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<< XAct~xTensor"
Package xAct xPerm version 1.2.0, {2013, 1, 27}
CopyRi ght (C) 2003-2013, Jose M Martin-Garcia, under the General Public License.
Connecting to external cygw n executable...
Connection established.
Package xAct xTensor® version 1.0.5, {2013, 1, 30}
CopyRi ght (C) 2002-2013, Jose M Martin-Garcia, under the General Public License.

These packages cone with ABSCLUTELY NO WARRANTY; for details type
Disclainer[]. This is free software, and you are wel cone to redistribute
it under certain conditions. See the General Public License for details.

xCoba
Tensorial DefBasis[] DefVBundlg]]

xCoba xCoba XAct Tensor

<< XAct~xCoba™
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Package xAct xPerm version 1.2.0, {2013, 1, 27}

CopyRi ght (C) 2003-2013, Jose M Martin-Garcia, under the General Public License.
Connecting to external cygw n executable...

Connecti on established.

Package xAct xTensor® version 1.0.5, {2013, 1, 30}

CopyRi ght (C) 2002-2013, Jose M Martin-Garcia, under the General Public License.
Package xAct xCoba® version 0.8.0, {2013, 1, 30}

CopyRi ght (C) 2005-2013, David Yllanes and
Jose M Martin-Garcia, under the General Public License.

These packages come with ABSOLUTELY NO WARRANTY; for details type
Disclainer[]. This is free software, and you are wel cone to redistribute
it under certain conditions. See the General Public License for details.

XAct
Act
DefManifold[ . {List)]
3 M3
DefManifold[M3, 3, {a, b, c, d, e, F}]
++ Def Mani fol d: Defining manifold M.
++ Def VBundl e: Defining vbundl e Tangent M3.
DefManifold DefTensor UndefTensor
DefTensor][, ( )
UndeffTensor(, ]
F M3
Act

DefTensor[v[a], M3]
DefTensor[F[-a, -b], M3, Antisymmetric[{-a, -b}]]

++ Def Tensor: Defining tensor via]l.

++ Def Tensor: Defining tensor F[-a, -b].

Simplification] ] InputForm[ ]
Simplification] ] InputForm[ ]
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F[-a, -b] v[b]
Fla, b] v[-a] v[-b]
Simplification[%]
InputForm[%%]

Fab Vb

ab
F Va Vp
0

F[a, bl*v[-a]*v[-Db]

ToCanonical[ ]
F ToCanonical[]
F[-b, -a]
ToCanonical [%]
Fba
- Fab

DefTensor[w[a], M3]
DefTensor[T[a, b], M3]

++ Def Tensor: Defining tensor wla]j.

++ Def Tensor: Defining tensor T[a, b].

w[a_] =T[a, b] v[-b]
Tab Vi
w

wlb]

w[a] -w[a] // Simplification
w[a] w[-a]

ToCanonical [%]

Tbb Vi

0
Tab Tab Vi

(vp) ‘Ta
Mathematica

ScreenDollarIndices[]

w[a_] := Module[{b}, T[a, b] v[-b]]
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w[b]
w[a] -w[a] // Simplification
w[a] w[-a]

ToCanonical [%]
% // ScreenDollarindices

bb$1942
T V1942

0

b$1946 —ab$1945
Ta T V1945 Vbs1946

b$1945 ab$1946
Ta T V1045 V b$1946

T T3 vy v,
Dir[ ]
Dir[]

dirvup = Dir[v[d]];
dirvdown = Dir[v[-d]];

wla_] :=TI[a]
{w[a], w[-a], w[dirvdown], w[dirvup], w[A], w[-Al}
{Ta’ Ta, T, Ty, TA’ TA}

?DownIndexQ

?Upl ndexQ
Q

AlndexQ Detect abstract indices
BIndexQ Detect basisindices
CIndexQ Detect component indices
DIndexQ Detect directional indices
LIndexQ Detect label indices
GIndexQ Detect all generalized indices, but not patterns
ABIndexQ Detect contractible indices (abstract or basis indices)
BCIndexQ Detect indices associated to a basis or chart (basis or component indices)
CDIndexQ Detect indices representing a direction (component or directional indices)
PIndexQ Detect pattern indices

wla_] =-

wl[a_?DownlndexQ] := T[a]
{w[a], w[-a], w[dirvdown], w[dirvup], w[A], w[-A]}

(W, Ta, W, T,, W', Ta}



w[a_?DownlndexQ] =.
w[a_?AlIndexQ] :=T[a]
{w[a], w[-a], w[dirvup], w[dirvdown], w[A], w[-A]}

(T8, Ta, w, W, W, wa)

w[a_?AlIndexQ] =.
w[-a_Symbol] :=T[-a]
{w[a], w[-a], w[dirvup], w[dirvdown], w[A], wW[-AT}

(W, Ta, w, W, wh | Tal

xCoba M cC 2

DefManifold[]

DefVBundle[lInnerC, M3, 2, {A, B, G}, Dagger -» Complex]
+»x Def VBundl e: Defining vbundl e I nnerC.

+»x Def VBundl e: Defining conjugated vbundl e | nnerCt
Assum ng fixed anti -i sonor phi sm between | nnerC and | nner Ct
DefBasig
xCoba

, , ,option]

DefManifold[]

DefBasis[polar, TangentM3, {0, 1, 2}]
DefBasis[cartesian, TangentM3, {0, 1, 2}, BasisColor » RGBColor[0, 0, 1]1]

XAct

.nb |5

M3

DefBasis[complex, InnerC, {4, 5}, Dagger -» Complex, BasisColor -» RGBColor[0, 1, 0]]
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DefMetric|

XAct

* %

«+ Def CovD: Defining parallel

* %

* %

non-synmmetric Christoffel

* *

* *

* *

* %

* *

* *

* *

* *

.nb

Def Basi s:

Def Tensor:
Def Tensor:

Def Tensor :
Def Tensor :
Def Tensor :
Def Tensor :
Def Basi s:

Def CovD: Defining parallel

Def Tensor :
Def Tensor :

Defi ning basis polar.

derivative PDpol ar [-a].

Defining torsion tensor TorsionPDpol ar [a, -b, -c].

Defi ni ng

Def i ni ng vani shing Ri emann tensor Ri emannPDpol ar [-a, -b,

Def i ni ng vani shing Ri cci

tensor Chri stoffel PDpol ar [a, -b, -c].

tensor RicciPDpolar[-a, -b].

Defining antisymmetric +1 density etaUppol ar [a, b, c].

Defining anti symmetric -1 density etaDownpol ar [-a, -b, -c].

Defini ng basis cartesian.

derivative PDcartesian[-a].

Defining torsion tensor TorsionPDcartesianfa, -b, -c].

Defining non-symetric Christoffel

Christoffel PDcartesian[a, -b, -c].

* *

* *

* *

* *

* *

* *

* *

* *

non-symmetric Christoffel

* *

* *

* *

nonsymmetric AChristoffel

* *

Def Tensor:
Def Tensor:
Def Tensor:
Def Tensor:
Def Basi s:

Def CovD: Defining parallel

Def Tensor:
Def Tensor:

Def Tensor:
Def Tensor:
Def Tensor:

Def Tensor:

t ensor

-c, dj.

Defini ng vani shing Ri emann tensor Ri emannPDcartesian[-a, -b, -c, d].

Defining vani shing Ricci tensor RicciPDcartesian[-a, -b].

Defining antisymmetric +1 density etaUpcartesian(fa, b, c].

Defining antisymmetric -1 density etaDowncartesian[-a, -b, -c].

Defi ni ng basis conpl ex.

derivative PDconplex[-a].

Defining torsion tensor TorsionPDconpl ex[a, -b, -c].

Defi ni ng

Defini ng vani shing R emann tensor

tensor Chri stoffel PDconpl ex[a, -b, -c].

Ri emannPDconpl ex[-a, -b, -c, d].

Defining vani shing Ricci tensor R cci PDconplex[-a, -b].

Def i ni ng

Defini ng nonsymretric AChri stoffel

AChri st of f el PDconpl ext [Af, -b, -Gt].

* %

* %

* %

* %

* %

* %

Def Tensor :
Def Tensor :
Def Basi s:

Def Tensor :
Def Tensor :
Def Tensor :
Def Tensor :

Flag,

tensor AChri stoffel PDcompl ex [A, -b, -G].

tensor

Def i ni ng vani shi ng FRi emann tensor FRi emannPDconpl ex[-a, -b, -G Gl].

Defi ni ng vani shing FRi emann tensor FRi emannPDconpl ext[-a, -b,

Defini ng basis conpl ext.
Defining anti synmetric
Defining anti synmetric
Defining anti synmmetric

Defining anti synmetric

+1 density
+1 density
-1 density
-1 density

et aUpconpl ex [A, B].

et aUpconpl ext [AT, Bf].

et aDownconpl ex[-A, -B].

et aDownconpl ext[-Af, -Bt].

XAct

-Gf, G11].



* *

* %

* %

* %

* %

* %

* %

* %

* %

* %

* *

* %
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SymbolOfCovD-> MathTensor

DefMetric[-1, g[-a, -b], Cd, SymbolOfCovD -> {*|", "v'}]

Def Tensor: Defining symretric netric tensor g[-a, -b].

Def Tensor: Defining antisymmetric tensor epsilong[-a, -b, -c].

Def CovD: Defining covariant derivative Cd[-a].

Def Tensor: Defining vanishing torsion tensor TorsionCd[a, -b, -c].

Def Tensor: Defining symetric Christoffel tensor ChristoffelCd[a, -b, -c].
Def Tensor: Defining R emann tensor RiemannCd[-a, -b, -c, -d].

Def Tensor: Defining symetric Ricci tensor RicciCd[-a, -b].

Def CovD: Contractions of Riemann automatically replaced by Ricci.

Def Tensor: Defining Ricci scalar RicciScalarCd[].

Def CovD: Contractions of Ricci automatically replaced by Ricci Scal ar.
Def Tensor: Defining symretric Einstein tensor EinsteinCd[-a, -b].

Def Tensor: Defining vani shing Wyl tensor Wyl Cd[-a, -b, -c, -d].

Def Tensor: Defining symretric TFRicci tensor TFRicciCd[-a, -b].

Def Tensor: Defining Kretschmann scal ar KretschmannCd[].

Def CovD:  Conputing R emannToWeyl Rul es for dim3

Def CovD: Conputing Ricci ToTFRi cci for dim 3

Def CovD: Conputing Ricci ToEi nsteinRules for dim3

Def Tensor: Defining weight +2 density Detg[]. Determ nant.

RiemannCd[-a, b, -b, -c]
- R[V]ac
Simplification[]
1) XAct

v[-a, -b] g[b, c]
% // Simplification
gl-a, -clglc, d]

b
gc Vab

Undef..
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UndefMetric| ]
Undef Tensor| ]
UndefManifold[ ]
UndefBasis ]

UndefTensor[v]
UndefTensor [F]

x+ Undef Tensor: Undefined tensor v

x+« Undef Tensor: Undefined tensor F

MetriclnBasig , , |

Tensorial MetriclnBasig[]
Table

MetriclnBasis[g, -cartesian, Table[i+], {i, 3}, {J, 3}11]
% // MatrixForm

Added i ndependent rule gy, -2 for tensor g
Added i ndependent rule gy; -3 for tensor g
Added i ndependent rule 945, -4 for tensor g
Added dependent rule g,, - Jg; for tensor g
Added i ndependent rule g;; -4 for tensor g
Added i ndependent rule g;, -5 for tensor g
Added dependent rule g,, - Jg, for tensor g
Added dependent rule 9,; - g4, for tensor g

Added i ndependent rule g,, -6 for tensor g

{{goo -2, 991 =3, Yoo —>4},
{glo 4)3, gll 4)4, 912 %5}, {920 %4, 921 4)5, 922 4)6}}

9go 22 UYgy 23 UGpp, -4
910 -3 941 -4 094, -5
920 >4 Y1 -5 Uy -6

DefTensor| [ 1, : ]

UndefTensor[Ts];

UndefTensor[Ta];

DefTensor[Ta[-a, -b], M3, Antisymmetric[{-a, -b}]]
DefTensor[Ts[-a, -b], M3]

DefTensor[v[-a], M3]

Undef Tenskmo wh nk no wta Nsa 1Is

Undef Tenskmo wh nk no wta nsdl R
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x+ Def Tensor: Defining tensor Ta[-a, -b].
x+ Def Tensor: Defining tensor Ts[-a, -b].

xx Def Tensor: Defining tensor v[-a].

ComponentArray[ [{ 1

-cartesian

ComponentArray[Ta[{-a, -cartesian}, {-b, -cartesian}]]
Simplification[%] // MatrixForm
ComponentArray[Ts[{-a, -cartesian}, {-b, -cartesian}]]
Simplification[%] // MatrixForm

{{ Tago . Tap1,» Tao2 }, {Talo , Taig Talz}, {Tazo , Tasq , Tazz}}
0 Tapyr Taog2

- Ta01 0 Taio

- Tagy, - Taj 0
{{TSOO, Tso1 » TSoz}, {TSlg, Ts11 » TSlz}, {TSzo, Tsoq TSzz}}

TSOO TS()1 TSoz
Ts10 Tsi11 Tsi2

Ts 20 Ts 21 Ts 22

ComponentValue [{ h ]

AllComponentValues| [{ } ]
Ts [L11] -
XAct

ComponentValue[Ts[{1, -cartesian}, {1, -cartesian}], 2 t]
ComponentValue[Ts[{1, cartesian}, {1, cartesian}], 6 t]
ComponentValue[Ts[{1, -cartesian}, {1, cartesian}], 3]

Added i ndependent rule Ts;; -2t for tensor Ts

Tsq1 — 2t

Added independent rule Ts'!' -6t for tensor Ts
Ts'' -6t

Added i ndependent rule Ts,l1 -3 for tensor Ts
Tsl1 -3

Tensoria
FoldRules

m
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ComponentArray[Ts[{-a, -cartesian}, {-b, -cartesian}]];
Tm = Simplification[%] /. TensorValues[Ts];

% // MatrixForm

ComponentArray[Ts[{-a, -cartesian}, {b, -cartesian}]];
Tm = Simplification[%] /. TensorValues[Ts];

% // MatrixForm

Ts 00 Ts 01 Ts 02

Tsio 2t Tspp

Tsoo Tsp1 Tsoo

1 2
TSOO TSO TSO

TSlO 3 T512
1 2

TSZO T32 T52

(1]
Ta

ComponentArray(]
AllComponentValueq[]

DeleteTensorValues ]

DeleteTensorValues[Ts] ;
1 20t 30t
-2t 2 40t];
-3t -4t 3
ComponentValue [ComponentArray[Ts[{a, -cartesian}, {b, -cartesian}]], values]
AllComponentValues[Ta[{a, -cartesian}, {-b, -cartesian}], values]

values =

Del eted values for tensor Ts, derivatives {} and bases {{-cartesian, cartesian}}.
Del eted values for tensor Ts, derivatives {} and bases {{cartesian, cartesian}}.

Del eted values for tensor Ts, derivatives {} and bases {{-cartesian, -cartesian}}.

Added i ndependent rule Ts% -1 for tensor Ts

Added i ndependent rule Ts% 20t for tensor Ts
Added i ndependent rule Ts% - 30t for tensor Ts
Added independent rule Ts'® - -2t for tensor Ts
Added independent rule Ts'! -2 for tensor Ts

Added i ndependent rule Ts'? 40t for tensor Ts
Added independent rule Ts?° - -3t for tensor Ts
Added i ndependent rule Ts?! - -4t for tensor Ts
Added i ndependent rule Ts?? -3 for tensor Ts

[{1s% -1, 1% »20t, Ts°? -»30t},
[Ts'® 5 -2t, Ts™ 52, Ts'® »40t}, {15 - -3t, Ts*' - -4t, Ts?* -3}}



Added

Added

Added

Added

Added

Added

Added

Added

Added

Added

Added

Added

Added

Added

Added

Added

Added

Added

Added

Added

Added

i ndependent rule Ta% -1 for tensor Ta

i ndependent rul e Taol - 20t for tensor Ta
i ndependent rule Ta% -30t for tensor Ta
dependent rule Tal, > - Tap® for tensor Ta
i ndependent rule Tao' -2t for tensor Ta

i ndependent rule Ta'; -2 for tensor Ta

i ndependent rule Ta®, - 40t for tensor Ta
dependent rule Ta20 »—Tao2 for tensor Ta
i ndependent rule Ta,? -3t for tensor Ta
dependent rule Ta?, - - Ta;2 for tensor Ta
i ndependent rul e Tal2 -4t for tensor Ta

i ndependent rule Ta?, -3 for tensor Ta
dependent rule Tagg —» 0 for tensor Ta

i ndependent rule Tag; - Tagy for tensor Ta
i ndependent rule Tag, - Tagy for tensor Ta
dependent rule Ta;g —» - Tap; for tensor Ta
dependent rule Ta;; -0 for tensor Ta

i ndependent rule Ta;, - Taj;p, for tensor Ta
dependent rule Ta,g —» - Tagy for tensor Ta
dependent rule Tap; - - Ta;, for tensor Ta

dependent rule Ta,, -0 for tensor Ta

Fol dedRul e

{Tagp -0, Tazo » - Tap:r, Taix -0, Tapy - - Tage, Taz - - Taip, Taz, -0},

{Ta01 - Tagy, Tagy - Tagz, Ta;zx - Talg}}

ComponentArray[]

XAct

AllComponentValues[]

XAct

.nb

|11
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ComponentArray[Ts[{a, -cartesian}, {b, -cartesian}]]
Tm = Simplification[%] /. TensorValues[Ts];

% // MatrixForm

ComponentArray[Ts[{a, -cartesian}, {-b, -cartesian}]];
Tm = Simplification[%] /. TensorValues[Ts];

% // MatrixForm

ComponentArray[Ta[{-a, -cartesian}, {-b, -cartesian}]]
Tm = Simplification[%] /. TensorValues[Ta];

% // MatrixForm

ComponentArray[Ta[{-a, -cartesian}, {b, -cartesian}]]
Tm = Simplification[%] /. TensorValues[Ta];

% // MatrixForm

{{Tsoo, Ts%t, Tsoz}, {Tslo, Tsit, Tslz}, {Tszo, Ts?t, Tszz}}

1 20t 30t
-2t 2 40t
-3t -4t 3

0 0 0
Ts g Ts'y Ts >

Ts lo Ts 11 Ts 12

Ts?y Ts?; Ts2,

{{ Taoo s Ta01 ) Ta02 }, {Talo , Taiq . Talz}, {Tago , Tapq ., Tazz}}

0 Tagy Tap2
- Tapy 0 Taio

- Taoz - Taji 0

{{ Taoo f Taol , Ta02 }, {Talo , Tall , Talz}, {Tazo , Tazl , Tazz}}

-1 2t 3t
-20t -2 4t
-30t -40t -3

xAct FoldRules
AllComponentValueq[] ™m
0 -5t -5t
5t 0 -15t
5t 15t 0

XAct Ts Tm



XAct

* %

* *

Va

Va

* *

* %

* %

* %

* %

* %

* %

* %

* %

* %

XAct
PD[-a] [Ta[-b, -c]] /- TensorValues[Ta]
Inverse[Tm] ;
Simplify[%] // MatrixForm
Tm[[1, 2]]
OaTapc
348012 3 (1-20t)t t (3+41)
-3-230t2:1080t3 -3-230t2+1080t3  -3-230t2:1080t°3
B 30t (1+2t) 3+90t2 2 (1-15t) t
-3-230t2:1080t3  -6-460t2+2160t%  -3-230t2+1080t3
10t (-3+40t) B 10t (2+3t) 1+20t2
-3-230t2+1080t3 -3-230t2+1080t3 -3-230t2+1080t3
2t
xAct <<xAct xCoba’ xCoba

DefManifold[M3, 3,

{a, b, c,d, e, f}]

DefvBundle[InnerC, M3, 2, {A, B, C, D, F, G}, Dagger - Complex]
DefTensor[v[a], M3]
DefTensor[T[-a, -b], M3, Antisymmetric[{-a, -b}]]
DefTensor[R[-A, -B, -C, -D], M3, RiemannSymmetric[{1, 2, 3, 4}], Dagger -» Complex]
DefTensor[u[-A], M3, Dagger -» Complex]

DefBasis[polar, TangentM3, {0, 1, 2}]

DefBasis[cartesian, TangentM3, {0, 1, 2}, BasisColor -» RGBColor[0, 0, 11]
DefBasis[complex, InnerC, {4, 5}, Dagger - Complex, BasisColor » RGBColor[0, 1, 0]]

Def Mani fol d: Defining mani fold M.

Def VBundl e: Defini ng vbundl e Tangent M3.

Def VBundl e: Defining vbundl e | nnerC.

1i d a te Sganbo: Baylsterma meCi s v e rlo adeert bstraictd e

1i date Sganbo: Baylsterma meDi s v e rlo adeerth bstraictd e

Def VBundl e: Defi ni ng conjugated vbundl e | nnerCt
Assumi ng fixed anti -i sonmor phi sm bet ween | nnerC and | nner Ct

Def Tensor: Defining

tensor vi[aj.

Def Tensor: Defining tensor T[-a, -b].

Def Tensor: Defining tensor R[-A -B, -C, -D]j.

Def Tensor: Defining tensor Rf[-Af, -Bf, -Cf, -Df].

Def Tensor: Defining tensor u[-A].

Def Tensor: Defining tensor ut[-Af].

Def Basi s: Defining basis polar.

Def CovD: Defining parallel

derivative PDpol ar [-a].

Def Tensor: Defining torsion tensor TorsionPDpol ar [a, -b, -c].

.nb |13
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XAct

* %

non-symetric Christoffel

* %

* %

* *

* *

* *

* *

* %

* *

.nb

Def Tensor: Defining

Def Tensor: Defining vani shing R emann tensor Ri emannPDpol ar [-a, -b,

Def Tensor: Defining vani shing Ricci

tensor Chri stoffel PDpol ar [a, -b, -c].

tensor RicciPDpolar[-a, -b].

Def Tensor: Defining antisymmetric +1 density etaUppol ar [a, b, c].

Def Tensor: Defining antisymmetric -1 density etaDownpol ar [-a, -b, -c].

Def Basi s: Defining basis cartesian.

Def CovD: Defining parallel derivative PDcartesian[-a].

Def Tensor: Defining torsion tensor TorsionPDcartesian[a, -b, -c].

Def Tensor: Defining non-symmetric Christoffel

Christoffel PDcartesian[a, -b, -c].

* *

* *

* *

* *

* *

* *

* *

* *

non-symmetric Christoffel

* *

* *

* *

nonsymmetric AChristoffel

* *

t ensor

-c, dj.

Def Tensor: Defining vani shing R emann tensor R emannPDcartesian[-a, -b, -c, d].

Def Tensor: Defining vanishing R cci tensor RicciPDcartesian[-a, -b].

Def Tensor: Defining antisymetric +1 density etaUpcartesianfa, b, c].

Def Tensor: Defining antisymetric -1 density etaDowncartesian[-a, -b, -c].

Def Basi s: Defining basis conplex.

Def CovD: Defining parallel derivative PDconplex[-a].

Def Tensor: Defining torsion tensor TorsionPDconpl ex[a, -b, -c].

Def Tensor: Defining

Def Tensor: Defining vani shing R emann tensor

tensor Chri stoffel PDconpl ex[a, -b, -c].

Ri emannPDconpl ex[-a, -b, -c, d].

Def Tensor: Defining vanishing Ricci tensor RicciPDconplex[-a, -b].

Def Tensor: Defi ning

Def Tensor: Defining nonsymmetric AChristoffel

AChri st of f el PDconpl ext [Af, -b, -Ct].

* %

* %

* %

* %

* %

* %

tensor AChri stoffel PDcompl ex [A, -b, -C].

tensor

Def Tensor: Defining vani shing FR emann tensor FRi emannPDconplex[-a, -b, -C, D].

Def Tensor: Defining vani shing FR emann tensor FRi emannPDconpl ext[-a, -b,

Def Basi s: Defining basis conpl ext.
Def Tensor: Defining anti symetric
Def Tensor: Defining anti symetric
Def Tensor: Defining anti symetric

Def Tensor: Defining anti symetric

XAct

PDpolar[-a][T[-b, -c]]

Da Tpe

+1 density
+1 density
-1 density
-1 density

et aUpconpl ex [A, B].

et aUpconpl ext [AT, Bf].

et aDownconpl ex[-A, -B].

et aDownconpl ext[-Af, -Bt].

-Cf, Df].
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T[{-a, -polar}, b] v[{1, cartesian}]

Tab Vl

T[{-a, -polar}, b] v[{1l, -cartesian}]

b
Ta Vi

XAct

$Metrics
$Bases

3

{pol ar, cartesian, conpl ex, conpl ext}

Basis[{ ) 1
Basis]]

Basis[{4, -complex}, A]

{Basis[{1, -polar}, a], Basis[-a, b], Basis[{-a, -cartesian}, {b, polar}],
Basis[{-a, -cartesian}, {b, cartesian}], Basis[{l, -polar}, {1, polar}],
Basis[{1, -polar}, {2, polar}]}

eA

[ei?, 52", e”. e”, 1, 0}

UndefBasiq]
ContractBasiy |

expr = Basis[{1, -polar}, a] Basis[-c, {1, cartesian}] v[-a, -b, c, {d, polar}]
Basis[{-d, -polar}, e]

1 a e cd
€c’ €1 €4 Vap

exprl = ContractBasis[expr]
ContractBasis[expr, polar]
ContractBasis[expr, cartesian]

ScreenDollarIndices[]
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SeparateBasis[Alndex] [exprl]
% // ScreenDollariIndices

f $9668 f$9669e

1
€150669 €1 V't $9668b

TraceBasisDummy[v[{a, cartesian}] T[{-a, -cartesian}, -b]]
TOb V0 + le Vl + T2b V2
BasisArray[ 1 ]

BasisArray[]

BasisArray[polar] [a]
BasisArray[cartesian] [-a]
BasisArray[polar, cartesian, cartesian][a, b, c] // MatrixForm

{eoa’ ela’ eza}

{ eaO , eal , eaZ}
e’ e,f eyt et e, e, et ey e,
e,® e, e, e,® e,” e, eo® e,% e,
eob eOa e2c eoa elb ezc eOa ezb ezc
eo’ €° e, et e, e, e’ e, e,
e,® e,¢ e,? e’ ¢ e;? et e® e’
e,® e,® e, e’ e,® e,° e,® e’ e,
e’ e, e,? et e’ e,? et e’ e,?
e,® e, e,? e’ e,¢ e,? e,f e’ e,?
e,® e, e,? e’ e, e,? e’ et e,?

ACT

M3

DefTensor[TT[-a, -b, c, d, -e], M3]
DefTensor[U[-a, -b, c, d], M3]
DefTensor[S[-A, B], M3, Dagger - Complex]

++ Def Tensor: Defining tensor TT[-a, -b, ¢, d, -e].
++ Def Tensor: Defining tensor U[-a, -b, c, d].

++ Def Tensor: Defining tensor S[-A B].

+»x Def Tensor: Defining tensor St[-Af, Bf].

DefMetric[-1, metricg[-a, -b], CD, {";", "V}, PrintAs -> "'g""]



* *

* %

* %

* %

* %

* %

* %

* %

* %

* %

* %

* %

XAct

Def Tensor: Defining symretric nmetric tensor netricg[-a, -b].

Def Tensor: Defining anti symmetric tensor epsilonnetricg[-a, -b, -c]J.
Def CovD: Defining covariant derivative CD[-a].

Def Tensor: Def

ni ng vani shing torsion tensor TorsionCD[a, -b, -c].
Def Tensor: Defining symetric Christoffel tensor Christoffel CD[a, -b, -c].
Def Tensor: Defining R emann tensor R emannCD[-a, -b, -c, -d].

Def Tensor: Def

ning symetric Ricci tensor RicciCD[-a, -b].

Def CovD: Contractions of Riemann automatically replaced by Ricci.
Def Tensor: Defining Ricci scalar RicciScalarCD[].

Def CovD: Contractions of Ricci automatically replaced by Ricci Scal ar.
Def Tensor: Defining symretric Einstein tensor EinsteinCD[-a, -b].
Def Tensor: Defining vani shing Wyl tensor Wyl CD[-a, -b, -c, -d].
Def Tensor: Defining symretric TFRicci tensor TFRicci CD[-a, -b].
Def Tensor: Defining Kretschmann scal ar Kret schmannCDJ[].

Def CovD:  Conputing R emannToWeyl Rul es for dim3

Def CovD: Conputing Ricci ToTFRi cci for dim 3

Def CovD: Conputing Ricci ToEi nsteinRules for dim3

Def Tensor: Defining weight +2 density Detnetricg[]. Determ nant.

9

{Basis[-a, -b], Basis[{a, cartesian}, {b, cartesian}],
Basis[{a, cartesian}, {b, polar}]}
{Basis[a, -b], Basis[{a, polar}, {-b, -cartesian}]}

{gab- gab’ gab}
{on® ep'}

$Metrics
$Bases
SymmetryGroupOfTensor[Basis[{1l, polar}, {-2, cartesian}]]

{nmetricg}
{pol ar, cartesian, conpl ex, conpl ext}

StrongGenSet [ {1, 2}, GenSet [Cycles[{1, 2}]]]

IndicesOfVBundle [TangentM3]
{{a, b, c, d, e, f}, {f1, f2, f3}}

T[{-a, -polar}, {-b, -polar}] v[{a, polar}] v[{b, polar}]
Simplification[%]

Tab v? Vb

0

nb |17
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0

v[-a] v[a] -v[{-a, -polar}] v[{a, polar}];
Simplification[%]
vy v3- v, v?

0

v[-a]v[a] -v[{-a, -polar}] v[{a, polar}]

v, v¥- v, v?

Torsion[cartesian]
Bracket[a] [Basis[{1, -polar}, b], Basis[{2, -polar}, c]]

Tor si onPDcart esi an
-T2
0 Simplification[]

expr = TT[{1, -polar}, -b, {2, cartesian}, c, -a] Basis[{1, -polar}, a] +
Basis[{1l, -polar}, a] Basis[-d, {2, cartesian}] U[-a, -b, d, {e, polar}]
Basis[{-e, -polar}, c] S[{-A, -comp}, B] S[-B, {A, comp}]

a 2c 2 a c A B de
€," TTip a+ €q° €1° € Sg Sa U

ChangeComponents[Ts[{-a, -cartesian}, {-b, -cartesian}],
Ts[{a, cartesian}, {b, cartesian}]]



Added

Added

Added

Added

Added

Added

Added

Added

Added

Added

Added

Added

Added

Added

Added

Added

Added

Added

Conputed Ts?, - O., Ts?° in

Added

Added

Added

Added

Added

Added

Added

Added

Added

ndependent

ndependent

ndependent

ndependent

ndependent

ndependent

ndependent

ndependent

ndependent

ndependent

ndependent

ndependent

ndependent

ndependent

ndependent

ndependent

ndependent

i ndependent

i ndependent

ndependent

ndependent

ndependent

ndependent

ndependent

ndependent

ndependent

i ndependent

rule Ts%
rule Ts%!
rule Ts°?
rule Ts'
rule Ts'!
rule Ts'?
rule Ts?°
rule Ts?!
rule Ts??
rule TsY
rule Tslo
rule Ts?,
rule Ts?;
rule Tsll
rule Ts?;
rule Ts%,
rule Tslz

rule Ts?,

rule Tsgg
rule TSOl
rule Tsgo
rule Tsqg
rule T511
rule Tsio
rule Tsjg
rule TSZl

rul e TSZZ

N3

N

N

N3

N

N

N3

N

N

0.

N

N3

Ts 20

01
Ts

Ts 22

Ts 10

11
Ts

Ts1?

Ts 20

21
Ts

Ts22
900
900
800
901
901
801
902

902

902

for

for

for

for

for

for

for

for

for

Ts 20

10
Ts

Ts 20

Ts 20

10
Ts

Ts 20

Ts 20

10
Ts

Ts 20

tensor Ts

tensor Ts

tensor Ts

tensor Ts

tensor Ts

tensor Ts

tensor Ts

tensor Ts

tensor Ts

+ 919 TSOl

11

+ 0.9 Ts

21

+ glO Ts

01

+ 0491 Ts

11

+ gll Ts

21

+ 911 Ts

01

+ 0., Ts

11

+ 0. Ts

+ 010 T321

0500007 Seconds

900
800
900
901
801
901
902
802

902

TSOO
TSOJ_

Tsoz

0
TSO

TSOJ_

Tsoz

0
TSO

TSOJ_

Tsoz

1
+ 0.9 Ts7o

1

+ 0,9 Ts™q

1

+ 019 Ts™

1

*gll Ts 0

1

+ 097 Ts™y

1

+ 091 Ts™

1

+ 0. Ts7p

1

+ 0., Ts™q

1
+ 09, Ts™

Computed Ts,, - Gca TsS, in 0.0500020 Seconds

920
920
920
921
921
921
922
922

922

920
920
920
921

921

922
922

922

for

for

for

for

for

for

for

for

for

for

for

for

for

for

for

for

for

for

t ensor

tensor

t ensor

t ensor

tensor

t ensor

t ensor

tensor

t ensor

tensor

t ensor

t ensor

tensor

t ensor

t ensor

tensor

t ensor

t ensor

XAct

Ts

Ts

Ts

Ts

Ts

Ts

Ts

Ts

Ts

Ts

Ts

Ts

Ts

Ts

Ts

Ts

Ts

Ts
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Fol dedRul e [{}, { Tsoo — Yoo Ts% + 910 Ts'o + 920 Tso,
Tso1 ~ Y00 Tsol + U190 Tsll + Uo9 Tszl, Tso2 = Y00 Ts 2 + 910 Ts 2 + Uy Tszz,
Ts10 — Y01 Tsoo + 011 Tslo + 09 Tszo, Ts11 = 901 Ts'1 + 911 Ts™1 + Gpq Tszl,
Ts12 = 901 Ts°2 + 013 Tslz + 0o Tszz, Ts20 = Y02 Tsoo + 01, Tso+ 922 Tszo,

Tso1 » 9op Ts% + 91p Ts'y+ Uy Ts?y, Tsay » Gop Ts% + 91p Tshy + 9y Ts?y ),

{1 {TSOO g goo TSOO + glg TSOl + 920 TSOZ,

Tslo - Yoo Ts0 + 910 Tstt + 920 Ts'?, Tszo - Qoo Ts?0 + 910 Ts?t + 920 Ts %2,
Tsol - 901 Ts0 + 911 TsO + 92, Ts %2, Tsll - Qo1 Ts'O 4 911 st + 951 Ts'2?,
T321 - 901 Ts?0 + 911 Ts?! + 921 Ts?2, Ts°2 - Qo2 Ts%0 + 912 TsO + 922 Ts %2,
Ts'y = 9op Ts'®+ 9y, Ts'h + 9y Ts'®, Ts?, - 9o, Ts?% + 95, Ts?' + 9y, Ts??}]

ComponentArray[Ts[{-a, - cartesian}, {-b, -cartesian}]];
% /. TensorValues[Ts] // Simplify;
% // MatrixForm
2 2
900 TSOO + 0499 TSll + 990 (glo (TSOl + TSlO) + o0 (TSO2 + TSZO)> + 3910 9, (
901 <900 TSOO + glO TSOl + gzo TSOZ) + gll (900 TSlO + glO TS11 + gzo T512> + 921 (g

992 <900 TSOO + 019 TSOl + Gy TSOZ) + 040 (goo TSlO + 019 TSll + Oy T812> + Ooo (g
Coba Undef

DefManifold[M3, 3, {a, b, c, d, e}]
DefManifold[S2, 2, {A, B, C, D, G, H}]
DefManifold[M5, {M3, S2}, {u, v, A, o, n, p}]

Vali da te SyselabSly mbold i a Ire audgydh sama ni f .c
Va li da te SyselabSly mboAll a Ire audg b 2 m bstraictd e
Di mOf lla ni: unklido wbnk nowa ni f 8 1

T h rovwno ca tdhh roMull il >

Hol d [Thr ow[Nul | 1]

4 il (]

DefTensor[T[a, b, -c], M3]

DefTensor[S[a, b], M3]

DefTensor[v[a], M3]

DefTensor[r[], M3]

DefParameter[time]

DefTensor[U[a, b, -C], {M3, S2, time}]
DefTensor[F[-a, -b], M3, Antisymmetric[{-a, -b}]]
DefTensor[w[a], M3]

«+« Def Tensor: Defining tensor T[a, b, -c].
Va li da te SyselabSly mboSE a Ire ausey ch sa te nso

Va li da te SyselabSly mbovl a Ire auseg ch sa te nso
«+ Def Tensor: Defining tensor r[].

«+« DefParaneter: Defining paraneter tine.

Va li da te SyselabSly mboUli a Ire ausey ch sa te nso
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xx Def Tensor: Defining tensor F[-a, -b].
=+ Def Tensor: Defining tensor wla]j.

DefCovD[ | 1]
Cd[]

DefCovD[Cd[-a]]
x+ Def CovD: Defining covariant derivative Cd[-a].
=+ Def Tensor: Defining vanishing torsion tensor TorsionCd[a, -b, -c].
xx Def Tensor: Defining symetric Christoffel tensor ChristoffelCd[a, -b, -c].

+x+ Def Tensor: Defining R emann tensor
Ri emannCd[-a, -b, -c, d]. Antisymetric only in the first pair.

x+ Def Tensor: Defining non-symmetric Ricci tensor RicciCd[-a, -b].
++x Def CovD:  Contractions of R emann automatically replaced by Ricci.

Cdl I 1

Cd[-al[v[c] ]
Cd[-a][F[-b, -c] v[c] ] v[b]

Va VE

vP (v® (VaFpe) + Foe (VaVv©®))

Cd[-a][ F[-b, -c] v[c] ]V[b] // Simplification

Fpe VP (vav®)

RiemannCd[-a, -b, -c, d] + RiemannCd[-b, -a, -c, d]
% // Simplification

R[vJabcd + R[v]bacd
0

$PrePrint=ScreenDollarIndices;

$PrePrint = ScreenDollariIndices;
RiemannCd[-a, -b, -c, d] // RiemannToChristoffel

T[7]%e TIV1%c - TIV]1%e TIVI®hc - 0aT[V]%c + BT[] %
RiemannToChristoffel[ ]
CovDToChristoffel[ ]
RiemannToChristoffel[]
CovDToChristoffel[]
Simulify ~ ToCanonical 0
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RiemannCd[-a, -b, -c, d] + RiemannCd[-b, -c, -a, d] + RiemannCd[-c, -a, -b, d] //
RiemannToChristoffel

% // ToCanonical

Cd[-c] [F[-a, -b]]

% // CovDToChristoffel // ToCanonical

Cd[-c][S[-a, -b]]

% // CovDToChristoffel // ToCanonical

TV %e TIV]%p + T[V]%e TIV]®c + T[V]%e T[V]%a -
T[V]%e T[V]%c - T[V]%e T[V]%a + T[V]

0aT [V]9p +0bT [V] %5 - T [V]9%a - 8eT (V] %0 + 0T [V] %a

Ve Fab
d d
- T[V] be Fad + T[V] ac Fpd +9cFap
Ve Sab
d d
~T[V] pe Sad - TIV] ac Sdb +9cSap

Antisymmetrize] { H
Antisymmetrize]]

2
Antisymmetrize[Cd[-e] [RiemannCd[-c, -d, -b, a]], {-c, -d, -€e}]
% // ToCanonical

% // Simplify
% // CovDToChristoffel

— (Ve R[V]geb” - Ve R[V] eab® -~ Vd RIV]cep® + Vd R[V]ech® + Ve R[V]cap” - Ve R[V] gcp?)

1
<Vd R[V]Ceba) + g (Ve R[V] Cdba)

Wk

N (Ve R[V]geb?) -
(Ve RIV]geb® = Vd R[V]cep” + Ve R[V]cqn")

— (T19]%e0 RIVIcap®™® - T1V1%®p R[V]cdero® - T[V]1%es RIVIcer®™ + TIV]1%%4n RIV]cees® -

el2 e8 1

ed R[v}celzba + T[V] ge R[v}cesba + T[v}acel R[v]debe -
L[V]%ch RIV]deez® - T[V]1%*ce RIV]gean® - T[V]1°Mec RIV]e11ap® -

T[v]1%cq RIVleseb” + T[V]1%4c R[V]ezeb® + OcRIV]geb” - 9aR[V]cen® + 0eRIV] cap” )

r{v]

Cd[ll]
Mathematica @

Cd[-a][Cd[-b][Vv[c]]]
Cd[-a]leCd[-b]ev[c]

Va Vp VE

Va Vp Vv ©



CommuteCovDg[ { H
xAct Cd

CommuteCovDs[%, Cd, {-b, -a}]
CommuteCovDs[Cd[-a]eCd[-b]er[], Cd, {-b, -a}]

- F% R[V]. + F?® R[V]pa + Vb Va F2P

Vp Var

XAct
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