 xyU y2u 1 yzU
(z2+y2+x2)(U-1) (z2+y2+x2)(U-1) (z2+y2+x2)(U-1)
0 xzU vzU z2 U 1
(z2+y2+x2)(U-1) (z2+y2+x2)(U-1) (z2+y2+x2)(U-1)
;7 <i>Dichiaro alla libreria ctensor che faccio uso di coordinate
cartesiane</1i>
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x5

i7
(%307) [t,x,y,z]

deve chiamare lg.</i>

) ct_coords: [t,x,y,z];

- (%18) lg:ratsimp(lgmia);

(z2+y2)U-2z2-y2-x2

xyU

3/ 31

<i>In base alle esigenze della libreria ctensor di cui ho
fatto i1l load, inizializzo il tensore metrico covariante che si

xz U

(22+y2+X2)U7227y27X2

(22+x2)U7227y27x2

(22+y2+x2)U*227y27x2

(22+y2+x2)U*227y27x2

vzU

vzU

(22+y2+X2)U7227y27X2

(22+y2+x2)U*227y27x2

(y2+X2)U7227y27X2

covariante.</i>

oo

L (%$19) cmetric();
(%$09) done

Ey(%ilO) uug:ugs

77(%i11) ug:ratsimp (uug) ;

1-U 0
0
(%08) 0 xy U
(22+y2+x2)U*227y27x2
xz U
0
(22+y2+x2)U*227y27x2

<i>Cerco di semplificare il piu'
tensore metrico controvariante</i>

(22+y2+x2)U*227y27x2

1
-— 0 0 0
Uv-1
X2U7227y27x2 xyU xzU
z2 +y2 +x2 22 +y2 +x2 22 +y2 +x2
(%011)
2 7_,2_,2_

0 xyU ycU-z v X vzU
z2 +y2 +x2 22 +y2 +x2 22 +y2 +x2

0 xzU vzU zszzzfyzfx2
z2 +y2 +x2 22 +y2 +x2 22 +y2 +x2

(22+y2+X2)U7227y27X2

<i>Calcolo la metrica ovvero il tensore metrico controvariante
che deve essere la matrice inversa del tensore metrico

possibile 1'espressione del

<i>Anche se non serve ora faccio vedere che 1lg ed ug sono
una la matrice inversa dell'altra...</i>
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7 (%i12) ratsimp(ug . 1g);
1 0 0 O
01 0 O
(%3012)
0 0 1 0
0 0 0 1

- 2 <h2>Per capire se 1'ideuzza va bene...</h2>

<i>Ora calcolo i simboli di Christoffel di prima e seconda specie
visualizzandoli tutti. Attenzione alle regole della libreria ctensor
che mette come terzo indice quello che di solito viene scritto come
primo indice.</i>

N N

<b>Viene fuori una SBRODOLATA PAZZESCA ma QUESTA E' LA RG, bambola !</b>
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' (2113) christof(all);

(%t13) lC51,1,2=
(%t14) lC51,1,3=
(%t15) lC51,1,4=
(%t16) lcsll2,1=———
(%t17) lcsll3,1=———

(%t18) lCSll4,1=—7

(%t19) lCS2,2,2=

((z24y2)U-22-y2-x2) ((z2+y2+x2)(Uyg)+2 x U—2 X) (z2+y2)(Uy) -2 x

((Zz+y2+X2)U_Zz_y2_X2ﬁ (z2+y2+x2)U-2z2-y2-x2

2

(z2+y?)U-22-y2-x2)((22+y2+x®)(U,)+2 y U-2 y)
(%t20) lCS2,2,3=( +

2
(22 +y2+x2) U-22 —y2 —x2)

2

(z2+y2)(U)+2y U-2y 2xyU((z°+y°+x°)(U)+2 x U2 x)
+

2 2 2 2 2 2 2
(z°+y°+x°)U-2° -y -x (22 +y2+x%)U-2z2-y? -x?)

2xy(Uy) , 2y U ) /2
(22 +y2+x2) U-z2 —yz—xz (22 +y2+x2) U-z2 —yZ—XZ

(z22+y2)U-22-y?-x?) (22 +y?+x°)(U,)+2 2z U-2 z)
(%t21) lCS2,2,4=( +

2
((22+y2+x2) U—zz—yz—xz)

(22 +y2)(U)+22U-22z 2xzU((22+y%+x%)(U,)+2 x U-2 x)

+

2 2 2 2 2 2 2
(z°+y°+x°)U-2° -y -x (22 +y2+x%)U-2z2-y? -x?)

2xz(Uy) 2 72U
* )/ 2

(22 +y2+x2) U-z2 —yz—xz (22 +y2+x2) U-2z2 —yZ—XZ

(%t22) lC82,3,2:

((z22+y2) U-22-y2-x2)((22+y2+x2)(Uy)+2y U-2y) (z2+y2)(U,)+2y U-2y

(22432 +x2) U-22 —y2 —x2)? (z24y2+x2) U-z2-y2 —x2

2
(%t23) lCS2,3,3=

((z2+x2)U-22-y2-x2)((22+y?+x°) (Ux)+2 x U=-2 x) (22+x2)(Uy)+2xU-2 x

((Zz+y2+X2)U_Zz_y2_X2ﬁ (z2+y2+x2)U-2z2-y2-x2

2
XyU((ZZ+y2+X2)(UZ)+ZZU—2Z) xy(U,)
(%t24) _ZCS2 3.4 ( _
((22+y2+X2)U—ZZ—y2—X2f (z2+y2+x?)U-z? -y? -x?
XzCH(22+y2+x2H[®)+2y'U—2y) xz(Uy)

{ p—

2 2 2 2 2 2 2
(z2+y°+x%)U-z% -y?-x?) (z9+y“+x°)U~-z"-y“-x

~ ~ ~
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" <i>Provo a semplificare una delle componenti del

| simbolo di Christoffel di seconda specie.</1i>
?7(%i61) ratsimp(mcs[2,2,2]);

(%061) (x3 z U(UZ)+X3 )% U(Uy)+((—2 x2 72 -2 x2 y2—x4) U+x2 72 +x°2 y2+x4)(UX)

+(2x22+2 xyz)U3+(—4x22—4 xyZ)U2+(2x22+2 xyZ)U)/(
(2 Z4+(4y2+4 x2)22+2 y4+4 x2 y2+2 x4)U2+
(-4 z%+(-8y?-8x%)z?-4yt-8x?y?-ax*)U+2 z*+(4 y?+4 x?) z?°+2 y*+4 x? y?

 +2x%)

" <i>Creo il tensore di Riemann sopprimendo 1l'output che

probabilmente sarebbe troppo lungo per essere stampato.</i>

N

(%162) riemann(false);
(%062) done

<i>Ora faccio lo stesso calcolando 1l tensore di Ricci.</1i>

(%163) ricci(false);
(%063) done

<i>0Ora trasformo 1l tensore di Ricci in matrice.</i>

N TN NN

($164) mat_ricci: ratsimp( matrix(

[ ric[l,1],ric[l,2],ric[1,3],ricI[1,4]1],
[ ric[2 1] ric([2,2],ric[2 3] ricl[2,4]7,
[ ricI3 ,1] ric([3,2],ric[3 ,3] ric([3,4]7],
[ ric[4,1],ric[4,2],ric[4,3],ric[4,41]))S

<i>Innanzi tutto controllo che i termini non diagonali della
prima riga e colonna siano degli zeri.</i>

77(%i65) forsezeri: [ratsimp(ric[2,1]),ratsimp(ric[3,1]),ratsimp(ric(4,1]),
ratsimp(ricll,2]),
ratsimp(ric[1,31])
ratsimp(ricll1,4])];
(%065) [0,0,0,0,0,0]

{T <b>Splendido ! ottengo una lista di 5 zeri !</b>

<i>Controllo che il tensore di Ricci sia un tensore simmetrico...
come da manuale ma se uno vuol fare il san Tommaso...</1i>

77(%i66) certozeri: [ratsimp(ric[2,3]-ric[3,2]), ratsimp(ric([2,4]-ric[4,2]),
ratsimp(ric[3,4]1-ric[4,31) 1;
($066) [0,0,0]

{T <b>Splendido ! ottengo 3 zeri !</b>
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7 <i>Questi non sono zeri ma se la funzione U(x,y,z) assume

dei valori adeguati lo debbono diventare...
Intanto 1i stampo... per far capire gquanto sono complicati...</i>

7 ($167) ratsimp(ricll,11);

(5067) (22 UP+(=2 22 ~y2 ~x2)U+22+y2+x2)(U, )y +x%)(U,)* +

z Z

(—2 v 2(U,) -2 x2(Uy)+2 2 0%-2 2 U)(Uz)+(y2 U2 +(-22-2 y2-x2)U+22+y2 +x2)

(Uy ) H2y 2U02-2y 2 UNU, )+ 22 +x2) (U2 +(-2 x y (U)+2 y U2 -2 y U)(U, )+

v)

(x2 U%+(-z%-y?-2 x2)U+22+y2+X2)(UXX)+(2 xzU?-2xzU) (U, )+

X Z

(2xy U2-2xy UNU, ) Hz2+y2) (U2 +H2 x U2 -2 x U)(U,)) / ((2 z°+2 y?+2 x°)U

Xy X

| 2 z%-2 y2—2 x2)

7 (%$168) ratsimp(ricl[2,2]1);

(%068) ((x2 z2 U2 +( -2 x% z2-x2 y2—X4) U+x? z2+x2 y2+x4)(UZZ)+

(-x2 22 U+x? 22 +x% y2+x4) (U + (-2 %% y z U(U,)+
((2x 2342 xy2 2)U-2x 2>+ -2 xy? -2 x3) 2)(U)H2 z3+2 y? z) U3 +

(=6 23-6 y2 2)U2+(6 z34+(6 y2+2 x2)2)U-2 z3+(-2 y2 -2 x%) z) (U )+

)
z
(x2 2 U2 4(-x222-2 x2 y2 _x" U+x2 22 +x2 y2 1 x4 (U, )12 x2 y 2 U2-2 x2 y z U)

)2

Yy

(U, )+ —x°% y?2 U+x? z°+x° y2 +x4) (U )"+ (

YZ) Yy
(2 xy z2+42 xy3)U—2 Xy z%-2 xy3—2 X3y)(UX)+(2y22+2 v ud+
(—6y22—6 y3)U2+(6y22+6 y3+2 XZY)U—ZYZZ—Z y3—2 xzy) (U, )+
(-2 x2 z2 -2 x? y2—x4)U2+(3 x2 72 +3 x? y2+2 X4)U—X2 72— x?2 y2—X4)(U

xx)t

(-2 x2z°-2xy2 2)U%+HA4xz3+(4 xy°4+2 x3)z)U-2x 22+ -2 x y?-2 x3) z)(U, )+

xz
((-2xy z2-2 xy3)U2+(4xy z2+4 xy3+2 x3y)U—2 Xy z2-2 xy3—2 x3y)(UXy)+
(mz%-2y2 22—y Uu+zt+H2 y2+x%) 22 +y* +x2 y2) (U + (2 x 22 +2 x y2) U3 +
(-8x2z2-8xy?-2x3)U%+10x22+10xy?+6 x>)U-4xz°-4xy?-4x7) (U )+
(2 2242y Ut+(-6 226 y2) U +(6 22 +6 y2 ) U2 +(-2 22 -2 y?)U) / (

(2 Z4+(4y2+4 X2)22+2 y4+4 x2 y2+2 X4)U3+

(-6 z4+(—12 y2—12 X2)22—6 y4—l2 x2 y2—6 X4)U2+

(6 z4+(12 y2+12 x%) z%+6 y4+12 x? y2+6 x)U-2 z4 +(-4 y2 -4 x%) 22 -2 y4 -4 x°
vZ-2x%)
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7 ($169) ratsimp(ricl[3,31);

(%069) ((y2 z?2 U2+(—2 y2 22—y4—x2 y2) U+y2 22+y4+x2 y2)(UZZ)+

(—y2 z2 U+y2 22+y4+x2 y2)(UZ)2+(((2yz3+2 XZyZ)U—2yZ3+(—2 y3—2 xzy)z)
(Uy)—2 Xy2 zU(Ug)+(2 z3+2 x? Z)U3+(—6 73 -6 x? Z)U2+(6 Z3+(2 y2+6 X2)Z)U—2
z234H(-2 y?-2x%)z) (U,)+

((=2 y2 22—y4—2 x? y2)U2+(3 y2 z%+2 y4+3 x? yZ)U—y2 22—y4—X2 y2)(Uyy
((—2yz3—2 XZYZ)U2+(4YZ3+(2 y3+4 xzy)z)U—2y23+(—2 y3—2 xzy)z)(U

)+
yz)*
(—z%4-2 %2 22— xNY U+z4+H(y2+2 x%) z2 +x2 y2+x4)(Uy)2+(

(2 xy z2 42 x3y)U—2 Xy z2-2 xy3—2 X3y)(UX)+(2y22+2 xzy)U3+
(-8yz2-2y3-8x2y)U%+(10y 2246 y>+10 x2 y)U-4 y 22 -4 y3 -4 x2 y ) (U,)+
(x2 y2 U2+(—y2 22—y4—2 x2 yZ)U+y2 22+y4+x2 y2)(UXX)+(2 xy2 z U%-2 xy2 z U)
(Ui )+(( -2 xy22—2 x3y)U2+(4 xy22+2 xy3+4 x3y)U—2 xy22—2 xy3—2 x3y)
(Uygy)H —x% y? U+ty? 2% +y* +x* vINU )+

((2x22+2 X3)U3+(—6X22—6 X3)U2+(6X22+2 xy2+6 X3)U—2X22—2 xy2—2 X3)
(U )+(2 2242 x?) U +(-6 22 -6 x?) U +(6 2246 x?)U?+(-2 z° -2 x*)U) / (

(2 Z4+(4y2+4 x2)22+2 y4+4 x2 y2+2 x4)U3+

(-6 z4+(-12 y?2-12 x%)z? -6 y*-12 x? y2 -6 x*)U? +

(6 z44+(12 y2+12 x?) z2+6 y*+12 x2 y2+6 x*)U-2 z4+(-4 y? -4 x%) z2 -2 y* -4 x?
y?-2x*%)
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7 ($170) ratsimp(ricl4,4]);
(%070) - (((z*+(2 y?+2 x%) z2) U?+((-3 y? -3 x?) z? -2 z*) U+z* +(y? +x?) 2?)
(UZZ)+((y4+2 x2y2+x4)U+(—y2—x2)z2—y4—2 x2y2—x4)(UZ)2+(

(-2 y3-2x2y)zU+2 y z3+(2 y>+2 x% y) z) (U, )+

v)
(-2 xy?-2x2)zU+2x 23 +(2 xy?+2 x3) z2)(U )+ -2 y? -2 x%) z U3 +
(2 23 +(8 y?+8 x2) z)U?+((-10 y?-10 x%) z-6 z3)U+4 z> +(4 y?> +4 x%) 2z ) (U,)+

(—y2 z2 U2+(z4+(2 yz+x2)22)U—z4 (—y2—x2)22)(Uyy)+

(2y°+2x*y)zU%+((~4y -4 x?y)z-2y 2 )U+2y 22 +(2 y>+2 x% y) 2)(U, )+
(y? z? U—z4+(—y2—x2)22)(Uy)2+(2 xy z° U(Ug)+(-2 y3-2x2y)ud+

(6 y°+6 x> y)U2H( -2y 2 -6 y° -6 x> y)U+2 y z°+2 y>+2 x% y ) (U)+

(—x2 z2 U2+(z4+(y2+2 xz)zz)U—z4 (—y2—x2)22)(UXX)+

(2 xy?+2x3)zU%+((-4xy?-4x3)z2-2x22)U+2 x 23 +(2 x y2 +2 x°) 2)(Uy )+

(2 xy z2 U-2 Xy z2 UZ)(UXY)+(X2 z2 -zt (—y2—x2)22)(UX)2+

(-2 xy2—2 x3)U3+(6 xy2+6 x3)U2+(—2x22—6 xy2—6 x3)U+2x22+2 xy2+2 x3)
(U)+(=2 y? -2 x2) U +(6 y2+6 x?) U3 +(-6 y? -6 x?>)U* +(2 y?+2 x*)U) / (

(2 Z4+(4y2+4 x2)22+2 y4+4 x2 y2+2 x4)U3+

(-6 z4+(—12 y2—12 x2)22—6 y4—l2 x2 y2—6 x4)U2+

(6 z4+(12 y2+12 x%) z%+6 y4+12 x? y2+6 x)U-2 z4 (-4 y2 -4 x%)z2 -2 y4 -4 x?

y?-2x%)
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e

($171) ratsimp(ricl[2,31);

(%071) ((xy z? U2+(—2 Xy ZZ—Xy3—X3 y)YU+xy 22+xy3+x3 yI(U, )+

3

(-xy z?U+xy 22+Xy3+x3y)(UZ)2+ (x z3+(x>

—xyZ)Z)U—x z3+(—xy2—x3)z)

3

(U)+(y 22+ y?

3

—XZY)Z)U—YZ3+(—Y —XZY)Z)(UX)—2 xyzU3+6 xyzU2—4xy

ZU)(UZ)+((—xy22—x3y)U2+(xy22+x3y)U)(U )+

Yy

3

2 3 3 2 3 3 2 3 2
((xy“—-x")z-xz")U*"H2xz"+2 x> z)U-xz"+H-xXy“—-Xx )Z)(Uyz)+(xyz

+x3y)

U(U )+ ((—zf+H—y?-x?) 22 -2 22 y2) U+z* Hy? +x?) 22 (U ) -2 x y? US +

(—x22+5 XYZ—X3)U2+(2XZZ—2 xy2+2 X3)U—X22—Xy2—x3)(U )+

Yy

2

((-xy 2z —xy3)U2+(xy22+xy3)U)(U +

XX)

(x> y-y3)z-y 2 YU+ 2y 23+2 ¥y 2) U~y 23 +(-y> -x° y) 2) (U, )+ (

((—y2—x2)22—y4—x4) U2+((2 y2+2 x2)22+2 y4+2 x? y2+2 X4) U+(—yZ—X2)22—y4

-2 x% y2-x4) (Ugxy)H(xy z24+x y3)U(U )2 +

X

3ox?y)(U,)-2

(-2 Xsz3+(—y 22—y3+5 Xzy)U2+(2y22+2 y3—2 XZY)U—Y 22—y
Xy ud+6 Xy U3-6 Xy U2+2 xyU)/ (2 z4+(4y2+4 x%) z%+2 y4+4 x2y2+2 xhH Ul
-6 z4+(-12y?-12x%)z%-6 y*-12 x% y? -6 x*)U? +

(6 z44+(12 y2+12 x%) z2+6 y*+12 x?2 y2+6 x*)U-2 z4+(-4 y? -4 x%) z2 -2 y* -4 x?
y?-2x*)
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7 ($172) ratsimp(ricl[2,4]1);

2

(%072) - (((xy2+x3)z U2+(—xy2—x3)z U)(UZZ)+(—xy2—x3)z U(U,)"+ (
((xy Zz—xy3—x3y)U+xy 22+xy3+x3y)(Uy)+
(((y2+2 x2)22+y4+x2 yZ)U—y2 22—y4—x2 y2)(UX)+2 x z2 U3 +(—-5 x22+xy2+x3)
U2+(2 x z2-2 xy2—2 X3)U+XZZ+Xy2+X3) (U,)+

3 3

(—xy22U2+(xz +(2 Xy2+x3)z)U—xz +(—Xy2—x3)z)(U +

YY)
((—xy22+xy3+x3y)U2+(—2 xy3—2 X3y)U+xy22+xy3+x3y)(U
3

vzt
(xy2 zU-xz +(—xy2—x3)z)(Uy)2+

((((Xzy—y3)z—y 23)U+y z3+(y3+x2y)z)(UX)+2 Xy z Us-6 Xy zZ U2 +4 Xy z U)

3 2

(Uy)+((xz +xy2 Z)U2+(—X Z3—xy2 zZ)U)(Ugy)+ ((z4+y2 22 +x2 y2+x4)U2+

(-2 z%+(-2y?2-2x2)22-2x2 y2 -2 x")YU+zt+(y?+2 x%) 22 +x° y2 +x% ) (U, )+

(y 22 Hy  =x? y)2) U2 H( -2y 27 -2 y> 2) Uty 27 +Hy  +x% y) 2)(Uy )+
3 2 2

(—xz 7 —-xy®z)U(Ug)" +

(2 x2 zU3+H( 23 +H(y? -5 x%)2) U +((2 x° -2 y2)2-2 23 ) U+23 +(y? +x%) 2) (U, )+2 x 2

U4—6XZU3+6XZU2—2XZU)/((2 z4+(4y2+4x2)z2+2y4+4x2y2+2x4)U3+

(-6 z4+(—12y2—12x2)22—6y4—l2x2y2—6 x4)U2+

(6 z4+(12 y2+12 x%) z%+6 y4+12 x? y2+6 x)U-2 z4 (-4 y2 -4 x%) z2 -2 y4 -4 x?

y?-2x%)
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7 ($173) ratsimp(ric([3,4]);

i 2

(5073) = ((y 3 +x2 y)z U2 +(-y 3 -x2 y) z UV U, )+ -y>-x% y) z U(U,)" + (

(((2 y2+X2) 72 +x2 y2+x4) U-x2 z2-x2 y2—X4)(Uy)+

((xy Zz—xy3—x3y)U+xy 22+xy3+x3y)(UX)+2 0% z2 U3+(—5y 22+y3+x2y)U2+
(2y22—2 y3—2 X2y)U+y 22+y3+X2y) (U,)+((y z3+x2yz)U2+(—y 23—x2yz)U)

)+ ((z4+x2 22+y4+x2 y2)U2+(—2 Z4+(—2 y2—2 x2)22—2 y4—2 x2 y2)U+z4+
)2

(Uyy

(2 y?+x?) 22 +yt+x2 y2) (U, )H(-y 22 -x% y 2) U(U,)* + (

Yy
(((xyz—x3)z—x Z3)U+X Z3+(xy2+x3)z)(UX)+2 y2 z U3+(z3+(x2—5 y2)z)U2+

(2 y2-2x2)z=-2 23)U+zHy2+x%)z) (U, )+

y)
(-x2y zU%Hy 22 Hy3+2 x2 y)2)U-y 23 4(-y3 -x% y) 2) (U )+
((-xy 22+xy3+x3 V) U2 +(-2 xy3—2 x3 y)YU+xy 22+xy3+x3 vI(Ug )+

3

((x Z3+(x3—xy2)z)U2+(—2 x z3-2 x3 z)U+x z +(xy2+x3)z)(U +

Xy)

(xzyzU—yz3+(—y3—x2y)z)(UX)2+(2 xyzU3—6 xyZU2+4 xyzU)(Uy)+2y z
U4—6yzU3+6yzU2—2yzU)/((2 z4 44 y2+a x%) 2242 yira x2 y2 42 xH U+
(-6 z4+(-12 y?2-12 x%)z? -6 y4-12 x? y2 -6 x*)U? +

(6 z44+(12 y2+12 x?) z2+6 y*+12 x2 y2+6 x*)U-2 z4+(-4 y? -4 x%) z2 -2 y* -4 x?

 y?-2x%)

- 3 <h2>Nel caso di un singolo buco nero...</h2>

K <b>Questo deve giustificare la mia proposta di generalizzazione</b>

" <i>Ora mi preparo a specificare cosa deve valere la

funzione U(x,y,z) per fare in modo che la metrica sia

quella di un singolo <b>buco nero neutro ossia sia la metrica
di Schwarzschild.</b></i>

' (5i74) vOn:2*m/rg™(1/2);
2m

- 22 +y2 +X2

K <i>Specifico tutte le derivate di primo e secondo ordine.</i>

(%3074)

($175) vxn:ratsimp(diff (vOn,x));

2mx
(%075)

3/2
(22+y2+X2)/

" (%176) vyn:ratsimp(diff (vOn,y))$

" (%177) vzn:ratsimp(diff (vOn,z))$
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($178) vxxn:ratsimp(diff (vxn,x));
\/Zz+y2+X2 (2mz?+2 my2—4mX2)

z® +(3 y2+3 x%) z%+(3 y4+6 x? y2+3 x4)22+y6+3 X2y4+3 X4y2+x

(%078)
6

($179) vyyn:ratsimp(diff(vyn,y))$

[o)

($180) wvzzn:ratsimp(diff(vzn,z))$

(%$181) vxyn:ratsimp(diff (vxn,y));
6mxy

«/22+y2+x2 (z4+(2 y2+2 x2)22+y4+2 x2 y2+x4)

(%081)

(%$182) vxzn:ratsimp(diff (vxn,z))$

(%$183) vyzn:ratsimp(diff(vyn,z))$

NN TN NN TN N

<i>0Ora sostituisco alle derivate alcuni simboli ossia
uso v0, vx, vy, vz, VXX, VXY, Vzz, VXY, VXZ, VyZ.
Inizio la procedura con ricll,1]1</i>

N

($184) rics:ratsimp(ricl[1l,1]);
(%084) ((z2 U%+(-2 22 -y2 -x2 ) U+z2+y2+x°)(U, ) Hy? +x2)(U,)* +
(—2}fz(Uy)—22§z(Ux)+223U2—2 ZLO(UZ%H)/2U2+(—22—2_y2—x2)U+22+y2+x2)

2y z U2—2_yzzU)(U

(U yvz)

Hz2+x2) (0,2 H(-2 x y (U )+2 y U2 -2 y U)(U,)+

yy ) H y

(x2 U2+(—22—y2—2 x2)U+22+y2+x2)(UXX)+(2 xzU?-2xz U (U, )+

(2xy U2-2xy UNU, )Hz2+y2) (U2 +H2 x U2 -2 xU)(UL)) / ((2 z°+2 y?+2 x°)U

Xy

| -22z?-2y?-2x?%)

(%$185) ricl:ratsimp(subst (vx,diff(U,x),rics))S$

(%$186) ric2:ratsimp(subst(vy,diff(U,y),ricl))s$

(%$187) ric3:ratsimp(subst(vz,diff(U,z),ric2))$

(%$188) ricd:ratsimp(subst (vxx,diff(U,x,2),ric3))s

(%$189) rich:ratsimp(subst(vyy,diff(U,y,2),ric4d))s

(%$190) rico6:ratsimp(subst(vzz,diff(U,z,2),rich5))s$

(%$191) ric7:ratsimp(subst (vxy,diff(diff(U,x),y),ric6))S$S
(%$192) ric8:ratsimp(subst (vxz,diff(diff(U,x),z),ric7))$

(%$193) ricY9:ratsimp(subst(vyz,diff(diff(U,y),z),ric8))S$

r~“ rNy rNrNrNrN PN PN N
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77(%i94) rica:ratsimp(subst(v0,U,ric9));

i 2y 524

(%094) H(V02—2‘V0+1)VZZ+(1—V0)Vyy+vy2+(l—V0)Vxx+VX z

(((2 v0? =2 v0)vyz—-2 vy vz) y +((2 v0? =2 vO) vxz -2 vx vz) x+(2 v0? =2 v0) vz) z +
(CL—VO)sz+V22+(V02—2 VO+1)Vyy+(l—v0)vxx+VX2)y2+

(((2 v0? -2 v0) vxy —2 VXXQ/)x+(2‘v02—2 vO)vy)y+
((1-—V0)sz+v22+{1-—v0)vy@%+vy2+(V02—2 VO#CL)VXX)X2+{2 v0%-2 vOo)vx x) / (
(2 v0-2)z?+(2 v0-2)y?+(2 v0-2) x%)

7 <i>Ora sostituisco ai simboli le vere funzioni dedotte

a partire da vOn.</i>

(%195) ricln:ratsimp (subst (vxn,vx,rica))$
(%$196) ric2n:ratsimp (subst (vyn,vy,ricln))s$
(%197) ric3n:ratsimp (subst(vzn,vz,ric2n))$
(%198) ricédn:ratsimp (subst (vxxn,vxx,ric3n))$
($199) ricbn:ratsimp (subst (vyyn,vyy,ricén))s$
($1100) ricé6n:ratsimp (subst(vzzn,vzz,ric5n))s$
($1101) ric7n:ratsimp(subst (vxyn,vxy,ricén))s$

($1102) ric8n:ratsimp(subst (vxzn,vxz,ric7n))$

Mr“- W r~N rNrNrNrN PN PN N

($1103) ricY9n:ratsimp(subst (vyzn,vyz,ric8n))s$

E(%iMM) rican:ratsimp (subst (vOn,v0,ric9n))$

- 4 <h2>Questi sono controlli

importantissimi...</h2>

7 <i>Ecco 11 TEST CRUCIALE: sostituendo e sostituendo alla
fine viene zero o cosa vien fuori ?</i>

" (%1105) ratsimp(rican);
(%0105) O

{T <b>Splendido: ottengo zero !</b>

{T <i>Ripeto tutta la procedura con ricl[2,2]</i>
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L ($1106) rics:ratsimp(ric([2,2]);
(50106) ((x? 22 U?+(-2 x? 2?2 -x? y?2 —x*)U+x? 22 +x% y2 +x*) (U, )+

(—X2 22 U+x2 z2 +x° y2+x4)(UZ)2+ (—2 x2yz U(Uy)+
((2x 2342 xy2 2)U-2x 2>+ -2 xy? -2 x3) z2)(U)+H2 z3+2 y? z) U3 +

(=6 22-6 y2 2)U2+(6 z34+(6 y2+2 x2)2)U-2 z3+(-2 y2 -2 x%) z) (U, )+

z)

(x2 2 02 4(-x2 222 x2 y2 _x" U+x2 22 +x2 y2 1 x4 (U, )12 x2 y 2 U2-2 x2 y z U)

Yy
(U +(—X2y2 U+X2 22+x2y2+x4)(U )2+(

YZ) Yy
((2 xy22+2 xy3)U—2 xy22—2 xy3—2 X3y)(UX)+(2y22+2y3)U3+

(—6y22—6 y3)U2+(6y22+6 y3+2 Xzy)U—2y22—2y3—2 Xzy)(Uy)+

(=2 x2 z2 -2 x? y2—x4)U2+(3 x2 72 +3 x? y2+2 X4)U—X2 72 - x? y2—x4)(UXX)+
(-2x23-2xy? 2) U+ 4 x23+4xy°+2x3)2)U-2x23+(-2 xy? -2 x°) 2)(U, ,)+
((-2xy z% -2 xy3)U2+(4xy z%+4 xy3+2 x3y)U—2 Xy z%2 -2 xy3—2 X3y)(UXy)+

(—z%-2y2 22—y Utz +(2 y2+x%) 22 +y P +x% y2 ) (U )%+ (2 x 22 +2 x y?) U +
(-8 x2°-8xy?-2x>)U?+10x2z°+10 xy?+6 x>)U-4xz°-4xy? -4 x3) (U )+
(2 2242y Ut+(-6 226 y2) U +(6 22 +6 y2 ) U2 +H(-2 22 -2 y?)U) / (

(2 Z4+(4y2+4 x2)22+2 y4+4 x2 y2+2 x4)U3+

(-6 z4+(—12 y2—12 x2)22—6 y4—l2 x2 y2—6 x4)U2+

(6 z4+(12 y2+12 x%)z%+6 y4+12 x? y2+6 x)U-2 z4 (-4 y2 -4 x%) 22 -2 y4 -4 x?
vZ-2x%)

K ($1107) ricl:ratsimp (subst (vx,diff (U, x),rics))$

K (1108) ric2:ratsimp (subst (vy,diff(U,y),ricl))$

K ($1109) ric3:ratsimp (subst (vz,diff(U,z),ric2))$

K ($1110) ricd:ratsimp(subst (vxx,diff (U, x,2),ric3))s

K (i111) ric5:ratsimp (subst (vyy,diff(U,vy,2),ric4))$

K ($1112) rico6:ratsimp(subst(vzz,diff(U,z,2),rich5))s

K ($1113) ric7:ratsimp (subst (vxy,diff(diff(U,x),vy),ric6))s
K ($1114) ric8:ratsimp (subst (vxz,diff(diff(U,x),z),ric7))s

K’ua¢15> ric9:ratsimp (subst (vyz,diff (diff(U,y),z),ric8))$
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L

L ($1116) rica:ratsimp(subst(v0,U,ric9));

(30116) — ((v0-1)vx? z%+
((2-2 v0) vx vZz+(2 v02 -4 v0+2) vxz) x+( -2 v0° 46 v0% -6 vO+2) vz) z-+ ((2 vO—-2)

vx? y2H((2-2 v0) vx vy +(2 V0% -4 vO+2) vxy ) x+( -2 vO> +6 v0% -6 vO+2) vy) vy +
((—V02+2 vO0-1)vzz+( VO—l)VZ2 +( VO—l)Vyy—Vy2 +( 2 v0? -3 V0+1)VXX—VX2)X2+
(-2 v03 +8 v02-10 vOo+4)vx x—2 v0?+6 v03 -6 v02+2 v0) 22+(

((2-2 vO) vx vz+(2 vO? =4 vO+2) vxz) x+(-2 v0> +6 v0% -6 vO+2) vz) y° +

(2 vOvy vz+(2 vO0-2 V02)Vyz)x2 yH2vxvz+(2-2 VO)VXZ)X3+(2—2 v0) vz x2) z +
(vO-1)vx? y4+

(((2-2 v0)vx vy +(2 v02 -4 vO+2) vxy) x+( =2 V0> +6 v0% -6 vO+2)vy) y> + (

2)x2+

((VO—l)sz—VZ2 +(—V02+2 v0-1) vyy +( VO—l)Vy2 +(2 v0? -3 vO+1l) vxx—vx
(=2 v02+8 v02-10 vO+4) vx x—2 v0*+6 v0> -6 v02+2 v0) y*+
(2 vxvy+(2-2 VO)ny)X3+(2—2 v0) vy X2)y+
((VO—l)sz—VZ2 +( VO—l)Vyy—Vy2 +( v0? -2 V0+1)Vxx)x4 +(2 v04 -6 v0+4) vx x3) /
(2 v03 -6 v0?+6 v0-2) z* +
(4 v03-12 v0%2+12 v0-4) y2+(4 v03 -12 v0%+12 v0-4) x%) z% +
(2 V02 =6 v02+6 v0-2)y*+(4 v03-12 v02+12 v0—-4)x% y2+(2 v0> -6 v0%+6 v0-2)
x4)

<i>Ora sostituisco ai simboli le vere funzioni dedotte

a partire da vOn.</i>

E ($1117) ricln:ratsimp(subst (vxn,vx,rica))s$

E ($1118) ric2n:ratsimp(subst (vyn,vy,ricln))s$

E ($1119) ric3n:ratsimp(subst (vzn,vz,ric2n))s$

E ($1120) ricdn:ratsimp(subst (vxxn,vxx,ric3n))s$

E ($1121) ricbn:ratsimp(subst (vyyn,vyy,ricdn))s$

E ($1122) ricébn:ratsimp(subst(vzzn,vzz,ricbn))s$

E ($1123) ricTn:ratsimp(subst (vxyn,vxy,ricén))s$

E ($1124) ric8n:ratsimp(subst (vxzn,vxz,ric7n))$

E ($1125) ricY9n:ratsimp(subst (vyzn,vyz,ric8n))s$

E ($1126) rican:ratsimp(subst (vOn,v0,ric9n)) s
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e

"N TN

<i>Ecco 11 test cruciale: sostituendo e sostituendo alla
fine viene zero o cosa vien fuori ?</i>

7 (%1127) ratsimp(rican);

(%0127) O

- <b>Splendido: ottengo zero ! DUNQUE L'APPROSSIMAZIONE IN

QUESTO CASO E' ESATTA !</b>
<i>Ripeto tutta la procedura con ric[3,3]</i>

(%1128) rics:ratsimp(ricl[3,3]);

(30128) ((y? z2 U2 H(-2 y? 2% -y -x? y? ) U+y? z2+y* +x? y2)(U, )+

(—y2 22 U+y2 22 +y4+x2 y2 ) (U2 + (2 y 2242 x2 y 2)U-2 y 22 +H(-2 y> -2 x% y) z)
(U,)=2 xy? 2z U(U)H2 2> +2 x> 2) U +(=6 2° =6 x* z) U +(6 2> +(2 y?+6 x%) z) U-2

23 4+(-2y?-2x%)z) (U,)+

((=2 y2 22—y4—2 x? y2)U2+(3 y2 z2 42 y4+3 x? yZ)U—y2 22—y4—x2 y2)(Uyy)+
((—2yz3—2 xzyz)U2+(4yz3+(2 y3+4 xzy)z)U—2y23+(—2 y3—2 xzy)z)(Uyz)+
(—z'-2x2 22 -xN) U+rzi+(y2+2 x%) 22 +x2 y2 +xh) (U, ) + (

((2xy z2 42 x3y)U—2 Xy z2 -2 xy3—2 x3y)(UX)+(2yz2+2 x2y)U3+

(—8y22—2 y3—8 xzy)U2+(lOy22+6 y3+lO xzy)U—4y22—4y3—4 xzy) (Uy)+
(x? y2 U2+(—y2 22—y4—2 x? yZ)U+y2 22+y4+x2 y2)(UXX)+(2 xy2 z U%-2 xy2 z U)
(U )+ (=2 xyz2—2 x3y)U2+(4 xyz2+2 xy3+4 x3y)U—2 xyz2—2 xy3—2 x3y)
(UXy)+(—x2 y2 U+y2 22+y4+x2 y2)(UX)2+

((2x22+2 x3)U3+(—6x22—6 x3)U2+(6x22+2 xy2+6 x3)U—2x22—2 xy2—2 x3)
(U)+(2 2242 x?) U +(-6 22 -6 x2) U3 +(6 z°+6 x?)U?+(-2 z°> -2 x°)U) / (

(2 Z4+(4y2+4 x2)22+2 y4+4 x2 y2+2 x4)U3+

(-6 z4+(—12 y2—12 x2)22—6 y4—l2 x2 y2—6 x4)U2+

(6 z4+(12 y2+12 x%) z%+6 y4+12 x? y2+6 x)U-2 z4 (-4 y2 -4 x%) 22 -2 y4 -4 x?
y?-2x%)

" (%1129) ricl:ratsimp(subst (vx,diff (U, x),rics))$

K ($1130) ric2:ratsimp (subst (vy,diff(U,y),ricl))s$

” (%1131) ric3:ratsimp(subst (vz,diff(U,z),ric2))$

" (%1132) ricd:ratsimp(subst (vxx,diff (U, x,2),ric3))s$

K ($1133) ric5:ratsimp (subst (vyy,diff(U,y,2),ricd))$
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E ($1134) ric6:ratsimp(subst(vzz,diff(U,z,2),rich5))$

E ($1135) ric7:ratsimp (subst (vxy,diff(diff(U,x),y),ric6))s$
E ($1136) ric8:ratsimp (subst (vxz,diff(diff(U,x),z),ric7))$
E ($1137) ricY9:ratsimp (subst(vyz,diff(diff(U,y),z),ric8))s$

1 (%1138) rica:ratsimp(subst (v0,U,ric9));

| (30138) — ((v0-1)vy? 2%+
(((2-2v0)vy vz+(2 v0?4 -4 vO+2)vyz)y+(-2 v03+6 v0% -6 V0+2)VZ)Z3+(
((—V02+2 vO0—-1)vzz+( VO—l)VZ2 +( 2 v0% -3 V0+1)Vyy—vy2 +( VO—l)Vxx—VXZ)y2+
(((2-2 vO) vx vy +(2 V02 -4 vO+2) vxy) x+( =2 v0> +8 v04-10 vO+4) vy) y +(2 v0-2)
Vy2 x2 +(-2 v03+6 v0% -6 vO+2)vx x—2 v0?+6 v03 -6 v02+2 v0) 22+(

(2 vy vz+(2-2v0)vyz) y>+((2 vO vx vz+(2 vO—-2 v0?) vxz) x+(2 -2 v0) vz) y?

.
((2-2v0)vy vz+(2 v0?4 -4 V0+2)Vyz)x2 y+(=2 v03+6 v0% -6 vO0+2) vz x2) Z+
((VO—l)sz—VZ2 +( v0? -2 vO+1l) vyy +( VO—l)VXX—VXZ)y4+
((2vxvy+H(2-2v0)vxy)x+(2 v04 -6 V0+4)Vy)y3+(

((VO—l)sz—Vz2 +( 2 v0% -3 V0+1)Vyy—vy2 +(—V02+2 v0—-1) vxx+( VO—].)VXZ)X2+
(2-2v0)vx x) y°+

(((2-2v0)vx vy +(2 v0?4 -4 V0+2)ny)x3+(—2 v03 +8 v02-10 v0+4) vy x2)y+
(vO-1)vy? x*+(-2 v03+6 v0? -6 vO+2) vx x> +(-2 v0%+6 v03 -6 v02+2 v0)x2) / (
(2 v03 -6 v0%+6 v0O-2)z%+

(4 v03-12 v0%2+12 v0O-4) y2+(4 v03 -12 v0%+12 v0-4) x%) z% +

(2 V02 =6 v02+6 v0-2)y*+(4 v03-12 v02+12 v0-4)x% y2+(2 v0> -6 v0%+6 v0-2)

x4)

7 <i>Ora sostituisco ai simboli le vere funzioni

dedotte a partire da vOn.</i>

E ($1139) ricln:ratsimp (subst (vxn,vx,rica))s$

E ($1140) ric2n:ratsimp (subst (vyn,vy,ricln))$

E ($1141) ric3n:ratsimp(subst (vzn,vz,ric2n))s$

E ($1142) ricdn:ratsimp(subst (vxxn,vxx,ric3n))s$
E ($1143) ricbn:ratsimp(subst (vyyn,vyy,ricdn))s$
E ($1144) ricébn:ratsimp(subst(vzzn,vzz,ricbn))s$

E ($1145) ricTn:ratsimp (subst (vxyn,vxy,ricén))s$
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E ($1146) ric8n:ratsimp(subst (vxzn,vxz,ric7n))s$
E ($1147) ricY9n:ratsimp(subst (vyzn,vyz,ric8n))s$
Kvﬂﬂl4& rican:ratsimp (subst (vOn,v0,ric9n))$

;7 <i>Ecco 11 test cruciale: sostituendo e sostituendo
alla fine viene zero o cosa vien fuori ?2</i>

N

($1149) ratsimp(rican);
(%0149) O

<b>Splendido: ottengo zero !</b>

<i>Ripeto tutta la procedura con ricl[4,4]1</i>

"N TN TN

($1150) rics:ratsimp(ric(4,4]);
(50150) — (((z4+(2 y2+2 x%) 22 ) U%+((-3 y2 -3 x%) 2?2 -2 z4YU+z% +(y2 +x%) z?)
(U, )+((yH+2 x2 y2+x) U+(-y?-x2) 22—y -2 x% y2 —x*) (U, )% + (

(-2 y3-2x2y)zU+2 y z3+(2 y>+2 x% y) z) (U, )+

v)
(-2 xy?-2x2)zU+2x 23 +(2 xy?+2 x3) z2)(U )+ -2 y? -2 x%) z U3 +
(2 23 +(8 y?+8 x2)z)U?+((-10 y?-10 x%) z-6 z3)U+4 z> +(4 y? +4 x%) z) (U,)+

(—y2 z2 U2+(z4+(2 yz+x2)22)U—z4 (—y2—x2)22)(Uyy)+

(2y°+2x*y)zU%+((~4y -4 x?y)z-2y 2 )U+2y 2> +H(2 y>+2 x% y) 2)(U, )+
(y? 22l]—z4+(—}/2—x2)22)(Uy)2+(2<X)’22(](UX)+(—2_Y3—2 x2yyud+

(6 y°+6 x> y)U2H( -2y z° -6 y°~6 x> y)U+2 y z°+2 y>+2 x% y ) (U)+

(—x2 22172+(z4+(y2+2 x2)22)U—Z4 (—)/Z—XZ)ZZ)(UXX)+

(2 xy?+2x3)zU%+((-4xy?-4x3)z2-2x23)U+2 x 23 +(2 x y2+2 x°) 2)(Uy )+

(2 xy z2U-2 Xy z2 UZ)(UXY)+(X2 z2 Uy-z4 (—y2—x2)22)(UX)2+

(-2 xy2—2 x3)U3+(6 xy2+6 x3)U2+(—2x22—6 xy2—6 x3)U+2x22+2 xy2+2 x3)
(U )+ =2 y? -2 x2) U +(6 y2+6 x?) U3 +(-6 y? -6 x?)U* +(2 y?+2 x*)U) / (

(2 Z4+(4y2+4 x2)22+2 y4+4 x2 y2+2 x4)U3+

(-6 z4+(—12_y2—124x2)22—6_y4—l2252y2—64x4)U2+

(6 z4+(12 y2+12 x%) z%+6 y4+12 x? y2+6 x)U-2 z4 +(-4 y2 -4 x%) 22 -2 y4 -4 x°

y?-2x%)

" (%i151) ricl:ratsimp(subst (vx,diff (U, x),rics))$
K (1152) ric2:ratsimp (subst (vy,diff(U,y),ricl))$

K (1153) ric3:ratsimp (subst (vz,diff (U, z),ric2))$
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E ($1154) ricd:ratsimp(subst (vxx,diff(U,x,2),ric3))$
E ($1155) ricS:ratsimp (subst (vyy,diff(U,vy,2),ricd))s
E ($1156) ric6:ratsimp(subst(vzz,diff(U,z,2),rich5))$
E ($1157) ric7:ratsimp (subst (vxy,diff(diff(U,x),y),ric6))s$
E ($1158) ric8:ratsimp (subst (vxz,diff(diff(U,x),z),ric7))$
E ($1159) ricY9:ratsimp (subst(vyz,diff(diff(U,vy),z),ric8))s$

L ($1160) rica:ratsimp(subst(v0,U,ric9));

I (%0160) —(((V02—2 V0+1)VZZ+(V0—1)Vyy—Vy2+(V0—l)VXX—VXZ)Z4+
((2vyvzH2-2v0)vyz)y+H2 vxvz+(2-2v0)vxz)x+(2 v0% -6 V0+4)VZ)Z3+(
((2 v0? -3 V0+l)vzz—vz2 +(—V02+2 v0-1) vyy +( VO—l)Vy2 +( VO—l)VXX—VXZ)y2+
((2v0vxvy+(2 v0-2 V02)ny)x+(2—2 vO)vy)y+

(2 v02 -3 v0+1)vzz-vz?+(v0-1)vyy —vy2+(-v0%+2 vO—-1) vxx+(v0—-1) vx?) x° +
(2-2v0)vx x) z?+ (((2-2 vO) vy vz+(2 v0? -4 vO+2) vyz) y> +

(((2-2 v0)vx vz+(2 v0% -4 v0+2) vxz) x+( -2 vO> +8 v0%2-10 v0+4) vz) y2 +
((2-2v0)vy vz+(2 v0?4 -4 V0+2)Vyz)x2 y+((2-2 v0)vx vz +(2 v0?4 -4 vO+2)vxz)
x3 +(-2 v03 +8 v02-10 v0+4) vz x2) z +( VO—l)VZ2 y4+(—2 v03+6 v0% -6 vO0+2) vy
V342 vO-2) vz? x4 +(=2 v03+6 v0%-6 v0+2) vx x—2 v0 +6 v0> -6 v02+2 v0) y2+
(=2 v03+6 v02-6 v0+2) vy x? y+H(v0-1) vz x*+(-2 v03 +6 v0% -6 vO+2) vx x° +
(-2 v0%+6 v03 -6 v02+2 v0)x?) / ((2 vO3 -6 v0?+6 vO-2) z4+

(4 v03-12 v0%2+12 v0O-4) y2+(4 v03 -12 v0%+12 v0-4) x%) z% +

(2 V02 =6 v02+6 v0-2)y*+(4 v03-12 v02+12 v0—-4)x% y2+(2 v0> -6 v0%+6 v0-2)

- x*)

7 <i>Ora sostituisco ai simboli le vere funzioni

dedotte a partire da vOn.</i>

E ($1161) ricln:ratsimp(subst (vxn,vx,rica))s$

E ($1162) ric2n:ratsimp(subst (vyn,vy,ricln))s$

E ($1163) ric3n:ratsimp(subst (vzn,vz,ric2n))s$

E ($1164) ricdn:ratsimp(subst (vxxn,vxx,ric3n))s$
E ($1165) ricbn:ratsimp(subst (vyyn,vyy,ricédn))s$

E ($1166) ricébn:ratsimp(subst(vzzn,vzz,ricbn))s$
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E ($1167) ricTn:ratsimp(subst (vxyn,vxy,ricén))s$
E ($1168) ric8n:ratsimp(subst (vxzn,vxz,ric7n))$
E ($1169) ricY9n:ratsimp(subst (vyzn,vyz,ric8n))s$
E ($1170) rican:ratsimp(subst (vOn,v0,ric9n))$

7 <i>Ecco 11 test cruciale: sostituendo e sostituendo

alla fine viene zero o cosa vien fuori ?</i>

7 (%1171) ratsimp(rican);
(%0171) O

K <b>Splendido: ottengo zero !</b>

<i>Ora verifico anche i termini NON DIAGONALI che possono
essere diversi da zero se la funzione non possiede le opportune
caratteristiche.</1i>

L ($1172) rics:ratsimp(ric([2,3]);

(50172) ((xy 22 U?+H( -2 xy 2°-xy>-x> y)U+xy 22 +x y> +x3 y)(U, )+

3

(-xy z?U+xy 22+Xy3+x3y)(UZ)2+ (x z3+(x3

—xyZ)Z)U—x z3+(—xy2—x3)z)

3

(U)+(y 22+ y?

3

—XZY)Z)U—YZ3+(—Y —XZY)Z)(UX)—2 xyzU3+6 xyzU2—4xy

ZU)(UZ)+((—xy22—x3y)U2+(xy22+x3y)U)(U )+

Yy

3

2 3 3 2 3 3 2 3 2
((xy“—-x")z-xz")U*"+H2xz"+2 x> z)U-xz"+H(-xXy“—Xx )Z)(Uyz)+(xyz

+x3y)

U(U)+ ((—zf+H—y?-x?) 22 -2 22 y2) U+z Hy? +x%) 22 (U ) -2 x y? US +

(—x22+5 XYZ—X3)U2+(2XZZ—2 xy2+2 X3)U—XZZ—Xy2—X3) (Uy)+
((-xvy Zz—xy3)U2+(xy 22+xy3)U)(UXX)+
((x*y-y ) z-yz)UPH2y 2 +2 y? 2)U-y 22 +(-y? -x% y) 2) (U, )+ (

((—y2—x2)22—y4—x4) U2+((2 y2+2 x2)22+2 y4+2 x? y2+2 X4) U+(—yZ—X2)22—y4

-2 x% y2-x4) (Ugxy)H(xy z2+x y3) U(UX)2+

3% y)(U,)-2

(-2 Xsz3+(—y 22—y3+5 Xzy)U2+(2y22+2 y3—2 XZY)U—Y 22—y
Xy ud+6 Xy U3-6 Xy U2+2 xyU)/ (2 z4+(4y2+4 x2) 2242 y4+4 x2y2+2 x4 Ul
-6 z4+(-12y?-12x%)z%-6 y*-12 x% y? -6 x*)U? +

(6 z*+(12 y?+12 x%) z?+6 y*+12 x? y?+6 x*)U-2 z* +H(-4 y? -4 x?) 22 -2 y? -4 x?
 y?-2x%)

E ($1173) ricl:ratsimp (subst (vx,diff(U,x),rics))S$

E (51174) ric2:ratsimp (subst (vy,diff (U,y),ricl))s$
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E (%1175) ric3:ratsimp (subst (vz,diff(U,z),ric2))s

E?(%iIM) ricd:ratsimp(subst (vxx,diff (U, x,2),ric3))$

E ($1177) ricS:ratsimp (subst (vyy,diff(U,vy,2),ricd))s
E(%iIM) ric6:ratsimp(subst(vzz,diff(U,z,2),ric5))$
E(%iIM) ric7:ratsimp(subst (vxy,diff(diff (U, x),y),ric6))S$
E ($1180) ric8:ratsimp (subst(vxz,diff(diff(U,x),z),ric7))$
E ($1181) ricY9:ratsimp (subst(vyz,diff(diff(U,y),z),ric8))s$

7 (%1182) rica:ratsimp(subst (v0,U,ric9));

| (%0182) — ((vO0-1)vx vy z4+
(((1L-v0) vx VZ+(V02—2 vOo+1l)vxz)y+((1-v0) vy VZ+(V02—2 V0+l)vyz)x)z3+(
((VO—l)vxvy+{V02—2 V0+1)ny)y2+(

2)X+

((—V02+2 VO—l)VZZ+(V0—1)V22+(V02—V0)Vyy—ﬂd7Vy2+(V02—V0)VXX—V0YD{
(V0% -2 v0+1)vx) y+((v0-1)vx vy +(v0% -2 vO+1) vxy) x* +(v0% -2 vO+1) vy x) z°
+((CL—V0)VXVZ+{V02—2 V0+1)sz)y3+{(v0+l)L97VZ+(1—V02)Vyz)xgy2+
((VO+1)vx vz+(1 -v0?) vxz) x2+(2 v0°> -6 v02+4 v0) vz x) y +
(CL—vO)vy'Vz+(V02—2 V0+1)VYZ)X3) Z+(V02—2 V0+l)vxy)/4+
(((VO—l)sz—V22+(V02—V0)Vxx—md)Vx2)x+(v02—2 V0+l)vx)y3+

(2 VO vx vy +(2 =2 vO0) vxy) x2 +(2 v0°> =5 v02+2 vO+1) vy x) y2+ (
((VO—l)sz—V22+(V02—V0)Vyy“—VOVyz)x3+{2 v0> -5 v02 +2 V0+1)XD{X2+

(2 v0? -6 v03+6 v02-2 VO)X)_y+(V02—2 V0+1)XDQ’X4+(V02—2 V0+l)thx3)/(

(2 v0® -6 v0%+6 v0-2) z%+

(4 v03-12 v02+12 vO—-4) y2+(4 v03 -12 v02+12 v0—-4) x%) z% +

(2 v03-6 v0%+6 v0-2)y4+(4 v03-12 v02+12 v0-4)x° y2+(2 v03 -6 v0%+6 v0-2)
X4)

;7 <i>0Ora sostituisco ai simboli le vere funzioni

dedotte a partire da vOn.</i>

K ($1183) ricln:ratsimp(subst (vxn,vx,rica))s$
K ($1184) ric2n:ratsimp(subst (vyn,vy,ricln))$
K(%iﬂ%) ric3n:ratsimp (subst (vzn,vz,ric2n))$

K(%iﬂ%) ricd4n:ratsimp (subst (vxxn, vxx,ric3n))$



modello-di-linearizzazione-della-rg.wxm

7 (51187)
 (51188)
 (51189)
(51190
(51191

E (1192)

e

(%50193)

richn:

riceon:

ric7n:

ric8n:

ricon:

rican:

<i>Ecco 1l test cruciale:
fine viene zero o cosa vien fuori ?</i>

0

ratsimp (subst (vyyn,vyy,ricédn))$

ratsimp (subst (vzzn,vzz,ricbn))$

ratsimp (subst (vxyn, vxy,ricén))$

ratsimp (subst (vxzn,vxz,ric7n))$

ratsimp (subst (vyzn,vyz,ric8n))$

ratsimp (subst (vOn,v0,ric9n))$

" (%1193) ratsimp(rican);

{T <b>Splendido: ottengo zero !</b>

<i>Verifico anche i1l termine NON DIAGONALE r[2,4]
essere diverso da zero se la funzione non possiede

puo'

le opportune caratteristiche.</i>

sostituendo e sostituendo alla

che

23 / 31
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L ($1194) rics:ratsimp(ric([2,4]);

(30194) — (((x y?+x3)z U? +H~x y?-x°) z U)(UZZ)+(—xy2—x3)z U(UZ)2+(
(xyz?-xy>-x> y)U+xy 22+xy3+x3y)(Uy)+

(((y2+2 x2)22+y4+x2 yZ)U—y2 22—y4—x2 y2)(UX)+2 xz2 U3 +(—-5 x22+xy2+x3)
U2+(2x22—2 xy2—2 X3)U+XZZ+Xy2+X3) (U,)+

(—Xy2 z U2+(x Z3+(2 Xy2+x3)z)U—x z3+(—xy2—x3)z)(Uyy)+

((-xy 22+xy3+x3y)U2+(—2 xy3—2 X3y)U+xy 22+xy3+x3y)(Uyz)+

(xy2 ZU—XZ3+(—Xy2—X3)Z)(U )2+

Yy
((((Xzy—y3)z—y 23)U+y z3+(y3+x2y)z)(UX)+2 Xy z Us-6 Xy zZ U2 +4 Xy z U)

3 2

(Uy)+((xz +xy2 Z)U2+(—X Z3—xy2 zZ)U)(Ugy)+ ((z4+y2 22 +x2 y2+x4)U2+

(-2 z%+(-2y?2-2x2)22-2x2 y2 -2 x")YU+zt+(y?+2 x%) 22 +x° y2 +x% ) (U, )+

(y 22 Hy  =x? y)2) U2 H( -2y 27 -2 y> 2) Uty 27 +Hy  +x% y) 2)(Uy )+
3 2 2

(—xz 7 —-xy®z)U(Ug)" +

(2 x2 zU3+H( 23 +H(y? -5 x%)2) U +((2 x° -2 y2)2-2 23 ) U+23 +(y? +x%) 2) (U, )+2 x 2

U4—6XZU3+6XZU2—2XZU)/((2 z4+(4y2+4x2)z2+2y4+4x2y2+2x4)U3+

(-6 z4+(—12y2—12x2)22—6y4—l2x2y2—6 x4)U2+

(6 z4+(12 y2+12 x%) z%+6 y4+12 x? y2+6 x)U-2 z4 (-4 y2 -4 x%) z2 -2 y4 -4 x?

y?-2x%)

K ($1195) ricl:ratsimp (subst (vx,diff(U,x),rics))$

K(%iﬂ%) ric2:ratsimp (subst (vy,diff(U,y),ricl))$

K ($1197) ric3:ratsimp (subst (vz,diff (U, z),ric2))$

K ($1198) ricd:ratsimp (subst (vxx,diff (U, x,2),ric3))s

K (1199) ric5:ratsimp (subst (vyy,diff(U,y,2),ricd))$S

K ($1200) ric6:ratsimp(subst(vzz,diff(U,z,2),rich5))s

K ($1201) ric7:ratsimp (subst (vxy,diff(diff(U,x),vy),ric6))s
K ($1202) ric8:ratsimp (subst (vxz,diff(diff(U,x),z),ric7))s

K (1203) ric9:ratsimp (subst (vyz,diff (diff(U,y),z),ric8))$
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L ($1204) rica:ratsimp(subst(v0,U,ric9));

(%0204) — (( v0Z -2 vO+1l) vxz z4+ (((1L-v0) vx vy +( v0Z -2 vO+1l)vxy)y+
((VO—l)Vyy—vy2+(v02—v0)vxx—v0 VXZ)X+(V02—2 vOo+1)vx) z3+(
((VO—].)VXVZ+(V02—2 V0+1)sz)y2+((v0+1)vy VZ+(1—V02)VyZ)Xy+
(2 v0 vx vz +(2-2 v0) vxz) x> +(2 v03 -5 v0%+2 vO+1) vz x) z°+ (
(1-v0)vx vy +H(v02 -2 vO+1) vxy) y> + (

%)

((V02—V0) vzz-v0 vz? +(—V02+2 v0-1) vyy +( VO—l)Vy2 +( VOZ—VO) vxx—-v0 vx®) x+

(V0% -2 vO+1)vx) y2+H((vO+1)vx vy +(1-v0?) vxy) x° +(2 v03 -6 v0?+4 v0) vy x) v
+((V02—V0) vzz-v0 vz? +( VO—l)Vyy—VyZ)x3 +( 2 v0> -5 v02 +2 vOo+1) vx x2 +
(2 v0? -6 v03+6 v02-2 vo0)x) z+Hv0-1)vx vz y4+
(1-v0) vy vz+(v0%-2 vO+1)vyz)x y> +
((VO-1)vx vz+(v02 -2 vO+1) vxz) x°+(v0% -2 vO+1) vz x) y2 +
((1-v0) vy vz +( v0? -2 V0+1)Vyz)x3 v +( v0? -2 vO+1) vxz x4 +( v0? -2 vO+1l) vz x3)
/(2 v03-6 v02+6 vO-2)z%+
(4 v03-12 v0?2+12 v0O-4) y2+(4 v03 -12 v0%+12 v0-4) x%) z% +
(2 V03 =6 v02+6 v0-2)y*+(4 v03-12 v02+12 v0—-4)x% y2+(2 v0> -6 v0%+6 v0-2)
x4)
<i>0Ora sostituisco ai simboli le vere funzioni dedotte
a partire da vOn.</i>

E ($1205) ricln:ratsimp(subst (vxn,vx,rica))s$

E ($1206) ric2n:ratsimp(subst (vyn,vy,ricln))s$

E ($1207) ric3n:ratsimp(subst (vzn,vz,ric2n))$

E ($1208) ricdn:ratsimp(subst (vxxn,vxx,ric3n))s$

E ($1209) ricbn:ratsimp(subst (vyyn,vyy,ricdn))s$

E ($1210) ricébn:ratsimp(subst(vzzn,vzz,ricbn))s$

E ($1211) ric7n:ratsimp(subst (vxyn,vxy,ricén))s$

E ($1212) ric8n:ratsimp(subst (vxzn,vxz,ric7n))s$

E ($1213) ricY9n:ratsimp(subst (vyzn,vyz,ric8n))s$

E ($1214) rican:ratsimp(subst (vOn,v0,ric9n))$

[

<i>Ecco 11 test cruciale: sostituendo e sostituendo alla
fine viene zero o cosa vien fuori ?</i>
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($1215) ratsimp(rican);
(%0215) 0

{? <b>Splendido: ottengo zero !</b>

7 <i>0Ora verifico anche il termine NON DIAGONALE r[3,4] che
potrebbe essere diverso da zero se la funzione non possiede le
opportune caratteristiche.</i>

7(%1[%) rics:ratsimp(ric[3,4]);

($0216) - (((y3+x2 y)z U2+(—y3—x2 y)z U)(UZZ)+(—}/3—X2 v)z U(UZ)2+(

(((2 y2+x2) 72 +x2 y2+x4) U-x2 z2-x2 y2—x4)(U +

v)

(xy zz—xy3—x3y)U+Xy 22+xy3+x3y)(UX)+2 )% z2 U3+(—5y z2+y3+X2y)U2+

(2y22—2 y3—2 xzy)U+y 22+y3+x2y) (U,)+((y z3+x2yz)U2+(—y 23—x2yz)U)

(Uyy)+ ((z4+x2 22+y4+x2 y2)U2+(—2 z4+(—2 y2—2 x2)22—2 y4—2 X2 y2)U+z4+

(2 y2+x2)22+y4+x2 y2) (Uyz)+(—y 23—x2yz)U(U 2+(

-y)
(((xyz—x3)z—x 23)U+x Z3+(xy2+x3)z)(UX)+2 y2 z U3+(z3+(x2—5 y2)z)U2+

(2 y2-2x2)z-22zYU+z3Hy?+x°)z) (U, )+

v)

2 2 3 3 2 3 3 2
(—xyzU " Hyz>Hy +2x°y)z)U-y z - +H -y~  —x°y)z)(Ug )+

((—xy22+xy3+x3y)U2+(—2 xy3—2 x3y)U+xy22+Xy3+X3y)(U )+

Xz

((x Z3+(x3—xy2)z)U2+(—2 x z2-2 x3 z)U+X Z3+(xy2+x3)z)(U

3

xy)+

(x2yzU—yz3+(—y —xzy)z)(UX)2+(2 xyzU3—6 xyzU2+4 xyzU)(U)+2y z
U4—6yZU3+6yZU2—2yZU)/((2 z4+(4y2+4 x2)22+2y4+4 x2y2+2 xHud+
(-6 z4+(—12 y2—12 x2)22—6 y4—l2 x2 y2—6 x4)U2+

(6 z4+(12 y2+12 x%) z%+6 y4+12 x? y2+6 x)U-2 z4 (-4 y2 -4 x%) z2 -2 y4 -4 x?
y?-2x%)

K (i217) ricl:ratsimp (subst (vx,diff (U, x),rics))$S

K(%ilw) ric2:ratsimp (subst (vy,diff(U,y),ricl))$

K (1219) ric3:ratsimp (subst (vz,diff (U, z),ric2))$

KYUHQZO) ricd:ratsimp(subst (vxx,diff (U, x,2),ric3))s

K (i221) ric5:ratsimp (subst (vyy,diff(U,vy,2),ric4))$S

K ($1222) ric6:ratsimp(subst(vzz,diff(U,z,2),rich5))s

K ($1223) ric7:ratsimp (subst (vxy,diff(diff(U,x),vy),ric6))s

K ($1224) ric8:ratsimp (subst (vxz,diff(diff(U,x),z),ric7))s
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E ($1225) ric9:ratsimp(subst (vyz,diff(diff(U,y),z),ric8))S$

L ($1226) rica:ratsimp(subst(v0,U,ric9));

I (%0226) —((V02—2 vOo+1l)vyz Z4+(((V02—V0)Vyy—v0 Vy2+(v0—1)vxx—vx2)y+
(1-v0)vx vy +H(v02 -2 vO+1) vxy) x+(v0% -2 vO+1)vy) z>+ (

(2 vOvy vz+(2 -2 VO)VyZ)y2+

((VO+1)vx vz+(1-v0?) vxz) x+(2 v0> -5 v0?+2 vO+1)vz) y +

((v0-1)vy VZ+(V02—2 V0+l)vyz)x2) 22+(

2 VO—l)VXX—VXZ)y3+

((V02—V0) vzz-v0 vz
((vO+1) vx vy +(1 -v0?) vxy) x+(2 v0> -5 v02+2 vO+1) vy) y2 + (

((VOZ—VO)VZZ—VO VZZ+(V02—V0)Vyy—V0 Vy2+(—v02+2 VO—].)VXX+(V0—1)VX2)X2+
(2 V02 -6 v02+4 v0) vx x+2 v0* =6 v03+6 v02-2 v0) y+

((1-v0) vx vy +( v0? -2 V0+l)vxy)x3 +( v0? -2 vOo+1) vy x2) z +( v0? -2 vOo+1l)vyz y4
+(((1-v0) vx VZ+(V02—2 V0+1)VXZ)X+(V02—2 V0+l)vz)y3+

(vO-1)vy vz+(v0%-2 vO+1)vyz) x? y° +

(((1-v0) vx VZ+(V02—2 V0+1)VXZ)X3+(V02—2 vOo+1) vz X2)y+(v0—1)vy vz X4) /(
(2 v03 -6 v0%+6 v0-2)z%+

(4 v03-12 v0%2+12 v0-4) y2+(4 v03 -12 v0%+12 v0-4) x%) z% +

(2 V02 =6 v02+6 v0-2)y*+(4 v03-12 v02+12 v0—-4)x% y2+(2 v0> -6 v0%+6 v0-2)

- x)

7 <i>Ora sostituisco ai simboli le vere funzioni

dedotte a partire da vOn.</i>

E ($1227) ricln:ratsimp (subst (vxn,vx,rica))$

E ($1228) ric2n:ratsimp(subst (vyn,vy,ricln))s$

E ($1229) ric3n:ratsimp(subst (vzn,vz,ric2n))s$

E ($1230) ricdn:ratsimp(subst (vxxn,vxx,ric3n))s$
E ($1231) ricbn:ratsimp(subst (vyyn,vyy,ricdn))s$
E ($1232) ricébn:ratsimp(subst(vzzn,vzz,ricbn))s$
E ($1233) ricTn:ratsimp(subst (vxyn,vxy,ricén))s$
E ($1234) ric8n:ratsimp(subst (vxzn,vxz,ric7n))s$
E ($1235) ricY9n:ratsimp(subst (vyzn,vyz,ric8n))s$

E ($1236) rican:ratsimp(subst (vOn,v0,ric9n))$
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;7 <i>Ecco 11 test cruciale: sostituendo e sostituendo alla

fine viene zero o cosa vien fuori ?</i>

7 (%1237) ratsimp(rican);
(%0237) 0

{T <b>Splendido: ottengo zero !</b>

5 <h2>In conclusione...</h2>

" <i>Per finire ristampo il tensore metrico covariante che ho usato
per trovare la metrica del buco nero neutro in coordinate
cartesiane.</i>

7 (3i238) 1g;

1-U 0 0 0
0 (z2+y2) U-22-y2 -x2 xyU xzU
(22+y2+X2)U7227y27X2 (22+y2+X2)U7227y27X2 (22+y2+X2)U7227y27X2
(%$0238) . xyU (22+X2)U7227y2fxz yzU
(22+y2+X2)U7227y27X2 (22+y2+X2)U7227y27X2 (22+y2+X2)U7227y27X2
0 xzU yzU (y2+x2) U-2z2-y2-x2
(22+y2+X2)U7227y27X2 (22+y2+X2)U7227y27X2 (22+y2+X2)U7227y27X2
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e

Ossia:
<table><tr><td colspan="3" align="center">&#160;</td></tr>
<tr><td colspan="3" align="center"><em>Q</em> = (1 &#8722;<em

>U</em>) &#183; (<em

>x</em><sup>2</sup> + <em

>y</em><sup>2</sup> + <em

>z</em><sup>2</sup> )/<em>U</em></td></tr>

<tr><td><em>g</em><sub>h, k</sub></td><td>= <tt>lg</tt> =</td><td>

<table>

<tr>

<td rowspan="4" align="center">&#x250c;<br/>&#x2502; <br/><span

>&#x2502; </span><br/>&#x2502; <br/>&#x2502; <br/>&#x2502;<br/>&#x2514; </td>
<td align="center"> 1 &#8722; <em>U</em></td>

<td align="center">0</td>

<td align="center">0</td>

<td align="center">0</td>

<td rowspan="4" align="center">&#x2510;<br/>&#x2502;<br/><span
>&#x2502;</span><br/>&#x2502; <br/>&#x2502; <br/>&#x2502;<br/>&#x2518; </td>
</tr>

<tr>

<td align="center">0</td>

<td align="center">&#8722;1 &#8722; <em>x</em><sup>2</sup>/<em>Q</em></td>
<td align="center">&#8722; <em>x</em>&#183;<em>y</em>/<em>Q</em></td>

<td align="center">&#8722; <em>x</em>&#183;<em>z</em>/<em>Q</em></td>
</tr>

<tr>

<td align="center">0</td>

<td align="center">&#8722; <em>x</em>&#183;<em>y</em>/<em>Q</em></td>

<td align="center">&#8722;1 &#8722; <em>y</em><sup>2</sup>/<em>Q</em></td>
<td align="center">&#8722; <em>y</em>&#183;<em>z</em>/<em>Q</em></td>
</tr>

<tr>

<td align="center">0</td>

<td align="center">&#8722; <em>x</em>&#183;<em>z</em>/<em>Q</em></td>

<td align="center">&#8722; <em>y</em>&#183;<em>z</em>/<em>Q</em></td>

<td align="center">&#8722;1 &#8722; <em>z</em><sup>2</sup>/<em>Q</em></td>
</tr>

</table>

</td></tr></table>

<i>E per riepilogo ecco anche il tensore metrico
in forma controvariante:</i>

(%1239) ug;y;
1
-— 0 0 0
Uv-1
0 XZU—ZZ—yZ—X2 xyU xzU
22+y2+x2 22+y2+X2 22+y2+x2
(%50239)
0 xyU yZU—ZZ—yZ—X2 yvzU
22+y2+x2 22+y2+X2 22+y2+x2
0 xzU vzU ZZU—ZZ—yZ—X2
22+y2+x2 22+y2+X2 22+y2+x2
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e

e

e

Ossia:
<table><tr><td colspan="3" align="center">&#160;</td></tr>
<tr><td colspan="3" align="center"><em>W</em> = <em

>U</em>/ (<em

>x</em><sup>2</sup> + <em

>y</em><sup>2</sup> + <em

>z</em><sup>2</sup> )</td></tr>

<tr><td><em>g</em><sup>h, k</sup></td><td>= <tt>ug</tt> =</td><td>

<table>

<tr>

<td rowspan="4" align="center">&#x250c;<br/>&#x2502; <br/><span

>&#x2502; </span><br/>&#x2502; <br/>&#x2502; <br/>&#x2502;<br/>&#x2514; </td>
<td align="center"> 1/(1 &#8722; <em>U</em>) </td>

<td align="center">0</td>

<td align="center">0</td>

<td align="center">0</td>

<td rowspan="4" align="center">&#x2510;<br/>&#x2502;<br/><span
>&#x2502;</span><br/>&#x2502; <br/>&#x2502; <br/>&#x2502;<br/>&#x2518; </td>
</tr>

<tr>

<td align="center">0</td>

<td align="center">&#8722;1 + <em>x</em><sup>2</sup>&#183;<em>W</em></td>
<td align="center"><em>x</em>&#183;<em>y</em>&#183; <em>W</em></td>

<td align="center"><em>x</em>&#183;<em>z</em>&#183; <em>W</em></td>

</tr>

<tr>

<td align="center">0</td>

<td align="center"><em>x</em>&#183;<em>y</em>&#183;<em>W</em></td>

<td align="center">&#8722;1 + <em>y</em><sup>2</sup>&#183;<em>W</em></td>
<td align="center"><em>y</em>&#183;<em>z</em>&#183;<em>W</em></td>

</tr>

<tr>

<td align="center">0</td>

<td align="center"><em>x</em>&#183;<em>z</em>&#183; <em>W</em></td>

<td align="center"><em>y</em>&#183;<em>z</em>&#183; <em>W</em></td>

<td align="center">&#8722;1 + <em>z</em><sup>2</sup>&#183;<em>W</em></td>
</tr>

</table>

</td></tr></table>

6 <h2>Questa proprieta' e' importantissima !</h2>

<i>Una caratteristica fondamentale di questa metrica e' il fatto che
il determinante vale -1 ossia e' identico a quello della metrica
pseudoeuclidea.</i>

($1240) ratsimp(determinant (1g));
(%0240) -1

($1241) ratsimp (determinant (ug));
(%0241) -1
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- </pre>

<h2>Amen documento alla mia proposta di linearizzazione

delle equazioni della Relativita' Generale.</h2>

<b>Non resta che applicarlo ad una moltitudine di buchi neri

per i1 quali la funzione U sara' una sommatoria di funzioni 1/r</b>
</blockguote></body>

</html>




