> 
tensor[Einstein] - compute the covariant components of the Einstein tensor 

Calling Sequence: 

Einstein(g, Ricci, R) 

Parameters: 

g - a rank two tensor_type of character [1,1] representing the covariant metric tensor; specifically, g[compts][i,j] := g_ij 
Ricci - a rank two tensor_type of character [-1,-1] representing the covariant Ricci tensor; specifically, Ricci[compts][i,j] := R_ij 
R - a rank zero tensor_type of character [], representing the Ricci scalar (note it is recognized as a 0th rank tensor_type in the tensor package). 
Description: Ja sam ovde dao resenje po Vajnbergu. To se u potpunosti slaze sa rezultatim u knjizi "Gravitacija i kosmologija". Ono novo sto ja ovde dajem sastoji se u tome sto u ovom sistemu resavam zadatke atomske fizike,tj. mikro sveta uopste. 

Examples: 

See Also: 
tensor[Ricci] , tensor[Ricciscalar] , tensor[Riemann] , tensor[tensorsGR] , tensor[displayGR] , tensor[simp] 

Define the coordinate variables and the covariant Schwarzchild metric tensor components. 
> with(tensor):coord:=[t, r, theta,phi]: 

> with(student);
g:=array (symmetric, sparse, 1..4, 1..4):
g[1,1]:=(-B(r)): g[2,2]:=A(r): g[3,3]:=r^2: g[4,4]:=r^2*sin(theta)^2:
metric:=create([-1,-1], eval(g)); 

[image: image1]
[image: image2]
[image: image3]
[image: image4]
[image: image5]
[image: image6]
[image: image7]
> matrix([[-B(.5291772480e-8), 0, 0, 0], [0, A(.5291772480e-8), 0, 0], [0, 0, .2800285598e-16, 0], [0, 0, 0, .2800285598e-16*sin(theta)^2]]); 

[image: image8]
> matrix([[-1.000000000*1/B(.5291772480e-8), 0, 0, 0], [0, 1.000000000*1/A(.5291772480e-8), 0, 0], [0, 0, .3571064326e17, 0], [0, 0, 0, .3571064326e17*1/(sin(theta)^2)]]); 

[image: image9]
> matrix([[-1.000000000*B(.5291772480e-8), 0, 0, 0], [0, 1.000000000*A(.5291772480e-8), 0, 0], [0, 0, .2800285598e-16, 0], [0, 0, 0, .2800285598e-16*sin(theta)^2]]); 

[image: image10]
> 
> 
> 
> -B(.5291772480e-8)+A(.5291772480e-8)+.2800285598e-16+.2800285598e-16*sin(theta)^2; 

[image: image11]
> 
> R0 := evalm(TABLE([compts = array(1 .. 4,1 .. 4,[(1, 2) = 0, (2, 2) = A(.5291772480e-8), (4, 2) = 0, (4, 3) = 0, (4, 1) = 0, (3, 3) = .2800285598e-16, (2, 1) = 0, (1, 3) = 0, (1, 4) = 0, (3, 4) = 0, (4, 4) = .2800285598e-16*sin(theta)^2, (3, 1) = 0, (1, 1) = -B(.5291772480e-8), (2, 3) = 0, (3, 2) = 0, (2, 4) = 0]), index_char = [-1, -1]])); 

Error, (in index/FillInitVals) unevaluated array index in assignment
Now compute all of the quantities necessary to compute the Einstein tensor: 
> ginv := invert(%,'detg' ); 

[image: image12]
[image: image13]
[image: image14]
[image: image15]
> #subs(r=5.29177249*10^(-9),alpha1=0.00729735308,c=29979245800,v=218769141.7,m=9.1093897e-28,G=6.67259e-8,eV=1.60217733e-12,el=.4803206805e-9,h=1.05447266*10^(-27),Rg=2.817940923*10^(-13),omega=0.4134137327*10^17,Pi=3.141592654,rho1=10^39,lambda3=.3861593228e-10,p1=rho/3,Md=.3795586118e16,p=v[0]*m,ar=.7071067811+.7071067819*I,al=.7071067811+.7071067819*I,p=.1992853366e-18,%)); 

> D1g:=d1metric(metric,coord ): D2g:=d2metric( D1g, coord ): 

> 
> Cf1 :=Christoffel1 (D1g):
C1:=get_compts(Cf1): 

> map(proc(x) if C1[op(x)]<>0 then x=C1[op(x)] else NULL fi end,
[ indices(C1)] ); 

[image: image16]
[image: image17]
> #(subs(r=5.29177249*10^(-9),alpha1=0.00729735308,c=29979245800,v=218769141.7,m=9.1093897e-28,G=6.67259e-8,eV=1.60217733e-12,el=.4803206805e-9,h=1.05447266*10^(-27),Rg=2.817940923*10^(-13),omega=0.4134137327*10^17,Pi=3.141592654,rho1=10^39,lambda3=.3861593228e-10,p1=rho/3,Md=.3795586118e16,p=v[0]*m,ar=.7071067811+.7071067819*I,al=.7071067811+.7071067819*I,p=.1992853366e-18,%)); 

> Cf2:=Christoffel2(ginv, Cf1):C2:=get_compts(Cf2):map(proc(x) if C2[op(x)]<>0 then x=C2[op(x)] else NULL fi end,
[ indices(C2)] ); 

[image: image18]
[image: image19]
Ovde,nize podelio sam Kristofelove simbole Bosnjakovom konstantom i dobio sam znacajan rezultat. Ako sada podelim Kristofelove simbole ovim rezultatom time sam sveo Kristofelove simbole na Bosnjakovu konstantu. To znaci da na taj nacin dobijeni rezultat moze da se stavi u relativni oblik znacenja 

> %/[[.2702702702e42, .5405405404e42, .5405405404e42] = -.1351351351e42*r*sin(theta)^2/A(r), [.2702702702e42, .1351351351e42, .1351351351e42] = .6756756755e41*diff(B(r),r)/A(r), [.4054054053e42, .2702702702e42, .4054054053e42] = .1351351351e42*1/r, [.2702702702e42, .4054054053e42, .4054054053e42] = -.1351351351e42*r/A(r), [.5405405404e42, .4054054053e42, .5405405404e42] = .1351351351e42*cos(theta)/sin(theta), [.2702702702e42, .2702702702e42, .2702702702e42] = .6756756755e41*diff(A(r),r)/A(r), [.4054054053e42, .5405405404e42, .5405405404e42] = -.1351351351e42*sin(theta)*cos(theta), [.5405405404e42, .2702702702e42, .5405405404e42] = .1351351351e42*1/r, [.1351351351e42, .1351351351e42, .2702702702e42] = .6756756755e41*diff(B(r),r)/B(r)]; 

[image: image20]
[image: image21]
[image: image22]
[image: image23]
[image: image24]
[image: image25]
[image: image26]
[image: image27]
[image: image28]
[image: image29]
[image: image30]
> r:=(5.29177248*10^(-9)); 

[image: image31]
> [.5405405404e42, .2702702702e42, .5405405404e42] = .1351351351e42*1/r[.5405405404e42, .2702702702e42, .5405405404e42] = .1351351351e42*1/r; 

`=` unexpected
> .1351351351e42*1/r; 

[image: image32]
> [.1351351351e42, .1351351351e42, .2702702702e42]; 

[image: image33]
> 
Sta se vidi?Ocigledno je da je Bosnjakova konstanta jednaka proizvodu koeficijenta transformacije i clana niza Kristoferovih simbola 

> .1351351351e42*1/(5.29177248*10^(-9)); 

[image: image34]
> [.5405405404e42, .2702702702e42, .5405405404e42] = .1351351351e42*1/(5.29177248*10^(-9)*cm); 

[image: image35]
> #[[2, 1, 1] = (-c^2+omega^2*r^2)*omega^2*r/(c^2), [3, 2, 3] = 1/r, [3, 4, 4] = -sin(theta)*cos(theta), [4, 2, 4] = 1/r, [2, 3, 3] = (-c^2+omega^2*r^2)*r/(c^2), [2, 4, 4] = (-c^2+omega^2*r^2)*r*sin(theta)^2/(c^2), [4, 3, 4] = cos(theta)/sin(theta), [1, 1, 2] = omega^2*r/(-c^2+omega^2*r^2), [2, 2, 2] = -omega^2*r/(-c^2+omega^2*r^2)]; 

> #(subs(r=5.29177249*10^(-9),alpha1=0.00729735308,c=29979245800,v=218769141.7,m=9.1093897e-28,G=6.67259e-8,eV=1.60217733e-12,el=.4803206805e-9,h=1.05447266*10^(-27),Rg=2.817940923*10^(-13),omega=0.4134137327*10^17,Pi=3.141592654,rho1=10^39,lambda3=.3861593228e-10,p1=rho/3,Md=.3795586118e16,p=v[0]*m,ar=.7071067811+.7071067819*I,al=.7071067811+.7071067819*I,p=.1992853366e-18,%)); 

> RMN := Riemann( ginv, D2g, Cf1 ):
RMNc:=get_compts(RMN): 

Showing the nonzero components 
> map(proc(x) if RMNc[op(x)]<>0 then x=RMNc[op(x)] else NULL fi end,
[ indices(RMNc)] ); 

[image: image36]
[image: image37]
> #[[1, 3, 1, 3] = -(-c^2+omega^2*r^2)*omega^2*r^2/(c^2), [2, 3, 2, 3] = omega^2*r^2/(-c^2+omega^2*r^2), [1, 4, 1, 4] = -(-c^2+omega^2*r^2)*omega^2*r^2*sin(theta)^2/(c^2), [1, 2, 1, 2] = omega^2, [3, 4, 3, 4] = -r^4*sin(theta)^2*omega^2/(c^2), [2, 4, 2, 4] = omega^2*r^2*sin(theta)^2/(-c^2+omega^2*r^2)]; 

> #(subs(r=5.29177249*10^(-9),alpha1=0.00729735308,c=29979245800,v=218769141.7,m=9.1093897e-28,G=6.67259e-8,eV=1.60217733e-12,el=.4803206805e-9,h=1.05447266*10^(-27),Rg=2.817940923*10^(-13),omega=0.4134137327*10^17,Pi=3.141592654,rho1=10^39,lambda3=.3861593228e-10,p1=rho/3,Md=.3795586118e16,p=v[0]*m,ar=.7071067811+.7071067819*I,al=.7071067811+.7071067819*I,p=.1992853366e-18,%)); 

> RICCI := Ricci( ginv, RMN );
[image: image38]
[image: image39]
[image: image40]
[image: image41]
> #RICCI := TABLE([compts = matrix([[-3*(-c^2+omega^2*r^2)*omega^2/(c^2), 0, 0, 0], [0, 3*omega^2/(-c^2+omega^2*r^2), 0, 0], [0, 0, -3*omega^2*r^2/(c^2), 0], [0, 0, 0, -3*omega^2*r^2*sin(theta)^2/(c^2)]]), index_char = [-1, -1]]); 

> #(subs(r=5.29177249*10^(-9),alpha1=0.00729735308,c=29979245800,v=218769141.7,m=9.1093897e-28,G=6.67259e-8,eV=1.60217733e-12,el=.4803206805e-9,h=1.05447266*10^(-27),Rg=2.817940923*10^(-13),omega=0.4134137327*10^17,Pi=3.141592654,rho1=10^39,lambda3=.3861593228e-10,p1=rho/3,Md=.3795586118e16,p=v[0]*m,ar=.7071067811+.7071067819*I,al=.7071067811+.7071067819*I,p=.1992853366e-18,%)); 

> RS := Ricciscalar( ginv, RICCI ); 

[image: image42]
[image: image43]
[image: image44]
[image: image45]
[image: image46]
> #RS := TABLE([compts = 12*omega^2/(c^2), index_char = []]); 

> #subs(r=5.29177249*10^(-9),alpha1=0.00729735308,c=29979245800,v=218769141.7,m=9.1093897e-28,G=6.67259e-8,eV=1.60217733e-12,el=.4803206805e-9,h=1.05447266*10^(-27),Rg=2.817940923*10^(-13),omega=0.4134137327*10^17,Pi=3.141592654,rho1=10^39,lambda3=.3861593228e-10,p1=rho/3,Md=.3795586118e16,p=v[0]*m,ar=.7071067811+.7071067819*I,al=.7071067811+.7071067819*I,p=.1992853366e-18,%); 

> Estn := Einstein(metric,RICCI,RS ); 

[image: image47]
[image: image48]
[image: image49]
[image: image50]
[image: image51]
[image: image52]
[image: image53]
[image: image54]
[image: image55]
> matrix([[-B(r)*(diff(A(r),r)*r+A(r)^2-A(r))/(r^2*A(r)^2), 0, 0, 0], [0, -(diff(B(r),r)*r-B(r)*A(r)+B(r))/(B(r)*r^2), 0, 0], [0, 0, -1/4*r*(2*diff(B(r),r)*A(r)*B(r)-2*diff(A(r),r)*B(r)^2+2*r*diff(B(r),`$`(r,2))*B(r)*A(r)-r*diff(B(r),r)^2*A(r)-r*diff(B(r),r)*diff(A(r),r)*B(r))/(A(r)^2*B(r)^2), 0], [0, 0, 0, -1/4*sin(theta)^2*r*(2*diff(B(r),r)*A(r)*B(r)-2*diff(A(r),r)*B(r)^2+2*r*diff(B(r),`$`(r,2))*B(r)*A(r)-r*diff(B(r),r)^2*A(r)-r*diff(B(r),r)*diff(A(r),r)*B(r))/(A(r)^2*B(r)^2)]]); 

Error, wrong number (or type) of parameters in function diff
> #Estn := TABLE([compts = matrix([[3*(-c^2+omega^2*r^2)*omega^2/(c^2), 0, 0, 0], [0, -3*omega^2/(-c^2+omega^2*r^2), 0, 0], [0, 0, 3*omega^2*r^2/(c^2), 0], [0, 0, 0, 3*omega^2*r^2*sin(theta)^2/(c^2)]]), index_char = [-1, -1]]); 

> #(subs(r=5.29177249*10^(-9),alpha1=0.00729735308,c=29979245800,v=218769141.7,m=9.1093897e-28,G=6.67259e-8,eV=1.60217733e-12,el=.4803206805e-9,h=1.05447266*10^(-27),Rg=2.817940923*10^(-13),omega=0.4134137327*10^17,Pi=3.141592654,rho1=10^39,lambda3=.3861593228e-10,p1=rho/3,Md=.3795586118e16,p=v[0]*m,ar=.7071067811+.7071067819*I,al=.7071067811+.7071067819*I,p=.1992853366e-18,%));

compute the Einstein tensor: 
> -B(r)*(diff((A(r)),r)*r+A(r)^2-A(r))/(r^2*A(r)^2); 

Error, wrong number (or type) of parameters in function diff
> diff(A(r),r); 

Error, wrong number (or type) of parameters in function diff
> with(DEtools): 

> De1=-B(r)*(diff(A(r),r)*r+A(r)^2-A(r))/(r^2*A(r)^2); 

[image: image56]
> R1 := dsolve(De1 = -B(r)*(diff(A(r),r)*r+A(r)^2-A(r))/r^2/A(r)^2,{A(r)}); 

[image: image57]
> R2 := solve({R1},{De1}); 

[image: image58]
> eqns:= geodesic_eqns( coord, t1, Cf2 ); 

[image: image59]
[image: image60]
[image: image61]
> diff(t(t1),`$`(t1,2))+diff(B(r),r)*diff(t(t1),t1)*diff(r(t1),t1)/B(r) = 0; 

[image: image62]
> R6 := dsolve(diff(diff(t(t1),t1),t1)+1/B(r)*diff(B(r),r)*diff(t(t1),t1)*diff(r(t1),t1) = 0,{t(t1)}); 

[image: image63]
> R4 := dsolve(diff(diff(t(t1),t1),t1)+1/B(r)*diff(B(r),r)*diff(t(t1),t1)*diff(r(t1),t1) = 0,{B(r)}); 

[image: image64]
> 
The user may also view the result using the function tensor[displayGR] . 

The resultant tensor_type, Estn say, of this routine is the COVARIANT Einstein tensor, indexed as shown below: 

Estn[compts][i,j] := G
ij 

The component arrays of both g and Ricci should use Maple's symmetric indexing function. They can be computed using the appropriate routines from the package. The component array of the result uses Maple's symmetric indexing function. 
Simplification: This routine uses the `tensor/Einstein/simp` routine for simplification purposes. The simplification routine is applied to each component of result after it is computed. By default, `tensor/Einstein/simp` is initialized to the `tensor/simp` routine. It is recommended that the `tensor/Einstein/simp` routine be customized to suit the needs of the particular problem. 
This function is part of the tensor package, and so can be used in the form Einstein(..) only after performing the command with(tensor) or with(tensor, Einstein). The function can always be accessed in the long form tensor[Einstein](..). 
