esperimenti_wxm9-pro-ctensor.wxm 1/

L] - .
Prove di calcolo tensoriale

" Provo a realizzare un documento wxm per il calcolo di tutte
le grandezze derivate da un assegnato tensore metrico

7 (%11) derivabbrev:true;

| (%0l) true

~ (81i2) depends (U, [x,y,2]);
(502) [U(x,y,z)]

7 (%i3) ax0:diff (1/U,x);

7 (%i4) ay0:diff (1/U,Y);

' (%15) az0:diff (1/U,z);

- (%$16) an: (ratsimp (ax0"2+ay0"2+az072))"(1/2);

i (%06) 2
? (%17) (axl:ax0/an,ayl:ay0/an,azl:az0/an);
UZ
(%07) :
(0,2 +(U,)? +(0,)?

” (%i8) depends (ax, [x,y,2]);
| (%08) [ax(x,y,z)]
? (%19) depends (ay, [x,V,2]);

(509) [ay(x,y,z)]

77(%i10) depends (az, [x,u,z]);
(%010) [az(x,u, z)]

ax*az;
(%011) ax az

77(%112) ay*ay;

(%3012) ay?
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7 (3113) g_ik:matrix(
[(1-U,0,0,07,
[0,ax*ax*U/ (U-1)-1,ax*ay*U/ (U-1),ax*az*U/ (U-1)1,
[0,ax*ay*U/ (U-1),ay*ay*U/ (U-1)-1,ay*az*U/ (U-1)1],
[0,ax*az*U/ (U-1),ay*az*U/ (U-1),az*az*U/ (U-1)—-1]
I ) ;
1-U 0 0 0
0 ax? U ax ay U ax az U
Uv-1 Uu-1 Uu-1
(5013) 0 ax ay U ayzU ay az U
Uv-1 Uu-1 Uu-1
0 ax az U ay az U az? U
Uv-1 Uu-1 Uu-1
7 (3i14) g _IK:matrix(
[1/(1—U),0,0,0],
[0, ax*ax*U-1,ax*ay*U,ax*az*U],
[0,ax*ay*U,ay*ay*U-1,ay*az*U],
[0,ax*az*U,ay*az*U,az*az*U-1]
| )i
1
—_— 0 0 0
1-U
(3014) 0 ax?2U-1 axayU axazU
0 axay U ay2U-1 ayazU
0 axazU ayazU az?U-1
?7(%i15) ratsimp( g_ik g_IK);
(%
1 0 0 0
(ax2a22+ax2ay2+ax4—ax2)U2+U—l (axaya22+axay3+(ax3fax)ay)U2 (axaz3+(axay2+ax37ax)az)
U-1 Uv-1 U-1
(ax ay az? +ax ay3+(ax3-ax) ay) U2 (ay? az?+ay?+(ax?-1) ay?) U2+U-1 (ay az3+(ay3+(ax?-1) ay) az)
0
U-1 U-1 U-1
(ax az3 +(ax ay? +ax3> —ax) az) U? (ay az3+(ay3+(ax?-1) ay) az) U2 (az%+(ay2+ax?-1) az2) U2+U
0
U-1 Uv-1 U-1
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(%116) ginv:ratsimp (invert (g_ik));
1
-_— 0 0 0
U-1
0 (az?+ay?-1)U+1 ax ay U ax az U
(a22+ay2+ax2—l)U+l (a22+ay2+ax2—l)U+l (az2+ay2+ax2—1)U+1
(%016) 5 5
0 ax ay U (aze+ax=-1)U+1 ay az U
(az2+ay2+ax2—1)U+1 (az2+ay2+ax2—1)U+1 (az2+ay2+ax2—1)U+1
0 ax az U ay az U (ay?+ax?-1) U+1
(az2+ay2+ax2—1)U+1 (a22+ay2+ax2—l)U+l (a22+ay2+ax2—l)U+l
(%117) ratsimp(ginv .g_ik);
1 0 0 O
0 1 0 O
(%017)
0O 0 1 0O
0O 0 0 1

Carico la libreria

(%$118)
(%018)

(if atom(lg)

then load(ctensor));

($119) init_ctensor () ;

(%019) done

($120) ct_coords: [t,x,v,2];

(%020) [t,x,y, 2]

(%121) lg:ratsimp(g_ik);

1-U 0 0 0
(ax?-1) U+1 ax ay U ax az U

U-1 U-1 U-1

(5021) 0 ax ay U (ay?2-1) U+1 ay az U
U-1 U-1 U-1

0 ax az U ay az U (az?2-1)U+1

U-1 U-1 U-1

(%122) cmetric();

done

3

/
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| C:/Programmi/Maxima—-5.20.1/share/maxima/5.20.1/share/tensor/ctensor.mac
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" (%i23)

(%023)

ug:ratsimp (ug) ;

1
— 0 0 0
U-1
0 (az?+ay?-1)U+1 ax ay U ax az U
(a22+ay2+ax2—l)U+l (a22+ay2+ax2—l)U+l (az2+ay2+ax2—1)U+1
0 ax ay U (az?+ax?-1)U+1 ay az U
(az2+ay2+ax2—1)U+1 (az2+ay2+ax2—1)U+1 (az2+ay2+ax2—1)U+1
0 ax az U ay az U (ay?+ax?-1)U+1
(az2+ay2+ax2—1)U+1 (a22+ay2+ax2—l)U+l (a22+ay2+ax2—l)U+l
ratchristof;
true

4

/
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' (3i25) christof (all);
UX
(%t25) lC’Sl,]_,Z:?
UY
(%t26) lC’Sl,]_,?):?
UZ
(%t27) lcs1,1,4:7
UX
(%t28) lC’Sl,2,1:_7
o Uy
(/ot29) lC’Sl,?),l:_?
UZ
(%t30) lC’Sl,4,1:_7

(ax2-1)(Ug)+2 ax (axy) U ((ax?-1) U+1) (Uyg)

uv-1 (U-1)2
2

(axz—l)(Uy)+2aX(aXy)U ((ax?-1)U+1)(U,) 2 axay U(U,)

(%t31) 1C52,2,2:

(%t32) lC82,2,3:(

+
+

U-1 (U-1)
2 axay(Uy) 2ax(ay,)U 2(ax,)ayU

4

T T )/2
U-1 -1 U-1

(axz—l)(Uz)+2 ax(ax,)U ((ax“-1)U+1)(U,) 2axazU(U,)

(%t33) _ZCSZ 2 4=( + +
rer u-1 (U-1)2 (U-1)2
2axaz(U,) 2ax(az,)U 2(ax,)azU
+ + )/ 2
U-1 u-1 U-1
(ax?-1)(Uy,)+2 ax (axy,) U ((ax?-1)U+1)(Uy,)
uv-1 (U-1)2

(5t34) lC52,3,2: 5

(ay?-1)(Ug)+2 ay (ayx) U ((ay2-1)U+1) (Uy)

v-1 (U-1)2
(%t35) lCSZI3,3: 5
axay U(U,) axay(U,) axazU(Uy) axaz(Uy) ay az U(Uy)
(%t36) _ZCSZ,3,4=( 5 5 + 5 +
(U-1) v-1 (U-1) v-1 (U-1)
ay az(Uy,) ay(az,)U (ayy)azU (axy)azU ax(ay,) U (ax,)ay U
+ + + /2
U-1 U-1 U-1 U-1 U-1 U-1 )
(ax2-1)(U,)+2 ax (ax,) U ((ax?2-1)U+1)(U,)
v-1 (U-1)2
(%t37) lC82,4,2: 5
axay U(U,) axay(U,) axazU(Uy) axaz(Uy) ay az U(Uy)
(%t 38) lc52,4,3=( . + + 5 ) N
(U-1) v-1 (U-1) v-1 (U-1)
ay az(Uy,) ay(az,)U (ayy)azU (axy)azU ax(ay,) U (ax,)ay U
+ + + + /2
U-1 U-1 U-1 U-1 U-1 U-1 )
(az?-1)(Ug)+2 az (azy) U ((az?2-1) U+1) (Uy)
v-1 (U-1)2
(%t39) lC82,4,4: 5
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¥ (%i73) les[2,2,2];

(ax?-1)(Ug)+2 ax (axy) U ((ax?-1) U+1) (Uy)

u-1 (U-1)?

7 ($i74) ratsimp(lcs(2,2,21);

axz(Uk)—Z ax(axX)U2+2 ax(ax,) U

2U%-4U+2

i75) riemann (false);
075) done

" (%i76) ricci (false);
(%076) done

77(%i77) mat_ricci: ratsimp( matrix (
[ ric[l,1],ric[1,2],ric[1,3],ricI[1,4]1],
[ ric[2 1] ric[2 2] ric[2,3],ric[2,4]]7,
[ ric[3,1]1,ric[3,2],ric[3,3],ric[3,41],
[ ric[4,1],ric[4,2],ric[4,3],ric[4,471]1))S%S

ratsimp (ric

ratsimp (ric

ratsimp (ric
(%078) [0,0,0,0,0, O]

77(%i78) forsezeri: [rat
(1
[1
(1

77(%i79) certozeri: [ratsimp(ric[2,3]1-ric[3,2]), ratsimp(ric([2,4]-ricl4,2]),
ratsimp(ric([3,4]-ric([4,3]) 1;
(%079) [0,0,07]
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(%180) ratsimp(ricl[l,1]);

2

(%080) = ((((2 ay2+2 ax®-2)az?+2 ay4 +(4 ax —4)ay2+2 ax?-4 ax®+2)U3+

((=2 ay2—2 ax?+4)az?-2 ay4 +(8 -4 ax?) ay2—2 ax?+8 ax®-6)U%+
(-2 az®-4 ay?-4 ax®+6)U-2) (U, )+ (
2_ay?+(2-2 ax®)ay? -ax*+2 ax®-1) U?

((—ay2—ax2—2)az2—ay4 +(-2 ax?-1) ay2—ax4 —ax?+2) U+az2—ay2—ax2—l) (U

((—ay2—ax2+l) az
2
Z)

+(((2 ay az3+(2 ay3+(2 ax2—2)ay)az) U2 +(2 ay az3+(2 ay3+(2 ax2—2)ay)az) U

+4 ay az) (U,)+ ((2 ax az3+(2 ax ay2+2 ax>-2 ax)az) U+

y
(2 ax az>+(2 ax ay?+2 ax> -2 ax)az) U+4 ax az) (U,)+ ((-2 ay? -2 ax?+2) az (az,)

+(-2 ax ay® -2 ax>+2 ax)(az,)+(-2 (ay,)-2 (ax,)) az> +(4 ay (ay,)+4 ax (ax,)) az*

+<(2 -2 ax2)(ayy)+2 ax ay(ayy)—2(axy) ay2+2 ax(axy) ay +2 (axx)) az+

(2 ay3+(2 ax?-2)ay)(ay,)+2 ax(ax,) ay® +(2 ax> -2 ax)(ax,)) U+ (

(2 ay?+2 ax?-4)az(az,)+(2 ax ay’ +2 ax> -4 ax)(az,)+(2 (ay,)+2 (ax,)) az3+

4 ay (ay,)-4 ax(ax,)) az’+

(2 ax?-4) ayy) 2 ax ay(ayX)+2(axX)ay2—2 ax(axy)ay—él(axx)) az+

(-

((4-2 ax?)ay-2 ay>)(ay,)-2 ax(ax,) ay’ +(4 ax-2 ax>)(ax,)) U+

(2 az(az,)+2 ax(azy)+(2(ay,)+2(axy))az-2 ay (ay,)-2 ax(axz)) U) (U,)+ (
(

2 az®+(2 ay?+4 ax?-4)az?+(2 ax?-2)ay?+2 ax® -4 ax?+2) U3 +

(-2 az? +(- Zay 4 ax®+8)az’+(4-2 ax2)ay2—2 ax?+8 ax®-6)U%+

(-4 az?-2 ay -4 ax2+6)U—2)(Uyy)+((((4—4 ax2)ay—4 ay3)a2—4 ayaz3)U3+
(4 ayaz3+(4 ay3+(4 ax2—8)ay)az)U2+4 ayazU)(Uyz)+(
2+(1—ax2)ay2—ax4+2 ax®-1)U?

(—az4+(—ay2—2 ax®-1)az?+(- —2)ay2—ax4—ax2+2)U—az2+ay2—ax2—l)

(—az* +(—ay2—2 ax?+2)az

(Uy)2+ (((2 ax ay az?+2 ax ay3+(2 ax> -2 ax) ay) U+

(2 ax ay az?+2 ax ay3+(2 ax> -2 ax)ay)U+4 axay) (Ug)+ (((2-2 ax2)ay—2 ay3)
(az,)+2 ax ay az(az,)—2 (ayz)az +(-2 ay(ayy)—Z ax(ayy)—2(axy)ay+2 ax(axy))
az +((2 2 ax? )(ay,)+2 ax(ax,) ay) az+(2-2 ax? )ay(ayy)+(2 ax-—2 ax3)(ayx)—2
(ax,)ay’+4 ax(ax,)ay®+2 (ax,)ay +(2 ax> -2 ax)(ax,)) U+ (

(2 ay3+(2 ax2—4)ay)(azz)—2 ax ay az(az,)+2(ay,) azs+

2

(2 ay(ayy)+2 ax(ayy)+2(axy,)ay -2 ax(ax az +<(2 ax2—4)(ayz)—2 ax(ax,) ay)

)
az+(2 ax2—4)ay(ayy)+(2 ax>-4 ax)(ayx)+2(axx)ay3—4 ax(axy)ay2—4(axx)ay+
(4 ax-2 ax’)(ax,)) U*+

(2 ay(az,)+2(ay,)az+2 ay(ayy)+2 ax(ayy)+2(axy)ay -2 ax(axy)) U) (Uy)+(

(2 az?+(4 ay?+2 ax®-4)az?+2 ay?+(2 ax? -4)ay? -2 ax?+2) U3 +

(-2 az® +(- 4ay -2 ax’+8)az?-2 ay4+(8—2 ax2)ay2+4 ax?-6)U?+

(-4 az? -4 ay 2_2 ax2+6) U=2) (Ug )+ (((-4 ax ay2—4 ax>+4 ax)az-4 ax azB) U+

-~ -~ -~ -~

9
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" (%i81)

" (%182)
(3082)

N

(%183)

(%$083)

($184)

(%084)

(%$185)

(%$186)

($187)

(%087)

(%$188)

(%$189)

(%$190)

(%090)

(%$191)

(%$192)

NN TN NN TN NN TN NN

VXY,

" (%193)

K'(%i94)

K7(%i95)

ratsimp(ric(2,2]);

<< Espressione troppo lunga da visualizzare! >>

rq:x"2+y"2+z°2;

Z2 +y2+x2

vOn:2*m/rg” (1/2);
2m

2?2 +y2 +x°

Specifico tutte le derivate di primo e secondo ordine.

vxn:ratsimp (diff (vOn,x));
2mx

2 2)3/2

(z +y2+x
vyn:ratsimp (diff (vOn,y))$
vzn:ratsimp (diff (vOn,z))$

vxxn:ratsimp (diff (vxn, x));

\/Zz+y2+X2 (2mzz+2 my2—4mX2)

z0+(3 y2+3 x%) z4+(3 y4+6 x? y2+3 x%) 22+y6+3 x? y4+3 x4 y2+x

vyyn:ratsimp (diff (vyn,vy))S$
vzzn:ratsimp (diff (vzn,z))$

vxyn:ratsimp (diff (vxn,v));
bmxy

«/22+y2+x2 (z4+(2 y2+2 X2) 22+y4+2 x2 y2+x4)

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

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

Ora sostituisco alle derivate alcuni simboli ossia uso vO0,
vzz, VXY, VXZ, VYZ.
Inizio la procedura con ricf[1l,1]

rics:ratsimp(ricl2,2]);

<< Espressione troppo lunga da visualizzare! >>

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

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

6

VX,

VY,

/9

vz,

VXX,
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” (%196)
7 (%197)
7 (%198)
7 (%199)
(%$1100)
(%1101)
(%1102)
(%$1103)
(%1104)
(%$1105)
(%$1106)
(%$1107)
(%$1108)
(%$1109)
(%$1110)
(%$1111)
(%$1112)

($1113)

N TN NN PN rNy rNy o rNy rNyr\N rNyrNy rNrNrN N

Ecco 11 test cruciale:
o cosa vien fuori ?

ric3:ratsimp (subst (vz,diff (U, z),ric2))$
ricd:ratsimp (subst (vxx,diff (U, x,2),ric3)) s
ricdxxy:ratsimp (subst (vxxy,diff (diff(U,x,2),y),ricd))s
ricdxxz:ratsimp (subst (vxxz,diff (diff(U,x,2),2z),ricdxxy)) s
ricdx:ratsimp (subst (vxxx,diff (U,x,3),ricdxxz))$
ric5S5:ratsimp (subst (vyy,diff (U,vy,2),ricdx)) s
ricbyyz:ratsimp (subst (vyyz,diff (diff(U,y,2),2z),ric5)) s
richy:ratsimp (subst (vyyy,diff (U,y,3),ric5yyz))$
ric6:ratsimp (subst (vzz,diff (U, z,2),ricby)) s
ric6z:ratsimp (subst (vzzz,diff (U,z,3),ric6))S$

ric7:ratsimp (subst (vxy,diff (diff (U, x),vy),ric6z))S$
ric7xyz:ratsimp (subst (vxyz,diff (diff (diff(U,x),y),z),ric7))s
ric7xyy:ratsimp (subst (vxyy,diff (diff (U, x),y,2),ric7xyz))$
ric8:ratsimp (subst (vxz,diff (diff (U, x),z),ric7xyy))$
ric8xzz:ratsimp (subst (vxzz,diff (diff(U,x),z,2),ric8))$
ric9:ratsimp (subst (vyz,diff (diff (U,vy),z),ric8xzz))$
ric9yzz:ratsimp (subst (vyzz,diff (diff(U,y),z,2),ric9))S$

rica:ratsimp (subst (v0,U,ric9yzz));

<< Espressione troppo lunga da visualizzare! >>

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

sostituendo e sostituendo alla fine viene zero

9



