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L] - .
Prove di calcolo tensoriale

Provo a realizzare un documento wxm per il calcolo di tutte
le grandezze derivate da un assegnato tensore metrico.
In questo caso uso 11 tensore metrico di Reissner e Nordstrom.

L (%11) (if atom(lg) then load(ctensor));
(%01)
C:/Programmi/Maxima—-5.20.1/share/maxima/5.20.1/share/tensor/ctensor.mac

N

(
(

12) init_ctensor();
02) done

T
o0 oo

Definisco una funzione del tutto generica delle coordinate.

(%13) rg:x"2+y"2+z°2;
2

"N TN

(%03) z2+}/3+x

(
(

i4) depends(a, [X,y,2]);
od) [alx,y,z)]

o0 oo

La funzione b mi serve solo per semplificare 1'input.

(%$15) b:a/(a-1);
a
a-1

"N TN

7 (%16) lgmia: matrix (

[ 1_8-/ OIOIO ]r

[ 0,-14+b*x"2/rqg,b*x*y/rq, b*x*z/rq 1,
[ 0,b*x*y/rqgq, -1+b*y*2/rq,b*yv*z/rq 1,
[ 0,b*x*z/rg,b*y*z/rq,-1+b*z"2/rq]);
1

-a 0 0 0
2
a X a x a X z
0 -1 y
(a-1) (z2+y2+x2) (a-1) (z2+y2+x2) (a-1) (z2+y2+x2)
(%060) 0 axy ay? 1 ayz
(a-1) (z2+y2+x2) (a-1) (z2+y2+x2) (a-1) (z2+y2+x2)
O a x z ayz a22 1
(a-1) (z2+y2+x2) (a-1)(z2+y2+x2) (a-1)(z2+y2+x2)

Dichiaro che faccio uso di coordinate cartesiane

(
(

i7) ct_coords: [t,x,v,z];
o7) [t,X,_Y,Z]

"N TN

o0 oo

In base alle esigenze della libreria ctensor di cui ho fatto il
load inizializzo il tensore metrico covariante che si deve chiamare 1g.
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4 (%18) lg:ratsimp(lgmia);

(%08)
1-a 0 0 0
. (a-1) z2+(a-1) y? -x? axy axz
(afl)22+(afl)y2+(afl)X2 (afl)22+(afl)y2+(afl)X2 (afl)22+(afl)y2+(afl)X2
0 axy (afl)zzfyzvt(afl)x2 ayz
(a71)22+(a71)y2+(a71)x2 (a71)22+(a71)y2+(a71)x2 (afl)22+(afl)y2+(afl)X2
0 axz ayz zZ2+(1l-a) y2+(1-a) x2
(a71)22+(a71)y2+(a71)x2 (afl)22+(afl)y2+(afl)X2 (afl)22+(afl)y2+(afl)X2

L Calcolo la metrica ovvero i1l tensore metrico controvariante
che deve essere la matrice inversa del tensore metrico
covariante.

o\°

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

Ey(%ilO) uug:ugs

Cerco di semplificare il piu' possibile 1l'espressione del
tensore metrico controvariante

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

1
- 0 0 0
a-1
0 z2+y2+(1-a) x? axy axz
22 42 + %2 22 42 + 2 22 42 + 2
(%011)
0 axy z2+(1l-a) y?+x2 ayz
z2 +y2 +x2 22 +y2 +x2 22 +y2 +x2
0 axz ayz (a*l)zzfyzfx2
22+y2+X2 22 +y2+X2 22 +y2+X2

" Anche se non serve ora faccio vedere che lg ed ug sono una la matrice
inversa dell'altra

" 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.
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” ($112) christof (all);
a

(%tl2) lC’Sl,]_,Z:

2
a
(%$t13) lC’Sl, 1, 3:7}/
gz
(%tl4) lcs1,1,4:7
ax
(%tlS) lcsl,2,1:_7
a
(%tl6) lCSll?),l:_?y
g
(%tl7) lCSll4,1:_7
(%tl8) 1C52,2,2:
((a-1)z2+(a-1) y2-x2) ((ay) z2+(ay) y*+(ay) x2+2 (a-1) x) (ay) z2+(ay) y2-2 x
((a-1) 22+(a—1)y2+(a—1)x2)2 (a-1) Z2+(a—1)y2+(a—l) x2

z%+(a,) y?+2 (a-1) y +(a,) x%)

(%tlg) lC82,2,3:( +
((a—l)22+(a—1)y2+(a—1)x2f

(ay)zz+(ay)y2+2(a—l)y' 2 axy((ay) z2+(a,) y2+(ay) x*+2 (a-1) x)
+
(a-1)z?+(a-1) y*+(a-1) x* ((a-1)z2+(a-1)y2+(a-1) x2)°
2(ay) xy 2ay

+ )/ 2
(a-1)z?+(a-1)y?+(a-1)x° (a-1)z’+(a-1)y°+(a-1)x?
((a-1)z%+(a-1)y?-x%)((a,) z2+2 (a-1) z+(a,) y* +(a,) x?)
(%tZO) lC82,2,4:( +

2
((a-1)z%+(a-1)y’+(a-1)x?)
(az)22+2(a—1)z+(az)y2 2axz((aX)22+(aX)y2+(aX)x2+2(a—l)x)
+
(a-1)z%+(a-1) y* +(a-1) x* ((a-1) z2+(a-1) y2+(a-1) x?)°
2(ay) xz 2az
2 2 2t 2 2 ) /2
(a-1)z+(a-1)y“+(a-1)x° (a-1l)z+(a-1)y“+(a—-1)x
(%t21) lC52,3,2=
((a-1) z2+(a-1) y?-x?) ((ay) z2+(ay) y?+2 (a-1) y +(ay) x?)  (a,) z%+(ay) y?+2(a-1)y
((a-1)z2+(a-1) y2+(a-1) x2)? (a-1)z2+(a-1)y?+(a-1) x?
2
(%t22) lCSZI3,3:
((a-1) z2-y?+(a-1) x%) ((ay) z? +(ay) y?+(ay) x> +2 (a-1) x)  (ay) z2+(ay) x2+2 (a-1) x
((a—l)22+(a—l)y2+(a—l)x2)2 (a—l)z2+(a—1)y2+(a—1)X2
2

axy((ay) z?+2(a-1) z+(a,) vy +(a,) x?)
(%t23) lC82,3,4:( —
((a-1)z2+(a-1) y2+(a-1) x2)°

22+(ay)y2+2 (a—l)y+(ay)x2) ay z((ay) 22+(aX)y2+(aX)x2+2 (a-1) x)

axz((ay)
+

2 2

((a-1)z%+(a-1)y°+(a-1)x?)

(ay)y z (a,) x z

((a-1)z%+(a-1)y’+(a-1)x?)
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” Provo a semplificare una delle componenti del simbolo di Christoffel
di seconda specie.

77(%i60) ratsimp (mcs[2,2,2]);

| (3060) - ((2a-1)(ax?+(-2a%+4a%-2 a)x) 2% -a(a,) x% 2+
((2 a-1)(a,) x°+(-2 a>+4 a®-2 a)x)y2—a(ay)x3y+(a—1)(ax)x4)/((2 a’-4a+2)
z34((4 a2 -8 a+4) y2+(4 a® -8 a+4)x%) z2+(2 a* -4 a+2) yi+(4 a2 -8 a+4) x* y2 +
(2 a%-4a+2)x%)

" Creo il tensore di Riemann sopprimendo 1'output che probabilmente sarebbe
troppo lungo per essere stampato.

N

) riemann (false);

T
o oP

) done

Ora faccio lo stesso calcolando i1l tensore di Ricci.

62) ricci(false);
done

Ora trasformo il tensore di Ricci in matrice.

N N N N
o o
O
o
N

(%163) mat_ricci: ratsimp( matrix(
[ ric[1l,1],ric[1,2],ric[1,3],ric[1,4]1],
[ ric[2 1],riC[2,2],r1C[2,3],r cl2,4]],
[ ric[3 ,1],ric[3,2],r1c[3,3],r1c[3,4]],
[ ric[4,1],ric([4,2],ric[4,3],ric[4,41]))%S
7 Innanzi tutto controllo che i termini non diagonali della
B prima riga e colonna siano degli zeri.
77(%i64) forsezeri: [rat51mp(r1c[2 1]),ratsimp(ric[3,1]),ratsimp(ric[4,1]),
ratsimp(ricll1l,2]),
ratsimp(ricl1,3]),
ratsimp(ric([1,4])];
| (%064) [0,0,(),O,(),O]
:7 Controllo che il tensore di ricci e' un tensore simmetrico... come da manua
| ma se uno vuol fare il san Tommaso...
7 (%i65) certozeri: [ratsimp (ric([2,3]-ric[3,2]), ratsimp(ric([2,4]-ricl[4,2]),
ratsimp(ric([3,4]-ric([4,3]) 1;
| (%065) [0,0,0]
:7 Questi non sono zeri ma se la funzione a(x,y,z) assume
dei valori adequati lo debbono diventare...
Intanto 1i stampo...
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” (%166) ratsimp(ric[1,1]);

(3066) (((a2—2 a+l)(azz)+(1—a)(ayy)+(ay)2+(l—a)(aXX)+(aX)2>z2+
(( 2a%-2 a)(ay,)-2(ay)(a,)) y+((2 a2 -2 a)(a,,)-2 (a,)(a,)) x+(2 a? -2 a)(az)) 2+

(1-a) +(a

Z)2 +(a?-2 a+1)(ayy)+(l —a)(aXX)+(aX)2)y2+

((251 -2 a) axy)—Z(ax)(ay))xHZ a’-2 a)(ay))y+
(1 ~a)(a, ) +a,)* +H(1-a)(a, )+ a,)” +(a -2 a+1)(axx)>x2+(2 a’-2a)(ay)x) /(
(2a-2)z*H2a-2)y*+(2a-2)x?)

7 (2167) ratsimp(ric[2,2]);
(5067) - ((a-1)(ay)? z%+

(2-2 a)(a,)(a,)+(2 a® -4 a+2)(axz))x+(—2 a’+6a%-6 a+2)(az))z3+((2 a-2)
(ax)2y2+(((2—2 a)(ay)(a,)+(2 a® -4 a+2)(axy)>x+(—2 al+6 a’-6 a+2)(ay))y+
(—a?+2a-1)(a,,)+a-1)(a,)*+a-1)(a, )—(a,)” +(2 a®-3 a+1)(axx)—(ax)2)x2+
(-2 a>+8 a’-10 a+4)(a,) x-2 a*+6a’-6a+2a) z%+(
( 2-2a)(
( (a

(
2a(ay) z

+2 a-2 az)(ayz))x2y+(2(aX)<aZ)+(2—2 a)(a,,)) x>+(2-2 a)(a,) x*)
z+(a—-1)(a, ) y +

(

(
(-2 a>+8 a’-10 a+4)(a,) x-2 a*+6a’>-6a%+2a) y?+

+H2-2 a)(a,,)) x> +(2-2 a)(ay)xz)y+

a,)(a,)+(2 a4 a+2)(aXZ))x+(—2 al+6 a’-6 a+2)(az))y2+
z)
2 a)(ay)(a,)+(2 a® -4 a+2)(axy))x+(—2 a+6 a’-6 a+2)(ay))y3+(
)

(2-2 a)
a-1)(a,,)—(a,)*+(-a?+2 a-1)(a, )+a-1)(a,)* +(2 a’-3 a+1)(axx)—(ax)2)x2+

( (az)2+(a—1)(ayy)—(ay)2+(a2—2 a+1l)(a, ))x4+<2 a’-6a+4)(a,) x>)
/

(2a3—6a +6a-2)z+((4 a>-12 a®+12 a- 4)y +(4 a3 -12 a%+12 a-4) x%) z% +

(2 a®>-6 a? +6a—2)y +(4 a3-12 a®+12 a-4) x° v 24(2a°-6a*+6a-2)x%)
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" ($168) ratsimp(ric(3,31);

(%068) —((a-1)(a )2 z4+

y
((2—2 a)(a,)(a,)+(2 a*-4 a+2)(ayz))y+(—2 a+6 a’-6 a+2)(az)) z3+(
(

+ a—l)(az)2+(2 a-3 a+1)(

zz) 1

a, ) -(a,)? +a-1)(a, ) ~(a,)?) y?+
((2—2 a)(ay)(a,)+(2 a*-4 a+2)(axy))x+(—2 a>+8 a’-10 a+4)(a ))y+(2 a-2)

(a,)? x°+(-2 a’+6 a’~6a+2)(a,) x-2a*+6a°-6a’+2a) z%+(

a,)(a,)H2-2 a) ((251 H2a-2a%)(a,,))x+2-2 a)(az))y2+

(2-2a)(a,)(a,)+(2 a2—4 a+2)(ayz))x y+(-2a3+6 a’-6 a+2)(az)x2) z+

(2 (ay)(a,)+(2-2 a)(a,,)) x+(2 a*-6 a+4)(ay))y3+(

(a-1)(a a )’+(2a%-3a+1)(a

zz)(az)

(
((a—l)(azz)—(az)2+(a2—2 a+1)(ayy)+(a—1)(axx)—(ax)2)y4+

yy)—(ay)Z +(—a?+2 a—l)(axx)+<a—1)<ax)2) %2 +

2
(2-2a)(ay)x) y°+
_ 2 _ _ 2 _
((2 2 a)(ay)(ay,)+(2 a 4a+2)(axy))x +(-2 a3+8 a®-10 a+4)(ay)x)y+(a 1)
2 x4 +(-2a+6a’-6a+2)(a) x>+ -2a+6a-6a’+2a)x?)/(
(2a3-6a%+6a-2)z+((4a>-12 a%+12 a-4)y?+(4 a>-12 a?+12 a-4)x?) z% +
(2a°-6a%+6a-2)y*+(4a°-12 a’+12 a-4)x% y2+(2 a°>-6 a?+6 a-2)x*)

7 (%169) ratsimp(ric([4,4]);
(%069) - ((( 2_2 a+1)(aZZ)+(a_l)(ayy)_(ay)2+(a_1)(axx)_(aX)2> Z4+
(ay)+(2-2a)(a, ) y+(2(ay)(a,)+(2-2 a)(a,,)) x+(2 a®-6 a+4)(az)) 274

2 a’2-3a+1)(a 2 +(—a’+2 a-1)(a

a " a—l)(ay)Z+(a—1)(axx)—(ax)2)y2+

vy H
+(2a-2 a )(axy))x+(2—2 él)(ély))y’L

yy)—(ay)Z +(—a?+2 a—l)(axx)+<a—1)<ax)2) %2+

zz)_( z

2a2—3 a+l)(a,,)—(a,*+a-1)(a
-2 a)(ay) x) z +(((2—2 a)(a,)(a,)+(2 a*-4 a+2)(ayz)>y3+
2-2a)(ay)(a,)+(2 a® -4 a+2)(aXZ))x+(—2 a>+8 a%-10 a+4)(az))y2+

2-2 a) a,)H2 a? -4 a+2)(a,,))x? y+H((2-2 a)(a,) (a,)H(2 a® -4 a+2)(a,,))

34(-2a%+8a%-10 a+4)(ay) x?) z+a-1)(a,)? y*+(-2 a®+6 a®-6 a+2)(a,)y>+

2a-2) x2+(-2 a3+6 a%-6 a+2)(a,) x-2 at+6 a3-6 a2+2 a>y2+

Z

x3 +

(2t
(
(24
(
(
(
(

~2a’+6a’-6a+2)(a,)x’ y+la-1)(a,)? x*+(-2a°+6 a’-6 a+2)(a

ay) )

(-2 a%+6a’-6a%+2a)x?)/((2a°-6a%+6a-2)z%+
(4 a3-12a%+12 a-4)y?+(4 a°-12 a®+12 a-4)x%)z%+(2 a°>-6 a?+6 a-2)yi+
(4a3-12 a®+12 a-4)x% y?+(2a°-6a*+6a-2)x%)
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L (%170) ratsimp(ricl[2,3]);

(%070) —((a—l)(ax)(ay)z4+

( a,)+(a%-2 a+l)(a, ))y+((1—a)(ay)(az)+(a2_2 a+l)(ayz)>x)z3+(
((a- (a,)H(a® -2 a+1)(ay,))y2+ (

((-a®+2a-1)(a, ) +a- 1)(az)2+(a2—a)(ayy)—a(ay)z+(a2—a)(axx)—a(ax)2)x+

(a®-2a+1)(a,)) y+(a 1)(ay)(a,)+(a® -2 a+1)(axy)>x2+(a2—2 a+l)(a,)x) z°+

(((1—a)<a Na)Ha? -2 a+1)(a,,) v +(a+1)(ay) (@) H(1-a%)(ay ) x y?+

((a+1 (ay)(a,)+ (1—a2)(axz))x2+(2 a’-6a’+4 a)(az)x)y+

((1 -a) (a,)+(a’-2 a+1)(a ))x3) z+a*-2a+1)(a,,)y*+

((a 1) ~(a,) +(a2—a)(aXX)—a(aX)2>x+(a2—2 a+l)(ax))y3+
(Za +H2-2 a)(a,,)) x* +(2 a3-5a%+2 a+l)(ay)x)y2+(

( (az)2+<a2—a)<a”)—a(ay)Z)x3+(2 a’-5a’+2 a+1)(a,) x*+
(

2a'-6a’+6a’-2a)x) y+a®-2a+l)(a,,)x +(a?-2a+1)(a,) x>) / (

xy
(2a%-6a%+6a-2)z+((4 a>-12 a%+12 a-4)y?+(4 a>-12 a?+12 a-4)x?) z% +
(2a°-6a%+6a-2)y*+(4a°-12 a’+12 a-4)x% y2+(2 a°>-6 a?+6 a-2) x*)

7 (3i71) ratsimp(ric([2,4]);
(2071) - ((a®-2 a+1)(a,,) 2+ (((1-a)(a,) (a)Ha% -2 a+1)(a,,) y +

~(ay) 2Ha%-a)l XX)—a(aX)Z)x+(a2—2 at+l)(ay)) z>+(
(a,)+(a?-2 a+1)<axz))y2+((a+1)(ay)(az)+<1—a2)<ayz))xy+
2 a(a,)(ay)+(2-2a)(a,,)) x*+(2a>-5a+2 a+l)(a,) x) z°+(

((a-
((a-
(
( S+’ —2a+1)(axy))y3+(
((a?
(
(a2
(

(a“—-a) —a(az)2+(—a2+2 a—l)(ayy)+(a—1)(ay)2+(a2—a)(axx)—a(ax)2)x+
a?-2a+1l)(a ))y2+(((a+l)(ax)(ay)+(l—az)(axy)>x2+(2 a’-6a®+4 a)(ay)x)y+
(a?-a)(a,,)-a(a,)? +(a-1)(a,,)~(a))?)x>+(2 a®-5 a®+2 a+1)(a,) x* +

2a*-6a*>+6a’-2a)x) z+(a—l)(ax)(az)y4+<(1—a)(ay)(az)+(a2—2 a+1)(ayz))x
y3+(((a—1)(ax)(az)+(a2_2a+1)(a ))X2+(a2_2a+1)(az)x)y2+
((1—a)(ay)(az)+(a2—2 a+l)(a ))x vHa?-2a+l)(a,,) xt+(a?-2a+1l)(a,) x>) /

(2a°-6a’+6a-2)z%+((4a>-12a%+12 a-4)y?+(4 a>-12 a?+12 a-4)x?%) z% +

(2a°-6a%+6a-2)y*+(4a°-12 a’+12 a-4)x% y2+(2 a°>-6 a?+6 a-2)x*)
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7 ($172) ratsimp(ric(3,41);

 (3072) - ((a?-2 a+1)(ayz)z4+(((a2—a)(ayy)—a(ay)2+(a—1)(axx)—(ax)2)y+
((1—a)(ax)(ay)+(a2—2 a+1)(axy))x+(a2—2 a+l)(ay)) z>+(

(2 alay)(a,)+(2-2 a)(ayz))y2+

(a+1)(ay)(a,)+(1-a?)(a )) +(2 a3-5a%+2 a+1)(a ))y+

+(
(a-1)(ay)(a,)+(a-2 a+1) yz)x ) 224 (
)—

(<a+1)<ax)(ay)+(1—a2)(axy))x+(2 a3-5a’+2 a+l)(ay))y2+(

(a’-a)(a,,)-ala,)?+(a’-a)la, )-ala,)’ +(-a’+2 a-1)(a )+<a—1)<aX)2)x2+

ZZ) Z yy) Yy

(
(
((a?-a)(a,)-ala)? Ha-1)(a,)-(a)?) v
(
(
(

2a3-6a’+4a)(a,)x+2a*-6a+6a°-2a) y+((1—a)(ax)(ay)+(a2—2 a+1)(axy)>

34(a’-2a+l)(a,) x*) z+(a’-2 a+1)(ayz)y4+

X y)
(((1—a)(ax)(az)+(a2—2 a+1)(axz))x+(a2—2 a+l)(az))y3+
((a—l)(ay)(az)+(a2—2 a+1)(ayz))x2 ye+
((1—a)<ax>(az)+<a2—2 a+1)<axz>)x3+(a2—2 a+1>(az)x2)y+<a—1)<ay)<az>x4)/(
(2a’-6a%+6a-2)z+((4 a>-12 a%+12 a-4)y?+(4 a>-12 a?+12 a-4)x?%) z% +
(2a°-6a%+6a-2)y*+(4a°-12 a’+12 a-4)x% y2+(2 a°>-6 a?+6 a-2) x*)

Ora mi preparo a specificare cosa deve valere la funzione a(x,vy,z) per fare

in modo che la metrica sia quella di un buco nero neutro ossia sia la metri
di Schwarzschild.

7 (%173) vOn:2*m/rg” (1/2);
2 m

N z? +y? +x?

(%073)

Specifico tutte le derivate di primo e secondo ordine.

(%174) vxn:ratsimp(diff (vOn,x));

2mx
(%074)

3/2
(22 +y2+x2)

(%$175) vyn:ratsimp (diff (vOn,y))$
(%$176) vzn:ratsimp (diff (vOn,z))$

(%177) vxxn:ratsimp (diff (vxn,x));
«/22+y2+x2 (2mz%+2 my2—4mx2)

(%077)
643 y2+3 x%) z4 +(3 y4+6 x? y2+3 x4)22+y6+3 x? y4+3 x4 y2+x

6

N NN TN NN

(%$178) vyyn:ratsimp (diff (vyn,vy))S$
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Ky(%i79) vzzn:ratsimp (diff (vzn,z))$

(%180) vxyn:ratsimp (diff (vxn,y));
bmxy

Al z2 +y2+X2 (z4+(2 y2+2 x%) z° +y4+2 x? y2+x4)

(%080)

(%$181) vxzn:ratsimp(diff (vxn,z))S$

(%$182) vyzn:ratsimp(diff (vyn,z))S$

NN TN N

Ora sostituisco alle derivate alcuni simboli ossia uso v0, vx, vy, vz, VXX,
VXy, Vzz, VXY, VXZ, VYZ.
Inizio la procedura con ricl[l,1]

77(%i83) rics:ratsimp(ric([1,1]);
(3083) ((<a2—2 a+1)(ay)+(1-a)(a, )+ a,)? +<1—a)<aXX)+(aX)2) z%2+
(2 a%-2 a)(ayz)—Z(ay)(a203/+02 a2 -2 a)(axz)—Z(ax)(aZ{)x+12 a2-2 a)(azg;z+

Ha?=2 a+1)(ay ) +(1-a)(a,)+a)? )y +

(1-a)(a, )+a)?+(1-a)(a, )+(a,)?+(a>-2 a+l)(aXX)>x2+(2 a’-2a)(a,)x) / (

dyy y
2a-2)z%+(2a-2)y?+(2a-2)x%)

(
(
(12 a%-2 a)(apy -2 (a0(a)) x+(2 a2 -2 a)(ay)) y +
(
(

(%$184) ricl:ratsimp (subst (vx,diff (a,x),rics))$

(%$185) ric2:ratsimp (subst (vy,diff(a,y),ricl)) s

(%$186) ric3:ratsimp (subst(vz,diff(a,z),ric2))s

(%$187) ricd:ratsimp (subst (vxx,diff(a,x,2),ric3))Ss

(%$188) ricb:ratsimp (subst (vyy,diff(a,y,2),ricd))s

(%$189) ric6:ratsimp (subst(vzz,diff(a,z,2),rich))s

(%$190) ric7:ratsimp (subst (vxy,diff(diff(a,x),y),ric6))s

(%$191) ric8:ratsimp (subst (vxz,diff(diff(a,x),z),ric7))$s
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(%$192) ric9:ratsimp (subst (vyz,diff(diff(a,y),z),ric8))S
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L

(%193)
(%$093)

rica:ratsimp (subst (v0,a,ric9));

Mhm2—2VO+Mquﬂl—v0hqy+vyzﬂl—vmwa+W§

10 / 23

(((2 v0Z4 -2 v0)vyz—-2 vy vz)y +((2 v0Z4 -2 v0) vxz—-2 vx vz) X+(2 ) v0)vz) z+

«1—V0MMZ+VZZHV02—2V0+1)WQH%1—VMLWX+VX%}£+

(((2 V0% -2 v0) vxy -2 vx vy) x+(2 v0% -2 v0) vy) v +

((l—vO)sz+vz2+(1—v0)Vyy+vy2+(v02—2 V0+l)vxx)x2+ﬁZv02—2 vOYvx x) / (
(2 v0-2)z?+(2 vO-2) y2+(2 v0O-2) x*)

{T Ora sostituisco ai simboli le vere funzioni dedotte a partire da vOn.

d
d
d
d
d
d
d

d
d
d

N

($194)

(%$195)

(%$196)

($197)

(%$198)

(%$199)

(%$1100)

($1101)

($1102)

($1103)

Ecco 11 test cruciale:

ricln:

ric2n:

ric3n:

ricdn:

richn:

ricén:

ric7n:

ric8n:

ric9n:

rican:

ratsimp (subst (vxn,vx, rica))$
ratsimp (subst (vyn,vy,ricln))$
ratsimp (subst (vzn,vz,ric2n))$
ratsimp (subst (vxxn, vxx,ric3n))$
ratsimp (subst (vyyn,vyy,ricdn))$
ratsimp (subst (vzzn,vzz,ricbn))$
ratsimp (subst (vxyn, vxy,ricébn))$
ratsimp (subst (vxzn,vxz,ric7n))$
ratsimp (subst (vyzn,vyz,ric8n))$

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

o cosa vien fuori ?

($1104)
(50104)

ratsimp (rican) ;

0

Ef Ripeto tutta la procedura con ricl[2,2]

sostituendo e sostituendo alla fine viene zero
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L ($1105) rics:ratsimp(ricl2,2]);
50105) ~ ((a-1)(ay)? z%+

(
(2 2 a)(ay)(a,)+(2 a® -4 a+2)(axz))x+(—2 a+6 a’-6 a+2)(az))z3+((2 a-2)
a

(a,)?y +(((2—2 a)(ay)(a,)+(2 a* -4 a+2)(axy)>x+(—2 a’+6a“-6 a+2)(ay))y+

( —a+2a-1)(a,)+a-1)(a,)*+a-1)(a, ) —(a,)” +(2 a®-3 a+1)(axx)—(ax)2)x2+
(-2 a>+8 a’-10 a+4)(a,) x-2 a*+6a>-6a+2a) z%+(

( 2-2a)(a,)(a,)+(2 a’-4 a+2)(aXZ))x+(—2 al+6 a’-6 a+2)(az))y2+

(2 atay,)(a,)+(2 a-2 a%)(a, ) 2 ¥ H2 (a,)(a,) H2-2 a)(a,,) x> +(2-2 a)(a,) x%)
z+a-1)(a,)? y*+

((2 —2 a)(ay)(a,)+(2 a* -4 a+2)(axy))x+(—2 a3+6 a’-6 a+2)(ay))y3+(

((a 1) )—(a,)*+(-a’+2 a-1)(a,)+(a-1)(a,)” +(2 a®-3 a+1)(axx)—(ax)2)x2+
(-2 a3+8 a2—1o atd)(a,)x-2a*+6a’-6a’+2a) y’+

(2 H2-2 2) (ay,) %7 +(2-2 ) (a,) x7) v +

( (az)2+(a—1)(ayy)—(ay)2+(a2—2 a+l)(aXX)>x4+(2 a’-6a+4)(a,) x°)
/(2a3 6a+6a-2)z%+((4 a%>-12 a%+12 a- 4)y 24(4 a°-12 a%?+12 a-4) x%) z% +

(2 a®>-6 a? +6a—2)y'+(4a -12 a%+12 a-4) x@ y 24(2a°-6a*+6a-2)x%)

($1106) ricl:ratsimp (subst (vx,diff (a,x),rics))$

($1107) ric2:ratsimp (subst (vy,diff(a,y),ricl)) s

($1108) ric3:ratsimp (subst (vz,diff(a,z),ric2))s

($1109) ricd:ratsimp (subst (vxx,diff(a,x,2),ric3))$s
($1110) rich5:ratsimp (subst (vyy,diff(a,y,2),ricd))s
($1111) ric6:ratsimp (subst (vzz,diff(a,z,2),rich))s
($1112) ricT7:ratsimp (subst (vxy,diff(diff(a,x),y),ric6))s

($1113) ric8:ratsimp (subst (vxz,diff(diff(a,x),z),ric7))s$
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($1114) ric9:ratsimp (subst (vyz,diff(diff(a,y),z),ric8))S$
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? ($1115) rica:ratsimp (subst (v0,a,ric9));

(30115) — ((v0-1) vx? z%+

(((2-2 v0) vx vz+(2 V02 —4 v0+2) vxz) x+(—-2 v034+6 v02 -6 vO+2) vz) z3+ ((2 vO-2)

Vx2y2+ﬂ(2—2v0)vxvy+(2V02—4V0+2)ny)x+(—2V03+6V02—6V0+2)Vy)y+
(-v0%2+2 vO-1)vzz+(v0-1) vz? +(v0-1) vyy —vy2 +(2 v0? -3 vO+1) vxx - vx?) x* +
(=2 v03+8 v0?-10 v0+4) vx x—2 v0*+6 v0> =6 v02+2 v0) z°+ (

(((2-2 v0)vx vz+(2 v0Z4 -4 vO+2)vxz)x+(—-2 v03 +6 V02—6‘v0+2)vz)y2+

(2 vOvy vz+(2 v0-2 VOZ)VyZ)XZy#%2XD<Vz+(2—2 VO)VXZ)X3+(2—2 VO)VZXQ) z+
(vO-1)vx? y4+

(((2-2 v0) vx vy +(2 v0? =4 vO+2) vxy) x+(—2 v0>+6 v0% -6 vO+2) vy) y° + (

(vO-1)vzz-vz?+(-v0%2+2 vO-1) vyy +(v0-1) vy +(2 v0? -3 vO+1) vxx —vx

(-2 v03+8 v02-10 vO+4) vx x-2 v01+6 v03 -6 v0%2+2 v0) y?+
2
)

2)X2+

(2 vx vy +(2 -2 VO)ny)x3+(2—2 v0) vy X°)y +
((v0O-1) vzz-vz? +(v0-1) Vyy—vy2 +(V02—2 vO+1) VXX)X4 +(2 v0% -6 vO+4) vx X3) /
(2 v03-6 v02+6 v0-2)z%+
(4 v03-12 v02+12 v0-4) y2+(4 v03 -12 v0?+12 v0-4) x%) z2 +
(2 v02-6 v02+6 vO-2)yd+(4 v03-12 v02+12 vO-4) x* y2 +(2 v0> -6 v0%+6 v0-2)
X4)

E? Ora sostituisco ai simboli le vere funzioni dedotte a partire da vOn.
($1116) ricln:ratsimp (subst (vxn,vx,rica))$
(%1117) ric2n:ratsimp (subst (vyn,vy,ricln))$
($1118) ric3n:ratsimp (subst (vzn,vz,ric2n))s$
($1119) ricdn:ratsimp (subst (vxxn,vxx,ric3n))$
(%1120) ricbn:ratsimp (subst (vyyn,vyy,ricdn))$
($1121) ricébn:ratsimp (subst (vzzn,vzz,ricbn)) s
($1122) ricTn:ratsimp (subst (vxyn,vxy,ricébn))$
($1123) ric8n:ratsimp (subst (vxzn,vxz,ric7n))$
($1124) ricY9n:ratsimp (subst (vyzn,vyz,ric8n))$
($1125) rican:ratsimp (subst (vOn,v0,ric9n))$

Ecco 11 test cruciale: sostituendo e sostituendo alla fine viene zero
o cosa vien fuori °?
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esperimenti_ctensor-wxm2.wxm 13 / 23

($1126) ratsimp(rican);
(%0126) 0

Ef Ripeto tutta la procedura con ric[3, 3]

L ($1127) rics:ratsimp(ric[3,3]);

(%0127) - ((a—l)(azy)2 z%+

((2—2 a)(a,)(a,)+(2 a*-4 a+2)(ayz))y+(—2 al+6 a’-6 a+2)(az)) z3+(
(-a?+2a-1)(a,)+a-1)(a,)*+(2a%-3 a+1)(a,,)-(a,)’ +(a—1)(axx)—<aX)2)y2+

((2—2 a)(ay)(a,)+(2 a*-4 a+2)(a ))x+(—2 a’+8 a%-10 a+4)(ay))y+(2 a-2)

Xy

S xPH(-2a%+6a%-6a+2)(a)x-2a%+6a°-6a%+2a) 22+ (

2 (ay)(az)+(2—2 a)(ayz))y3+((2 alag)(a,)+(2a-2 a2)(axz)>x+(2—2 a)(az))y2+

)(a,)+(2 a4 a+2)(ayz))x2y+(—2 al+6 a’-6a+2)(a,) x?) z+

(
((a—l)(azz)—(az)2+<a2—2 a+1)<ayy)+(a—1)(aXX)—<aX)2)y4+
((2 (ay)(a,)+(2-2 a)(ay,)) x+(2 a’ -6 a+4)(ay))y3+ (

(a-1)(a,,)—(a,)?+(2 a*-3 a+1)( )—(ay)2 +H(—a%+2 a—l)(axx)+(a—l)(ax)2)x2+

Ay y
2-2a)(a,) x) y°+

—_

((2—2 a)(ay)(a,)+(2 a®-4 a+2)(axy))x3+(—2 a>+8 a%-10 a+4)(ay)x2)y+(a—l)
(

a,)? x*+(-2a’+6a’-6a+2)(a,) x> +(-2a*+6a°-6a’+2a)x*)/(
(2a°-6a%+6a-2)z%+((4a°-12a%+12 a-4)y?+(4 a>-12a%+12 a-4)x?) z% +
(2a°-6a2+6a-2)y*+(4a°>-12a%+12 a-4)x% y2+(2 a>-6 a?+6 a-2) x?)

($1128) ricl:ratsimp (subst (vx,diff (a,x),rics)) s

($1129) ric2:ratsimp (subst (vy,diff(a,y),ricl)) s

($1130) ric3:ratsimp (subst (vz,diff(a,z),ric2))s

($1131) ricd:ratsimp (subst (vxx,diff(a,x,2),ric3))Ss

($1132) rich:ratsimp (subst (vyy,diff(a,y,2),ricd))s

($1133) ric6:ratsimp (subst (vzz,diff(a,z,2),rich)) s

($1134) ric7:ratsimp (subst (vxy,diff(diff(a,x),y),ric6))s

($1135) ric8:ratsimp (subst (vxz,diff(diff(a,x),z),ric7))s
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($1136) ric9:ratsimp (subst (vyz,diff(diff(a,y),z),ric8))s
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7 ($1137) rica:ratsimp (subst (v0,a,ric9));

| (20137) - ((vO-1)vy? z%+
(((2-2 v0) vy vz+(2 vO? -4 vO+2) vyz) y+( -2 vO> +6 v0% -6 vO+2) vz) z° + (
((—V02+2 vO0-1)vzz+(v0-1) vz? +(2 v0? -3 vO+1) Vyy—vy2 +(v0-1) Vxx—vx2)y2+
(((2-2 v0) vx vy +(2 v0% -4 v0+2) vxy) x+(=2 v03+8 v02-10 v0+4) vy) y +(2 vO-2)
vyl x2+(=2 v034+6 v04 -6 vO+2) vx x—2 v0i1+6 v03 -6 v0¢+2 v0) z%+ (

24

(2 vy vz+(2-2 VO)VyZ)y3+ﬂ2 vOvx vz+(2 vO-2 V02)VXZ)X+(2—2 vO)vz)y

(2-2v0) vy vz+(2 v0?—4 v0+2) vyz) x% y+(—2 v0>+6 v02 -6 vO+2) vz x%) z+

((v0-1) vzz-vz? +(V02—2 vOo+1l)vyy+(v0-1) VXX—VXZ)y4+

(2 vxvy+(2-2vVv0)vxy)x+(2 v0% -6 V0+4)Vy)y3+-(

((v0-1) vzz-vz? +(2 v0? -3 vOo+1) Vyy—vy2 +(—V02+2 vOo-1) vxx+(v0-1) VX2)X2+

(2-2v0) vx x) y2+

(((2-2 v0) vx vy +(2 v0? -4 vO+2) vxy) x> +(—2 v0>+8 v02-10 vO+4) vy x2) y +

(vO-1)vy? x4 +(-2 v03+6 v0? -6 vO+2) vx x> +(-2 v04+6 vO3 -6 v0% +2 v0) x? ) / (

(2 v03-6 v02+6 v0-2)z%+

(4 v03-12 v02+12 v0-4) y2 +(4 v03-12 v0?+12 v0-4) x%) z2 +

(2 v02-6 v02+6 vO-2)yd+(4 v03-12 v02+12 vO-4) x* y2 +(2 v0> -6 v0%+6 v0-2)
X4)

E? Ora sostituisco ai simboli le vere funzioni dedotte a partire da vOn.
($1138) ricln:ratsimp (subst (vxn,vx,rica))$
($1139) ric2n:ratsimp (subst (vyn,vy,ricln))s$
($1140) ric3n:ratsimp (subst (vzn,vz,ric2n))s$
($1141) ricdn:ratsimp (subst (vxxn,vxx,ric3n))$
(%1142) ricbn:ratsimp (subst (vyyn,vyy,ricdn))$
($1143) ricon:ratsimp (subst (vzzn,vzz,ricbn)) s
($1144) ricTn:ratsimp (subst (vxyn,vxy,ricén))$
($1145) ric8n:ratsimp (subst (vxzn,vxz,ric7n))$
($1146) ric9n:ratsimp (subst (vyzn,vyz,ric8n)) s
($1147) rican:ratsimp (subst (vOn,v0,ric9n))$

Ecco 11 test cruciale: sostituendo e sostituendo alla fine viene zero
o cosa vien fuori °?
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($1148) ratsimp(rican);
($0148) 0
Ef Ripeto tutta la procedura con ricf[4,4]

L ($1149) rics:ratsimp(ric([4,4]);

(50149) —((( 22 a+1)(a, ) Ha-1)(ay ) ~(a,)? Ha-1)(a,,)~(a,)?) 24 +

( (a,)+(2-2a)(a, )y +(2(ay)(a,)+(2-2a)(ay,)) x+(2 a’-6 a+4)(az))z3+(
( 2-3a+1l)(a,,)-(a,)*+(-a*+2 a—l)(ayy)+(a—1)(ay)2+(a—1)(axx)—(aX)2)y2+
( IH2a-2a )(axy))x+(2—2 a)(ay))y+

(2a2 3atl)a,,)-(a,)?Ha-1)(a,)~(a,)? H-a?+2 a-1)(a,,)Ha-1)(a)?) x* +
(2-2 a)(ay) x) z +(((2—2 a)(ay,)(ay)+(2 a® -4 a+2)(ayz)>y3+

( 2 2 a)(a,)(a,)+(2 a’ -4 a+2)(aXZ))x+(—2 a’+8 a®-10 a+4)(az))y2+

(2 2 a)(ay)(a,)H2 a? -4 a+2)(ay,))x? y+((2-2 a)(a,)(a,)#(2 a® -4 a+2) (a,,))
x3+(-2a°+8 a%-10 a+4)(a,) x?) z+(a-1)(a,)* y*+(-2a°+6 a®-6 a+2)(a,) y> +
((2a-2)(a,)? x?+(-2a%+6 a’-6 a+2)(a) x-2 a*+6 a’ -6 a’+2a)y’+

(-

2 a +6a2 6a+2)(a,)x?y+a-1)(a,)’ x*+(-2a°+6a’-6a+2)(a,) x>+

ay) z
(-2a*+6a’-6a’+2a)x?)/((2a>-6a’+6a-2)z%+
(4 a3-12 a%+12 a-4)y?+(4 a°-12 a%+12 a-4)x%)z°+(2 a°> -6 a*+6 a-2) y*

(4a3-12 a®+12 a-4)x%> y?+(2a°-6a*+6a-2)x%)

($1150) ricl:ratsimp (subst (vx,diff (a,x),rics))$

($1151) ric2:ratsimp (subst (vy,diff(a,y),ricl)) s

($1152) ric3:ratsimp (subst (vz,diff(a,z),ric2))s

($1153) ricd:ratsimp (subst (vxx,diff(a,x,2),ric3))$s

(%$1154) ricS:ratsimp (subst (vyy,diff(a,y,2),ric4d))s$

($1155) ric6:ratsimp (subst (vzz,diff(a,z,2),rich))$s

($1156) ric7:ratsimp (subst (vxy,diff(diff(a,x),y),ric6))s

($1157) ric8:ratsimp (subst (vxz,diff(diff(a,x),z),ric7))s$

(%$1158) ric9:ratsimp (subst (vyz,diff(diff(a,y),z),ric8))S$
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" (51159) rica:ratsimp (subst (v0,a,ric9));

I (%0159) —(((V02—2 V0+l)sz+(v0—l)Vyy—vy2+(v0—l)Vxx—vx2)z4+
((2vyvzH(2-2Vv0)vyz)y+(2 vx vz+(2 -2 v0) vxz) x+(2 v0? -6 V0+4)VZ)Z3+(
(2 V0% -3 v0+1) vzz-vz?+(-v0%+2 vO-1) vyy +(vO-1) vy2 +(v0-1) vxx—vx?) y° +
(2 vOvx vy +(2 v0-2 VOZ)ny)X+(2—2 vO)vy) y+

(2 v0? -3 vO+1) vzz-vz? +(v0-1) Vyy—vy2 +(—V02+2 vOo-1) vxx+(v0-1) VX2)X2+
(2-2v0) vx x) Z2+(“2—2 VO)VyVZ+(2V02—4 V0+2)Vyz)y3+

(((2-2 v0) vx vz+(2 v0? -4 v0+2) vxz) x+(—-2 v0> +8 v0%-10 vO+4) vz) y° +
(2-2v0) vy vz+(2 v0?—4 v0+2) vyz) x% y+((2 -2 v0) vx vz+(2 v0% -4 v0+2) vxz)
X3 H(=2 v03+8 v02-10 vO+4) vz x%) z+(v0—-1)vz? yi+(-2 v03+6 v02-6 vO+2) vy
_y3+“2 V0—2)V724X2+(—2 v03+6 v02-6 vOo+2)vx x—2 v0?+6 v03 -6 v02+2 VO)y2+
(-2 v03+6 v02-6 V0+2)EQ’X2)/+(V0—1)V72<X4+(—2 v03+6 v02-6 V0+2)XD{X3+
(-2 v0*+6 v03 -6 v0%+2 v0)x%) / (2 v03 -6 vO? +6 v0-2) z* +

(4 v03-12 v02+12 v0O-4) y2+(4 v03-12 v0?+12 v0-4) x%) z2 +

(2 v02 -6 v02+6 vO-2) yd+(4 v03-12 v02+12 vO-4) x* y2 +(2 v0> -6 v0%+6 v0-2)

E? Ora sostituisco ai simboli le vere funzioni dedotte a partire da vOn.
($1160) ricln:ratsimp (subst (vxn,vx,rica))s$

($i161) ric2n:ratsimp (subst (vyn,vy,ricln))s$

($1162) ric3n:ratsimp (subst (vzn,vz,ric2n))s$

($1163) ricdn:ratsimp (subst (vxxn,vxx,ric3n))$

($i164) ricbn:ratsimp (subst (vyyn,vyy,ricdn))s$

($1165) ricon:ratsimp (subst (vzzn,vzz,ricbn)) s

($i166) ricTn:ratsimp (subst (vxyn,vxy,ricébn))$

($1167) ric8n:ratsimp (subst (vxzn,vxz,ric7n))$

($1168) ric9n:ratsimp (subst (vyzn,vyz,ric8n))$

($1169) rican:ratsimp (subst (vOn,v0,ric9n))$
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Ecco 11 test cruciale: sostituendo e sostituendo alla fine viene zero
o cosa vien fuori °?

" (%1170) ratsimp (rican);
(%0170) O
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" Ora verifico anche i termini NON DIAGONALI che possono essere diversi
da zero se la funzione non possiede le opportune caratteristiche.

L ($1171) rics:ratsimp(ric([2,3]);

| (30171) - ((a-1)(ay)(a,) z*+
(((1—a)(ax)(az)+(a2—2 a+1)<axz))y+((1—a)(ay)(az)+<a2—2 a+1)(ayz)>x) 23+

(a-1)(ay)(a,)+(a? -2 a+1)(axy))y2+(

((—a2+2 a—l)(azz)+(a—1)(az)2+(a2—a)(ayy)—a(ay)2+(a2—a)(axx)—a(ax)?)x+
(

a’-2a+1)(a,)) y+((a—1)(ax)<ay)+<a2—2 a+1)(axy)>x2+(a2—2 a+l)(a,)x) z%+

((Cl—a)(axﬂé%)+(a2_2 a+l)(axzi)y3+(ha+1)(ay)(az)+(l—a2)(ay2024y2+
(a+1)(a )(az)+<1—a2)<axz))x2+(2 a’-6a’+4 a)(az)x)y+

ZyHa2—2a+lHa

yz))x3) zHa?-2a+l)(a,,)y*+

(2 alay)(a,)+(2-2a)(ay,) x*+(2a>-5a*+2 a+1)(ay)x)y2+(

((a—l)(azz)—(az)2+(a2—a)(axx)—a(ax)2>x+(a2—2 a+l)(ax))y3+
((a—l)(azz)—(az)2+(a2—a)(ayy)—a(ay)Z)x3+(2 a’-5a’+2 a+l)(a,) x>+
(

2a'-6a’+6a’-2a)x) y+a’-2a+l)(a,,)x" +Ha*-2a+1)(a,)x>) /(

)
Xy
(2a°-6a%+6a-2)z4+((4a°-12a%+12 a-4)y?+(4 a>-12 a%+12 a-4)x?) z% +

(2a%-6a2+6a-2)y*+(4a>-12a%+12 a-4)x% y°+(2 a>-6 a*+6 a-2) x?)

($1172) ricl:ratsimp (subst (vx,diff (a,x),rics)) s

($1173) ric2:ratsimp (subst (vy,diff(a,y),ricl))s

($1174) ric3:ratsimp (subst (vz,diff(a,z),ric2))s

($1175) ricd:ratsimp (subst (vxx,diff(a,x,2),ric3))Ss

($1176) rich:ratsimp (subst (vyy,diff(a,y,2),ricd))s

($1177) ric6:ratsimp (subst (vzz,diff(a,z,2),rich)) s

($1178) ric7:ratsimp (subst (vxy,diff(diff(a,x),y),ric6))s

($1179) ric8:ratsimp (subst (vxz,diff(diff(a,x),z),ric7))s

($1180) ric9:ratsimp (subst (vyz,diff(diff(a,y),z),ric8))s

r~“ rNy rNrNrNrN PN PN N
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? ($1181) rica:ratsimp (subst (v0,a,ric9));
(%0181) — ((vO-1)vx vy z4+

3

(((1-v0) vx VZ+(V02—2 vOo+1l)vxz)y+((1-v0) vy VZ+(V02—2 vOo+1l)vyz)x)z>+ (

((v0-1) vx Vy+(v02—2 V0+l)vxy)y2+(

((—V02+2 VO—l)sz+(v0—l)Vz2+(v02—v0)vyy—v0 Vy2+(v02—v0)vxx—v0 VX2)X+
(V02—2 vOo+1l)vx) y+((v0-1) vx Vy+(v02—2 V0+l)vxy)x2+(v02—2 vOo+1l) vy x) z?2
+(((1-v0) vx VZ+(V02—2 V0+1)sz)y3+((v0+l)vy Vz+(l—v02)vyz)xy2+
(((vO+1) vx VZ+(1—V02) sz)x2 +(2 v03 -6 v02 +4 vl)vz x)y +

((1-v0) vy VZ+(V02—2 vO+1) Vyz)x3) Z+(V02—2 vO0+1) vxy y4+

(((vO0—-1) vzz-vz? +(V02—V0) vxx—v0 VXZ)X+(V02—2 vO+1) Vx)y3+

(2 vO0vx vy +(2-2vO0) ny)x2+(2 v03 -5 v02 +2 vOo+1l) vy x)y2+(

24

((v0-1) vzz-vz? +(V02—V0) vyy —vO0 VyZ)X3 +(2 v03 -5 v02 +2 vO+1l) vx x
(2 v04=6 v03+6 v0% -2 v0)x) y+(v0? -2 vO+1) vxy x* +(v02 -2 vO+1) vy x°) / (
(2 v03 -6 v0?+6 v0-2) z* +

(4 v03-12 v0%2+12 v0—-4) y2+(4 v03 =12 v02+12 vO—-4) x2) z2 +

(2 V02 =6 v02+6 vO—-2) yi+(4 v03-12 v02+12 vO-4) x° y2+(2 v0> -6 v0%+6 v0-2)

| x)

{? Ora sostituisco ai simboli le vere funzioni dedotte a partire da vOn.
(%1182) ricln:ratsimp (subst (vxn,vx,rica))$
($1183) ric2n:ratsimp (subst (vyn,vy,ricln))s$
(%$1184) ric3n:ratsimp (subst (vzn,vz,ric2n))s$
(%1185) ricdn:ratsimp (subst (vxxn, vxx,ric3n))$
($1186) ricbn:ratsimp (subst (vyyn,vyy,ricdn))$
(%1187) ricén:ratsimp (subst (vzzn,vzz,ricbn))$
($1188) ric7n:ratsimp (subst (vxyn, vxy,ricén))s
(%1189) ric8n:ratsimp (subst (vxzn,vxz,ric7n))$
($1190) ricY9n:ratsimp (subst (vyzn,vyz,ric8n))$
(%1191) rican:ratsimp (subst (vOn,v0,ric9n))s$

Ecco 11 test cruciale: sostituendo e sostituendo alla fine viene zero
o cosa vien fuori ?
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7 (%1192) ratsimp (rican);
(%0192) O

;7 Verifico anche il termine NON DIAGONALE r[2,4] che puo' essere diverso
da zero se la funzione non possiede le opportune caratteristiche.

? ($1193) rics:ratsimp(ricl2,4]);
(%0193) —((a2—2 a+1)(axz)z4+((Cl—a)(ax)(ay)+(a2—2 a+l)(axy0)/+

a,,)~(a,) +(a2—a)(axx)—a<aX)2)x+(a2—2 a+1)(ay)) z3+(

(a-1)(ay)(a,)+(a’-2 a+l)(axz))y2+((a+1)(ay)(az)+(l—a2)(ayz)>xy+

2 alay)(a,)+(2-2a)la,,)) x*+(2a>-5a’+2 a+1)(a,) x) z°+(

~a)(ay,)-ala)? H—a2+2 a-1)(a,,)+Ha-1)(a,)’ +(a2—a)(axx)—a<ax)2)x+

2

a’-2a+l)(a,)) y*+

N

(

((1—a)(ax)(ay)+(a2—2 a+1)(axyi)y3+(
( ((a+1)(ax)(ay)+(l—a2)(axy)>x2+(2 a’-6a%+4 a)(ay)x)y+
((a2—a)(azz)—a(az)2+(a—l)(ayy)—(ay)2)x3+(2 a’-5a’+2 a+1l)(ay,) x>+
(2a?-6a%+6a%-2a)x) z+(a—1)(aX)(az)y4+((l—a)(ay)(az)+(a2—2 a+1)(ayz))x
y3+(((a—1)(ax)(az)+(a2—2 a+1)(axz))x2+(a2—2 a+1)(az)x)y2+
((l—a)(ay)(az)+(a2—2 a+1)(ayz))x3y+(a2—2 atl)(a,,) x*+(a’-2a+1)(a,) x>)/

(2a°-6a?+6a-2)z%+((4 a%-12 a’+12 a-4)y?+(4 a>-12 a?+12 a-4) x?) z° +
(2a%-6a2+6a-2)y*+(4a°-12a%+12 a-4)x% y°+(2 a>-6 a*+6 a-2) x?)

($1194) ricl:ratsimp (subst (vx,diff (a,x),rics)) s

($1195) ric2:ratsimp (subst (vy,diff(a,y),ricl))s

($1196) ric3:ratsimp (subst (vz,diff(a,z),ric2))s

($1197) ricd:ratsimp (subst (vxx,diff (a,x,2),ric3))Ss

($1198) rich:ratsimp (subst (vyy,diff(a,y,2),ricd))s

($1199) ric6:ratsimp (subst (vzz,diff(a,z,2),rich)) s

($1200) ric7:ratsimp (subst (vxy,diff(diff(a,x),y),ric6))s

($1201) ric8:ratsimp (subst (vxz,diff(diff(a,x),z),ric7))s

r~“ rNy rNrNrNrN PN PN N

($1202) ric9:ratsimp (subst (vyz,diff(diff(a,y),z),ric8))s
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? ($1203) rica:ratsimp (subst (v0,a,ric9));
(%0203) - ((V02—2 vO+1l) vxz z4 4 (((1-v0) vx Vy+(v02—2 vO+1l)vxy)y+
((VO—l)Vyy—vy2+(v02—v0)vxx—v0VX2)x+(V02—2V0+l)vx)Z3+(
((v0-1) vx VZ+(V02—2 V0+1)sz)y2+((v0+l)vy Vz+(1—v02)vyz)xy+
(2 vOvx vz+(2-2 VO)VXZ)X2+{2 v03 -5 v02 +2 vOo+1l) vz x) z2+(
((l—vO)vxvy+(v02—2V0+1)ny)y3+(

%)

((V02—V0) vzz-v0 vz? +(—V02+2 vO-1)vyy +(v0-1) Vy2 +(V02—V0) vxx—-v0 vx<) x+

(V02—2 V0+1)VX)_y2+“(v0+l)Xofvy+(l—VO2)ny)x2+12 v03 -6 v0% +4 v0) vy xX)y
+((V02—V0) vzz-v0 vz? +(v0-1) Vyy—vyZ)x3+(2 v03 -5 v02 +2 vO+1) vx %2 4

(2 v04=6 v03+6 v0%-2 v0)x) z+(v0-1)vx vz y* +
((l—vO)vyvz+(v02—2V0+l)vyzfxy3+

(((vO0-1) vx VZ+(V02—2 vO+1) sz)x2 +(V02—2 vO+1l) vz x)y2+

(1-v0) vy vz+(v0% -2 vO+1) vyz) x° y+(v0% -2 vO+1) vxz x* +(v0% -2 v0+1) vz x°)
/(2 v03-6v02+6 v0-2)z%+

(4 v03-12 v02+12 v0O-4) y2+(4 v03-12 v0?+12 v0-4) x%) z2 +

(2 v02 -6 v02+6 vO-2)yd+(4 v03-12 v02+12 vO-4) x* y2 +(2 v0> -6 v0%+6 v0-2)
X4)

E? Ora sostituisco ai simboli le vere funzioni dedotte a partire da vOn.
($1204) ricln:ratsimp (subst (vxn,vx,rica))s$
($1205) ric2n:ratsimp (subst (vyn,vy,ricln))s$
($1206) ric3n:ratsimp (subst (vzn,vz,ric2n))s$
($1207) ricdn:ratsimp (subst (vxxn,vxx,ric3n))$
($1208) ricbn:ratsimp (subst (vyyn,vyy,ricdn))s$
($1209) ricébn:ratsimp (subst (vzzn,vzz,ricbn)) s
($1210) ricTn:ratsimp (subst (vxyn,vxy,ricébn))$
($i211) ric8n:ratsimp (subst (vxzn,vxz,ric7n))$
($i212) ricY9n:ratsimp (subst (vyzn,vyz,ric8n))$
($i213) rican:ratsimp (subst (vOn,v0,ric9n))$

Ecco 11 test cruciale: sostituendo e sostituendo alla fine viene zero
o cosa vien fuori °?
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7 (%1214) ratsimp (rican);
(%0214) 0O

:7 Ora verifico anche il termine NON DIAGONALE r[3,4] che potrebbe essere dive

da zero se la funzione non possiede le opportune caratteristiche.

7 (%1215) rics:ratsimp(ric[3,4]);

(50215) - ((a?-2 a+l)(ayz)z4+(((a2—a)(ayy)—a(ay)Z+(a—1)(axx)—(ax)2)y+
Ol—aMaXHay%Haz—Za+lHaXy0x+(a2—2a+lHayU z3+ (
(2a(ay)(a,)+2-2a)(a,,) y+

(a+1)(a,)(a,)+(1-a’)(a )) +(2 a3-5a%+2 a+1)(a ))y+

( #
((a—l)(ay)(az)ﬂ 2 2 4+41) yz)x ) 224 (
((a?-a)(a,)-ala,)? Ha-1)(a,)-(a)?) v

(
(
(

((a+1)(ax)(ay)+(l—az)(axy))x+(2 a3-5a’+2 a+l)(ay))y2+(

(a?-a)(a..)-ala. )’ +(a’-a)(a, )-ala, )’ +(-a%+2 a-1)(a

ZZ) z YY)

Y )+<a—1)<aX)2)x2+
2a-6a’+4a)(a,)x+2a*-6a+6a°-2a) y+((1—a>(ax)(ay)+(a2—2 a+1)(axy)>

34(a?-2a+1)(a,)x%) z+(a%-2 a+1)(ayz)y4+

X v)
(((1—a)(ax)(az)+(a2—2 a+1)(aXZ))x+(a2—2 a+l)(az))y3+

((a—l)(ay)(az)+(a2—2 a+1)(ayz))x2 24

((1—a)<ax>(az>+<a2—2 a+1)(a,,)) x> +(a’-2 a+1>(az>x2)y+<a—1><ay)<az>x4)/(

(2a3-6a%+6a-2)z+((4 a>-12 a%+12 a-4)y?+(4 a>-12 a?+12 a-4)x?%) z% +

—6a’+6a-2)yi+(4a3-12a%+12 a-4)x* y°+(2a°-6a*+6a-2)x?)

N

($i216) ricl:ratsimp (subst (vx,diff (a,x),rics))$

($1217) ric2:ratsimp (subst (vy,diff(a,y),ricl)) s

($1218) ric3:ratsimp (subst (vz,diff(a,z),ric2))s

($1219) ricd:ratsimp (subst (vxx,diff(a,x,2),ric3))Ss
($1220) rich:ratsimp (subst (vyy,diff(a,y,2),ricd))s
($i221) ric6:ratsimp (subst (vzz,diff(a,z,2),rich))s
($i222) ricT7:ratsimp (subst (vxy,diff(diff(a,x),y),ric6))s

($1223) ric8:ratsimp (subst (vxz,diff(diff(a,x),z),ric7))s$
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(%$1224) ric9:ratsimp (subst (vyz,diff(diff(a,y),z),ric8))S$
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" (51225) rica:ratsimp (subst (v0,a,ric9));

(%0225) —((V02—2 vOo+1l)vyz Z4+(((V02—V0)Vyy—v0 Vy2+(v0—l)vxx—vx2)y+
((1-v0) vx Vy+(v02—2 vO+1) ny)x+(v02—2 vOo+1l)vy) z3+(

(2 vO0vy vz+(2-2 VO)VyZ)y2+

(((vO+1) vx VZ+(1—V02) vxz) x+(2 v03 -5 v02 +2 vOo+1l)vz)y+

(vO-1)vy vz+(v0% -2 vO+1) vyz) x2) z%+ (

((VOZ—VO) vzz-v0 vz? +(v0-1) VXX—VXZ)Y3+

((vO+1) vx vy +(1 —-v0?) vxy) x+(2 v03 =5 v0%+2 vO+1) vy) y2 + (

((V02—V0) vzz-v0 vz? +(V02—V0) vyy —vO0 Vy2 +(—V02+2 vOo-1) vxx+(v0-1) VX2)X2+
(2 v03 -6 v02+4 v0) vx x+2 v0* =6 v03+6 v02 -2 v0) y +

(1-v0) vx vy +(v0% -2 vO+1) vxy) x> +(v02 -2 vO+1) vy x°) z+(v0% -2 vO+1) vyz y?

3+

+H((1-v0) vx vz +(v0% -2 vO+1) vxz) x+(v0%-2 vO+1)vz)y
((v0-1) vy VZ+(V02—2 vO+1) Vyz)x2 y2+

(((1-v0) vx VZ+(V02—2 vO+1) sz)x3+(v02—2 vO+1l) vz x2)y+(v0—l) vy vz x4) /|
(2 v03-6 v02+6 v0-2)z%+

(4 v03-12 v02+12 v0-4) y2+(4 v03 -12 v0?+12 v0-4) x%) z2 +

(2 v02-6 v02+6 vO-2) yd+(4 v03-12 v02+12 vO-4) x* y2 +(2 v0> -6 v0%+6 v0-2)
X4)

K Ora sostituisco ai simboli le vere funzioni dedotte a partire da vOn.
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($i226) ricln:ratsimp (subst (vxn,vx,rica))$
(%1227) ric2n:ratsimp (subst (vyn,vy,ricln))S$
($1228) ric3n:ratsimp (subst (vzn,vz,ric2n))s$
($1229) ricdn:ratsimp (subst (vxxn,vxx,ric3n))$
($1230) ricbn:ratsimp (subst (vyyn,vyy,ricdn)) s
($i231) ricon:ratsimp (subst (vzzn,vzz,ricbn)) s
($1232) ricTn:ratsimp (subst (vxyn,vxy,ricébn))$
($1233) ric8n:ratsimp (subst (vxzn,vxz,ric7n))$
($1234) ric9n:ratsimp (subst (vyzn,vyz,ric8n))$
($1235) rican:ratsimp (subst (vOn,v0,ric9n))$

Ecco 11 test cruciale: sostituendo e sostituendo alla fine viene zero
o cosa vien fuori °?
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" (%1236) ratsimp (rican);
(%0236) 0
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{T E per riepilogo ecco anche il tensore metrico in

7~ Per finire ristampo 11 tensore metrico covariante che ho usato
per trovare la metrica del buco nero neutro in coordinate
cartesiane.
7 (%i237) 1g;
(%0237)
l1-a 0 0
0 (a-1) z2+(a-1) y2 -x? axy axz
(a-1) z2+(a-1) y2+(a-1)x2 (a-1)z%2+(a-1) y2+(a-1)x2 (a-1)z2+(a-1)y?2+(a-1) x2
0 axy (a-1)z%2-y?+(a-1) x? ayz
(a-1) z2+(a-1) y2+(a-1) x2 (a-1) z2+(a-1) y2+(a-1) x% (a-1) z2+(a-1) y?2+(a-1) x?
0 axz ayz z2+(1l-a) y2+(1l-a) x?
(a-1) z2+(a-1) y2+(a-1)x2 (a-1)z2+(a-1) y2+(a-1)x2 (a-1)z2+(a-1)y?2+(a-1) x?

forma controvariante:

7 (31238) ug;
1
- 0 0 0
a-1
0 22+y2+(1*a)X2 axy axz
22432 +x2 22432 +x2 22432 +x2
(%0238)
0 axy z2+(1l-a) y?+x2 ayz
z2 +y2 +x2 22 +y2 +x2 22 +y2 +x2
0 axz ayz (a*l)zzfyzfx2
22+y2+X2 22 +y2+X2 22 +y2+X2




