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Loadi ng Mat hTensor for DOS/W ndows .

Mat hTensor (TM) 2.2.2 (W ndows/Li nux/Uni x/MacCS X (R)) (July 25, 2011)

by Leonard Parker and Steven M Christensen
Copyright (c) 1991-2011 Mat hTensor, Inc.
Runs with Mathematica (R) Versions 2.x-8.x

Li censed to machi ne soraduo.

No unit systemis chosen. |If you want one,
you nust edit the file called Conventions. m
or enter a command to interactively set units.
Units: {}

Sign conventions: Rrsign = 1 Resign =1
MetricgSign = 1 DetgSign = -1

Tensor For m t ur ned on,
ShowTi me turned off,
MetricgFlag = True.

MT
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OK
Tensor
=Q
MathTensor Mathematica
Mathematica Mathematia
Mathtensor
m DefineTnsor| A 11 Tensor
{3 { } 1 -1

Clear[va, vb, ta, tb, ant];
DefineTensor[va, {{1, 1}, 1}]
DefineTensor[vb, {{1, 1}, 1}]
DefineTensor[ta, {{2, 1}, 1}]
DefineTensor[tb, "t", {{2, 1}, 1}]
DefineTensor[ant, "a", {{2, 1}, -1}]
DefineTensor[{tl, t2, t3}, {{2, 1}, -1}]

2 ng

ua,ub lalb
Mathtensor
//OutputForm Mathematica
//OutputForm
Script
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tafua, Ib] // OutputForm
tb[ua, ub] // OutputForm

taa
b

ab
t
2,2) Ts
DefineTensor[Ts, {{2, 1}, 1}]

Pe rmWe i gt mSy mmet DfE®s ssi g ne

Pe rmWe i :gche:1Obj eT & e Fi

Ts[la, Ib] + Ts[lb, 1a] // OutputForm

2 Ts
ab

m Tsimplify[ ] Tensor

Tsimplify
ant ta
f1,f2,f3
//OutputForm
1 ;

fl = ant[la, Ib] tafua, ub];
f1 // OutputForm
Tsimplify[f1l] // OutputForm
f2 = tb[la, Ib] tafua, ub];
T2 // OutputForm

a taab
ab
0
taab t
ab
s MaxwellF[ ]
MathTensor Maxwell Ricci Riemann
Maxwdll
s CD[ , ]
= CDtoOD[ ]
m AffineToMetric] ]
AffineG[{ } Christoffel
AffineToMetric[f4] // OutputForm
pq rs pg rs pg rs pg rs
F F F F
grs,p g g ¢ gpr,qs . ¢ gps,qr . rs, pq
2 2 2 2

AffineToMetric[]



AffineToMetric[AffineG[ui, 1j, 1k]] // OutputForm

pi pi pi

S L S B L
2 2 2

RicciR[ ]

Clear[fl, 2, f3];

f1l = RicciR[la, uc] RicciR[lIc, Ib] +RicciR[le, 1a] RicciR[lb, ue];

T1 // OutputForm

Cc
Ra %C " Rae %

e

Tsimplify[fl] // OutputForm

2RC
a%c

T2 = Expand[ (RicciR[la, Ib] + MaxwellF[la, Ib]) (RicciR[ua, ub] + MaxwellF[ua, ub])1;

2 // OutputForm

F PP P r L RPyer
ab ab ab ab

3 = Tsimplify[Ff2];
3 // OutputForm

e
ab ab

0
Tsimplify[MaxwellF[la, Ib] RicciR[ua, ub]]
0

Downuserlist Upuserlist

Downuserlist // OutputForm
Upuserlist // OutputForm

{

A b c def g hi j Kk I'mn o

{abcdefghijklmno}

ant[la, Ib] // OutputForm
ant[lb, lIa] // OutputForm

aab

’ aab

MT

.nb |5
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= Symmetrieg] A 1]
Symmetries[tb[la, Ib]]
Symmetries[MaxwellF[la, Ib]]
Symmetries[RicciR[la, 1b]]
Symmetries[RiemannR[la, Ib, Ic, 1d]]
Symmetries[AffineG[ui, 1j, 1k]]

{{z, 1}, 1}

{{z, 1}, -13

{{z, 1}, 1}

{{2, 1, 3, 4}, -1, {1, 2, 4, 3}, -1, {3, 4, 1, 2}, 1}
{{1, 3, 2}, 1}

= AllSymmetries o 1]

AllSymmetries[ant[la, Ib]]
AllSymmetries[MaxwellF[la, Ib]]
AllSymmetries[AffineG[ui, 1j, IK]]

{{1, 23}, 1, {2, 1}, -1}
{{1, 23}, 1, {2, 1}, -1}
{{1, 2, 33}, 1, {1, 3, 2}, 1}

=@
Mathtensor Mathematca

MathTensor
Clear[] Mathematica
= Dimension
Clear[x]; Clear[y]; Clear[z];
Dimension = 3;
X[1] = x; x[2] =y; X[3] = z;

3

sl1,82,s3
wilw2,w3
tLt2t3 3

= DefineForm[{ o H

3
Mathtensor X[ 1]

Mahthematica ; Mathtensor

Clear[wl, w2, w3]; Clear[sl, s2, s3]; Clear[tl, t2, t3];
DefineForm[{sl, s2, s3}, {1, 1, 1}];
DefineForm[{wl, w2, w3}, {2, 2, 2}];
DefineForm[{tl, t2, €3}, {3, 3, 3}1;
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= XD[{  }]
XD[ ]

XD[s1]
XD[wl]
XD[t1]

dsl
dwl
0

= CoorRep[{ 1
CollectForm[{ 11

dgl = CoordRep[XD[s1]];
CollectForm[%] // OutputForm
dg2 = CoordRep [XD[w1l]];
CollectForm[%] // OutputForm
dg3 = CoordRep [XD[t1l]];
CollectForm[%] // OutputForm

sl - sl dx N dy + (sl - sl dx ~ dz + (sl - sl dy ~ d
(si, 1) XAy (sl 19 @XM dz (sl 2 g) Wy N dz
(-wl + wl - wl ) dx ~ dy ~ dz
32:1 31:2 21:3
0
1,2,3 X,Y,Z
sl wl

Table[sl[i, J1, {i, 1, 3}] // MatrixForm // OutputForm
Table[wl[i, j1, {i, 1,3}, {J-1, 3}1 // MatrixForm // OutputForm

1
sl j
2
sl j
3.
sl j
12 13
0 wl wl
12 23
-wl 0 wl
13 23
-wl -wl 0
s1 1
wl 2
MathTensor [1
wl

Table[wl[-i, -j1, {i, 1, 3}, {J, 1, 3}] // MatrixForm // OutputForm
-wl -wl
0 21 31

-wl
21 0 32

=

wl
31 32 0
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» FtoC[{  }{ }H

FtoC[w2, {li, 1J}] // OutputForm
FtoC[w2, {ui, uj}] // OutputForm

W2,

1)
w'

Mathematia

wl[-1, -2] =3x?+2y-2;
wl[-1, -3] =3x?>-2y+2z;
Wl[-2, -3] = -3x%+2y+2Z;
wl[-2, -1] = -wl[-1, -2];
wl[-3, -1] = -wl[-1, -3];

wil[-3, -2] = -wl[-2, -3];
Table[wl[-i, -j], {i, 1, 3}, {J, 1, 3}] // MatrixForm

0 3x2+2y-z 3x%2-2y~+z
-3x2-2y+z 0 -3x2+2y+z
-3x2+2y-z 3x2-2y-z 0

dgl = CoordRep[XD[wl]];
CollectForm[%] // OutputForm

(1 - 6 x) dx ~ dy " dz

Table[wl[-i, -j1, {i, 1, 3}, {J, 1, 3}] // MatrixForm // OutputForm
Table[wlri, j1, {i, 1,3}, {J- 1, 3}] // MatrixForm // OutputForm

2 2
0 3x +2y -z 3x -2y +z
2 2
-3x -2y +z 0 -3 x +2y +z

2 2
-3x +2y -z 3x -2y -2z 0

12 13
0 wil wil
12 23
-wl 0 wil
13 23
-wl -wl 0

Mathtensor

1 s1,82,s3

= On[XDtoCDFlag]

Off[XDtoCDFlag]

2
On,Off CoordRep[]



fw

On[XDtoCDFlag]

dfl = CoordRep[XD[s1]]:

df2 = CoordRep[XD[s2]]:

df3 = CoordRep[XD[s3]];

df = dfl + df2 + df3;
CollectForm[df] // OutputForm
Off[XDtoCDFlag]

dfl = CoordRep[XD[s1]];

df2 = CoordRep[XD[s2]];

df3 = CoordRep [XD[s3]]:

df = dfl + df2 + df3;
CollectForm[df] // OutputForm

sl - sl + s2 - s2 + s3 - s3 dx N dy +
( 2;1 1;2 2;1 1;2 2;1 1;2) y
(sl - sl + s2 - s2 + s3 - s3 ) dx ~ dz +
3;1 1;3 3;1 1;3 3;1 1;3
(s1 - sl + s2 - s2 + s3 - s3_ ) dy M dz
3;2 2;3 3;2 2;3 3;2 2;3
(s1 - sl + s2 - s2 + s3 - s3, ) dx M dy +
2,1 1,2 2,1 1,2 2,1 1,2
1 - sl + s2 - 82 + - A +
(s 31 S 1.3 S 31 s 1.3 333’ 1 331, 3) dx dz
(s1 - sl + s2 - s2 + s3 - s3_ ) dy N dz
3,2 2,3 3,2 2,3 3,2 2,3
XP[AB] A
viv2v3 (2,1) t1,t2,t3
sl1,82,s3, wlw2,w3

3 4
Clear[vl, v2, v3, s1, s2, s3, wl, w2, w3, t1, t2, t3, f1, f2, f3];
Dimension = 4;
DefineForm[{sl, s2, s3}, {1, 1, 1}];
DefineForm[{wl, w2, w3}, {2, 2, 2}];
DefineTensor[{vl, v2, v3}, {{1, 1}, 1}1;
DefineTensor[{tl, t2, t3}, {{2, 1}, 1}1;

fw = XP[wl, wl]
fs = XP[s1, s2, s3]
fv = XP[vl, v2, v3]
ft = XP[tl, t2]

wl ~ wl

sl ~ s2 ™ s3
vliv2v3

t1t2

Wedge N
fw
4

fl = FtoC[fw, {la, Ib, Ic, 1d}];
2 = f1 // OutputForm

2 wl wil - 2wl wl + 2 wl wl
ad bc ac bd a c

b d

fw

MT

.nb |9
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2 = XD[fw]
0
wil 3 3
3 = XD[wl]
FtoC[%, {la, Ib, Ic}] // OutputForm
dwl

wl - wl + wil
ab; c ac; b bc; a

1 CoXDJ[]

CoXD[F3]

FtoC[%, {la, Ib}] // OutputForm
CoXD[wl]

FtoC[%, {la}] // OutputForm

del ta(dwl)

p p
-wl + wl - wl
pa; b pb; a ab; p

p

delta(wl)

w P

pa;
CoXD[{ 1
CoXDJ[]

dw = XD[fw]

ds = XD[fs]

dv = XD[fv]

dt = XD[ft]

gw = CoXD[fw]

FtoC[%, {la, Ib, Ic}] // OutputForm
gs = CoXD[fs]

FtoC[%, {la, Ib}] // OutputForm

0

sl ~ s2 ™~ (ds3) -s1 N s3 N (ds2) +s2 ~ s3 ™ (dsl)
v2v3 (dvl) +v1v3 (dv2) +v1lv2 (dv3)

t2 (dt1) +t1 (dt2)

deltawlL ~ wl)

Pvw +2wmw Pw - 2w
pa a

-2 wl
C; pb ab; pc pc; ab pb; ac pa;

bc;
delta(sl ~ s2 ~ s3)

p p

s3 sl s2 - s3 sl s2 - s3 sl s2 + s3 P sl s2 + s3 P sl s2 - s3 P si
b; a p a; b p b; a ; b a ; b p;
s2 P sl s3 + s2 P sl s3 + sl P s2 s3 - sl P s2 s3 + s2 P sl s3 - s2 P
b; a p a; b : ; b p ; a ;
sl P s2 s3 + sl P s2 s3 - s2 P sl s3 + s2 P sl s3 + sl P s2 s3 - sl P
b; a ; b : b ; a ; b p;



Hodge

Clear[f1, 2, 3, f4, g1, g2, g31;

f1l = HodgeStar[sl]
T2 = HodgeStar [w2]
T3 = HodgeStar [gw]
T4 = HodgeStar [gs]

gl = FtoC[fl, {la, Ib, Ic}] // OutputForm
g2 = FtoC[f2, {la, Ib}] // OutputForm
g4 = FtoC[f4, {li, 1J}] // OutputForm
g5 = FtoC[f5, {li, 1j}] // OutputForm

«(delta(wl ~ w2))

«(delta(sl N s2 " s3))
-(Epsilon psl)
abc p
. pq
Epsi | w2
psi onab 0q
2
p . r
q or s3  Epsil on, . slr szq
-(s3 Epsi | 1 2 + :
(s D: psi onij S ; S q) 5
s3 P Epsi | on... I s1 szr ;
P J 9 +s2 1 Epsi | on, . Pl g1 s3 -
2 ; 1) r q
; sl P Epsi | oni . ar sZr s3
s1 Epsi | on, . Plso s3 + B J g9.
p; i rq 2
s2 P Epsi | on, . " s1 53r ;
i J g +s1 O Epsil on_ . Pl g0 s3 -
2 p; i] q r
p . r
q or s3  Epsil on, . slr szq
-(s3 Epsi | 1 s2) + .
(s : psi onij S ; S q) 5
s3 P Epsi | on, . T s1 52r ;
P: J g +s2 @ Epsilon. . Pl g1 s3 -
2 ; 1) r q
; sl P Epsi | on.. ar 52r s3
sl q Epsilon, . P s2 s3 + P ! g
p; i rdq 2
s2 P Epsi | on, . T s1 53r ;
P: J g +s1 O Epsilon_ . Pl so s3 -
2 p; i] q r

MT .nb |11
+ s3 q Epsilon. . pr sl s2 -
p; 1) q r
s2 P Epsilon, . ar sl s3
p; 1) r q
2
s2 g Epsilon, . pr sl s3 +
p; I q r
sl P Epsilon, . ar s2 s3
; i q r
2
+ s3 q Epsilon, . pr sl s2 -
p; 1) q r
. qr
s2 Epsil on, . sl s3
; I r q
2
s2 g Epsilon, . br sl s3 +
p; 1) q r
sl P Epsilon, . ar s2 s3
p; I q r
2
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Tb = Table[g2, {la, 0, 3}, {lb, 0, 3}] // MatrixForm // OutputForm

1
Epsi | onTensor For ni 0] Pa szq

0 2

3
PA \p

Epsi | onTensor For ni 0] 0q

2

1
- (Epsi | onTensor For n{ 0] Pa V\qu)

2 0
13pq

w2

Epsi | on
Pq

2

. 2pq . 12
-(Epsil onTensorForn{ 0 w2 -(Epsilon
(Ep nf 0] pq) (Ep 0q
2 2

23pq

w2

Epsi |l on
Pq

2

13
pq w2

. 3pq .
-(Epsil onTensor Forn{ 0 w2 -(Epsilon
(Ep nf 0] qu) (Ep 0q

2 2

0

sl /:s1[-1, -1] = al;

sl /:s1[-2, 2] = a2;

s2 /:s2[1, 1] = bl;

s2 /:s2[2, 2] = b2;

XP[sl, s2]

FtoC[%, {la, Ib}] // OutputForm

sl N s2

-(sl1l s2 + sl s2
(b a) a b

0

Clear[fl]; Clear[f2]; Clear[f3]; Clear[f4]
f1 = XD[wl]
2 = XD[w2]
3 = XD[W3]
f4 = XD[w4]

dwl
dw2
dw3
dw4

Epsi | onTensor For ni 0]

2
Epsi | on:L2pq w2
Pq
2
0
23
-(Epsilon Pd w2
pPq
2
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gl = FtoC[f1, {la, Ib}]

g2 = FtoC[f2, {la, Ib, Ic}]

g3 = FtoC[f3, {Ili, 1], Ik, 11}]

g4 = FtoC[f4, {li, 1j, 1k, 11, Im}]
CDtoOD[g3]

- (Wla;p) +Wlp; a

W2ab; ¢ ~W2ac; b + W2he; a

—<V\Bijk;l) + W31k -W3iki;j +W3jki;i
0

- (WBijk, 1) +WBiji k- WBiki,j + Wikl i

= XD[ ]

1 = XD [Wl]

2 = XD [W2]

3 = XD [w3]

4 = XD [W4]

dwl

dw2

dws3

0

MathTensor
LN

MetricQ[] g
MathTensor
Mathtensor <<Mathtens.m
Mathtensor
Mathtensor

<< Componen.m
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Loadi ng Conponents for DOS/W ndows .
Mat hTensor (TM) 2.2 (DOS/W ndows (R)) (June 1, 1994)

Conponent s Package
by Leonard Parker and Steven M Christensen
Copyright (c) 1991-1994 Mat hSol utions, Inc.
Runs with Mathematica (R) Versions 2. X
Li censed to one nachine only, copying prohibited.

Mathtenor
u

My-1 M
ds? = [1-26 —) dr? + r2 de? + r2 Sin[e1? d¢? - (1—26 —) dt?

r r
MathTensor

0
Metricg
1
Dimension = 4;
X /I X[1] =r;
X /I X[2] = 6;
X /2 X[3] = ¢;
X /: X[4] = t;
My -1
Metricg /: Metricg[-1, -1] = (1-26 —] ;
r

Metricg /: Metricg[-2, -1] = O;
Metricg /: Metricg[-3, -1] = 0;
Metricg /: Metricg[-4, -1] = 0;
Metricg /: Metricg[-2, -2] = r?;
Metricg /: Metricg[-3, -2] = 0;
Metricg /: Metricg[-4, -2] = 0;
Metricg /: Metricg[-3, -3] = r?Sin[e]?;
Metricg /: Metricg[-4, -3] = 0;

M
Metricg /: Metricg[-4, -4] = - (1-2@ _];
r
Rmsign = 1;
Rcsign = 1;

CalcEinstein = 1;
CalcRiemann = 1;
CalcWeyl =1;

m 2 OutPut .out nr
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MathTnsor Componen.m

Components[*"CompInSchw.m", "CompSchw.m", "CompSchw.out"]

Ge:tnoop e:rComp | nS cnhw >

The follow ng tensors have been cal cul ated and stored

inthe file ConpSchw. min |nputForm and

inthe file ConpSchw. out in QutputForm

Metricg

Mat ri xMetri cglLower
Mat ri xMet ri cgUpper
Det g
AffineGlua,lb,lc]
Ricci R[la,lb]

Scal arR

Ei nstei nG[l a, | b]

Ri emannR[l a, | b,1c,1d]

vyl Cla, 1 b, lc,1d]

You can edit ConmpSchw.out to print a record of the results.

<<Componen.m

2 de Sitter

de Sitter Mathematica 3

Clear[Xd]
Xd[t_, r_,6e_, ¢_] := {t, Cosh[r] Cos[e] Cos[¢], Cosh[r] Cos[e] Sin[¢], Cosh[r] Sin[e]}

c=1 x1 x4 dl d4
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didj

¢=0

.nb

X1 = Part[Xd[t, r, 6, ¢], 1] /- r»t
X2 = Part[Xd[t, r, e, ¢]1,2] /. r>t
x3 = Part[Xd[t, r, e, ¢],3]1 /- r>t
x4 = Part[Xd[t, r, 6, ¢],4] /. r>t
dl=D[Xd[t, r, e, ¢],t] /. T>t
d2 = D[Xd[t, r, 6, ¢],r] /.r>1T
d3 =D[Xd[t, r, 6, ¢],0] /. Tt
d4 =D[Xd[t, r, e, ¢],d] /-r>t

t

Cos [6] Cos [¢] Cosh [t ]

Cos [6] Cosh[t] Sin[¢]

Cosh[t] Sin[o]

{1, 0, 0, 0}

{0, Cos[6] Cos[¢] Sinh[t], Cos[6] Sin[¢] Sinh[t], Sin[6] Sinh[t]}
{0, -Cos[¢] Cosh[t] Sin[6], -Cosh[t] Sin[6] Sin[¢], Cos[e] Cosh[t]}
{0, -Cos[6] Cosh[t] Sin[¢], Cos[e] Cos[4] Cosh[t], O}

Gij = Table[Simplify[d[i].d[J]1], {i, 1, 4}, {J, 1, 4}] // MatrixForm

-Cosh[t]? 0 0 0
0 Sinh[t]? 0 0
0 0 Cosh [t ]? 0
0 0 0 Cos [0]2 Cosh [t ]2

NX = Limit[SimpIify[\/xl2 + %22 + x3? + x4? ] ,to O]
1

t (x1) x2x4
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X2=X2 /. ¢ -»0;
X4 =x4 /. ¢ - 0;
ParametricPlot3D[{t, x2, x4}, {t, -1, 1}, {6, -7, 7}]

MathTensor didj
dl.dl

Dimension = 4;

X /2 X[1] =71;

X/ X[2] =6;

X /I X[2] = ¢;

X /2 X[3] = t;

Metricg /: Metricg[-1, -1] = FullSimplify[dl.d1]
Metricg /: Metricg[-2, -1] = O;

Metricg /: Metricg[-3, -1] = 0;

Metricg /: Metricg[-4, -1] = O;

Metricg /: Metricg[-2, -2] = FullSimplify[d2.d2]
Metricg /: Metricg[-3, -2] = 0;

Metricg /: Metricg[-4, -2] = 0;

Metricg /: Metricg[-3, -3] = FullSimplify[d3.d3]
Metricg /: Metricg[-4, -3] = 0;

Metricg /: Metricg[-4, -4] = FullSimplify[d4.d4]
Rmsign = 1;

Rcsign = 1;

CalcEinstein = 1;

CalcRiemann = 1;

CalcWeyl =1;

1

Si nh[t]?
Cosh [t ]2

Cos [6]2 Cosh [t ]2
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Components[*'CompInDeSit.m", "CompDeSit.m", ""CompDeSit.out"]

Mathematica Mathtensor
LI
| ]
Mathtensor MathTensor
Mathtensor Mahtensor
0

<< CompSchw.m

Metri cgFl ag has been turned off.
G

= Metricg[{ H
MG = Table[Metricg[-i, -1, {i, 4}, {J, 4}] // MatrixForm

1

7ZGM 0 0

0 r2 0 0

0 O0 r2sSinfe]? 0

0 o0 0 -1+2rﬂ”

X,\¥Y,Z

f=-pc[r] /. G-1/.Mas1l/.6->5n/2;
RevolutionPlot3D[Part[f, 3], {r, 0.00001, 1}]

m AffineG[{ } Christoffel
Christoffel

i
Tik,h =Tik Gjn
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F}k =Tjk, h gh
1
(T%) e = E 0% (ddb.c + Gdc.b - Obc.d)

AF[E L § . Kk ] := Simplify[

1 4

EZ (D[Metricg[-J, -h], X[k]] + D[Metricg[-k, -h], xX[J]] -D[Metricg[-], -K], xX[h]])
Metricg[i, h]]

Af[1, 1, 1] // OutputForm
Af[1, 4, 4] // OutputForm

GM(-2 GM+r)
3

MathTensor
AffineG

AffineG[1, -1, -1]
AffineG[1, -4, -4]

GM
(2GM-r)r
-2&M +GMr

r3

= RiemannR[{ H

Riemann

Clear[Rm];
Rm[i_,j ,k ,01_1:= Simplify[D[Af[i, J, 11, x[k11 -

4 4
DIAFLE, j. K1, x[111+ > AFIp, j, 11 AFLi, p, k1 - )" AF[p, . kI AF[i, p, 1]]
p=1 p=1

MathTensor
Rm[1l, 3, 1, 3]
RiemannR[1, -3, -1, -3]
GMSin[o]?
E—
GMSi n[o]?

r



20| MT .nb

Rim = Table[RiemannR[-i, -J, -1, -1, {i, 4}, {J, 4}] // MatrixForm

0 GM GMSin[o]2
2 GM-r 2 GM-r
cM 0 r2_r2Cos[6]2+2GMr Sin[e]2-r2Sin[e]?
2 GM-r
i 2 . .
G";Sé% r2_r2Cos[6]2+2GMr Sin[e]2-r2Sin[e]?2 0
2GM _2 @ M+GMr _ GM(2GMr) Sin(e)?

rs r2 r?

= RiemannR[{ H
RicciR[{ H
ScalarR[{ H

Ric = Table[RicCciR[-1, -J1, {i, 4}, {J, 4}] // MatrixForm

0 0 0 0
0 -1-Cot [6]2+Csc[o]? 0
0 0 1-Cos[e]2-Sin[e]2 0O
0 0 0 0
0
Simplify[Sum[RicciR[-1i, -1], {i, 1, 4}]]
0
Mathtensor
ScalarR
Simplify[%]
2 (1+Cot [0]2-Csc[e]?)
I’2
0
Mathematica
u
Mathtensor MathTensor
Mathtensor Mahtensor

<< CompDeSit.m
Metri cgFl ag has been turned off.
G
MG = Table[Metricg[-1i, -J1, {1, 4}, {J, 4}] // MatrixForm

1 0 0 0
0 Sinh[t]? 0 0
0 0 Cosh [t ]2 0
0 0 0 Cos [6]2 Cosh [t ]2
0
X\y,Z
Clear[f];

ScalarR
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g4 = Sqrt[Metricg[-4, -4]]

\/COS[@]ZCOSh[t]Z

NX = Limit[SimpI ify[\/xl2 + %22 + 32 + x4? ] ,to 0]
1
¢=0 t (x1) x2x4

Plot3D[g4, (t, -1, 1}, {6, -, n}]

Tensor

ab P AB
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B~
b «
P rrrrr
o) @ s a
a A

OA = Oa + ObCosa 1
OB = b + CaCosa (1)

2
Oa = (OA- OBCosa) /Sin?a (2)
b = (OB - OACosa) /Sin?a

2 oP
P - /a2 + b2 + 2 0a Ob Cosa (3)

OP
oP - ./ (O + 0B? - 2 0AOBCosa) /Sin’ a (4)

1
OoP = +/CaOA + CbCB (5)
Oa = xt, Ob=x2 (6)
QA =Xx;, OB=x> (7
ij (i=1,2 j=1,2)
1 Cosa

9 = (Cosa 1 ) (8)
) 1 Cosa 1
L -
9 N (—COSO( 1 )Sl nZO( (9)



oP

P PA,PB

CaPA=0OPB-= |a/\b‘

A
[ ]
Va
AX
a bc
(V) par = V& (X +AX) + (T%)pe (X) V2 (X) AXE
T
_ (Va) par % b
(V¥) ¢ = limge, g —————— = (V®) ¢+ (T%)pe V
AXC
(Va) ;c T (Va) ,c~ (ra)bc Vp
Oab;c = 0
1 d
(T%) pe = E 9 (Qdb,c + Gde,b - b, d)
MathTensor Gq,
[ |
Mathtenor Mathematica

Ver9

MT .nb |23

(10)

(11

(12)

(13)

(V) par (X)
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Unprotect[TensorQ]
Unprotect[RiemannR]
Remove [RiemannR]
Unprotect[Symmetrize]
Remove [Symmetrize]

<< Mathtens.m

{Tensor Q}
{R emannR}
{Symetri ze}

Loadi ng Mat hTensor for DOS/W ndows .

Mat hTensor (TM) 2.2.2 (W ndows/Li nux/Uni x/MacCS X (R)) (July 25, 2011)
by Leonard Parker and Steven M Christensen

Copyright (c) 1991-2011 Mat hTensor, Inc.

Runs with Mathermatica (R) Versions 2.x-8.X

Li censed to machi ne soraduo.

No unit systemis chosen. If you want one,
you nust edit the file called Conventions. m
or enter a command to interactively set units.
Units: {}

Sign conventions: Rnsign = 1 Resign = 1
MetricgSign = 1 DetgSign = -1

Tensor Form t urned on,
ShowTi ne turned off,
MetricgFl ag = True.

MathTensor

Dimension = 4;

coord = {X, Yy, z, t}

{X! Yy, Z, t}

1
trans = {x+Ky, vy, z, t}
{(X+Ky, vy, z, t}

21 Ta



DefineTensor[Ta, {{2, 1}, 1}]

Pe rmWei:gsy mSy mmet ofEa ssi g ne
Pe rmWe i :\gche:Obj eTad e Fi |
4

= Transform[ S : : ]
Ttransform[Ta, Kdelta[la, Ib], coord, trans, -1]

Conponents assigned to Ta

Ma = MatrixForm[Table[Ta[-1, -1, {1, 4}, {J, 4}11]

1 K 00
K1+K2 0 0
0 0 10
0 0 01
Kdeta(]

MatrixForm[Table[Kdelta[-i, -J]1, {i, 4}, {J, 4}1]
1000

o
O O B

0
1
0

= O O

T ab (x) = Tab (X) + € (_Va’prb_vb’pTap +Tab,pvp)

Y, Lie
£ ab _ gab
LieDy (t%°) = Limite,o ———— = -V& ;TP _vP [ T3 , T30 ,\P
€
- A 1:.ab‘tabm
LieDy (tap) = Limite,o —————— = VP a Tpp + VP a T ap + Tap p VP
€
MathTensor Lie
(2, 1) t %

DefineTensor[t, {{1, 2}, 1}]
DefineTensor([v, {{1}, 1}]

Pe rmWe i :gche: O bj etcdte Fi
Pe rmWe i :gche: O bj exwd e Fi |
m LieD] , ]

MathTensor Lie

MT

.nb |25



26| MT .nb

fl = LieD[t[ua, ub], V] ;
f1 // OutputForm

. a b
LleDV(t[, 1)

m LieDtoCD[ ] Lie
LieDtoOD[ ] Lie
2 = LieDtoCD[f1];
T2 // OutputForm
3 = LieDtoOD[f1];
3 // OutputForm

SO0 R L DI BT G IR TS B
SO0 T L DI BT G IR TS B
f4 = CDtoOD[F2] ;
T4 // OutputForm

a p b b a p a b p a q b p
-(V[],pt[, ])-V[]‘pt[- I +t[ ]’pV[]-qut[ 1 v[']
b a q p a p b q b a p q
qut[,]v[]+qut[,]v[]+qut[,]v[]

Mat ht ensor
M athtensor

<< Componen.m

Mat hTensor (TM) 2.2.1 (UNI X/Li nux/Mac OS X (R))
Conponent s Package

by Leonard Parker and Steven M Christensen

Copyright (c) 1991-2009 Mat hTensor, Inc.

Runs with Mathematica (R) Version 2.x to 7.x

Li censed to machi ne soraduo.
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Clear[Xx, Yy, 2];
Dimension = 3;
X /I X[1] = X;
X /1 Xx[2] =y;
X /2 X[3] = z;

fl=4(x®+y?+2%) / (( ) -x
f2-4 (x2+y2+22)/ ((x2+y2+22) -yz);;
3=4(x%+y*+2%) / ( ) -2z
Metricg /: Metricg[-1, -1] = f1;
Metricg /: Metricg[-2, -1] = 0;
Metricg /: Metricg[-3, -1] = 0;

Metricg /: Metricg[-2, -2] = T2;
Metricg /: Metricg[-3, -2] = 0;

Metricg /: Metricg[-3, -3] = f3;
Metricg /: Metricg[-4, -3] = 0;

Rmsign = 1;
Rcsign = 1;
CalcEinstein = 1;
CalcRiemann = 1;
CalcWeyl =1;

Components["CompInRiem.m", "CompRiem.m", "CompRiem.out"]

Ge:tnoop exrComp | nRime m >
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The foll owi ng tensors have been cal cul ated and stored

inthe file ConpRlremmin |nputForm and

in the file CompRi emout in QutputForm

Metricg

Mat ri xMet ri cgLower
Mat ri xMet ri cgUpper
Det g
AffineGlua,lb,lc]
Ricci R[la,lb]

Scal arR

Ei nstei nG[l a, | b]

Ri emannR[l a, | b,1c,1d]

Wyl Clla,lb,lc,1d]

You can edit CompRiemout to print a record of the results.

R*1 R
MVat ht ensor
Mathtensor

<< Componen.m

Mat hTensor (TM) 2.2.1 (UN X/Li nux/Mac OS X (R))
Conmponent s Package

by Leonard Parker and Steven M Christensen

Copyright (c) 1991-2009 Mat hTensor, Inc.

Runs with Mathematica (R) Version 2.x to 7.X

Li censed to machi ne soraduo.
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Dimension = 4;

X /1 X[1] = X;
X /2 X[2] =V;
X /1 X[3] = z;
X /I X[4] = t;
4 R?
Metricg /: Metricg[-1, -1] = ——m

(R? + (x1112))
Metricg /: Metricg[-2, -1] = 0;
Metricg /: Metricg[-3, -1] = 0;
Metricg /: Metricg[-4, -1] = 0;

M i M i 2, -2 4R

etricg /: Metricg[-2, -2] = ——;
(R2+ (x1212))

Metricg /: Metricg[-3, -2] = 0;

Metricg /: Metricg[-4, -2] = 0;

M i M i 3, -3 4R
etricg /: Metricg[-3, -3] = ——M;
(R*+ (x131%))

Metricg /: Metricg[-4, -3] = 0;

M i M i 4, -4 4R

etricg /: Metricg[-4, -4] = —M8MMMM;
(R? + (x141%))

Rmsign = 1;

Rcsign = 1;

CalcEinstein = 1;
CalcRiemann = 1;
CalcWeyl = 1;

Components[''CompInRieml.m", "CompRieml.m", "CompRiwml.out"]

Ge:tnoop erComp | nRi.mmm1 >



30| MT .nb

The foll owi ng tensors have been cal cul ated and stored
inthe file ConpRienl.min |nputForm and
in the file ConpR wnil. out in Qutput Form

Metricg

Mat ri xMet ri cgLower
Mat ri xMet ri cgUpper
Det g
AffineGlua,lb,lc]
Ricci R[la,lb]

Scal arR

Ei nstei nG[l a, | b]

Ri emannR[l a, | b,1c,1d]
Weyl Clla,lb,lc,1d]

You can edit ConmpRiwnl.out to print a record of the results.
Mathematica
M athtensor M ahtensor (Ver9

Unprotect[TensorQ]
Unprotect[RiemannR]
Remove [RiemannR]
Unprotect[Symmetrize]
Remove [Symmetrize]

<< Mathtens.m

{Tensor Q}
{R emannR}

{Symetri ze}

<< CompRiem.m

RicciR[la, Ib] // OutputForm
Simplify[ScalarR] // OutputForm
RiemannR[la, Ib, Ic] // OutputForm

R
ab

abc
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MG = Table[Metricg[i, j], {i, 3}, {J, 3}] // MatrixForm // OutputForm

AG = Table[AffineG[1, -j, -K], {J, 3}, {k, 3}] // MatrixForm // OutputForm
Rie = Table[Simplify[RiemannR[-i, -, -1, -J11, {i, 3}, {J, 3}] // OutputForm
Ric = Table[Simplify[RicciR[-i, -J]], {i, 3}, {J, 3}] // OutputForm



