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Abstract
ATA isatensor calculus package made for general purpose, easy to use with good looking formuladisplay. This package
was built for computing large tensor equations with the least amount of time. This package is unique in the sence that it
alowsyou to input tensors in their tensor form and it has a simpe framework. The Output comes with tensor and derivatives
of tensors only and any covariant derivatives are evaluated at the beginning. In addition, ATA uses the tensors symmetries
to simplify an expression enormously. ATA can be of interest to the scientist working on any field where tensor calculusis
required.

Cl ear ["d obal ™ %" ];
Get ["C:\\Li brary\\ Mat hemati ca\\ Af ak Publish\\ ATA. ni' ];

First we must set the number of dimensions and name our coordinate.

Set System[3, X]

Tutorial

= Evaluating Tensor

Use the EvaExp Head to Evalaute your tensor and write in tensor form.

As // EvaExp

Aq

= Expandindex

Use the Expandindex Head to sum over repeated indices.
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A, A% // EvaExp // Expandl ndex

ALA A A, - A A

» Contractindex

Use the Contractindex Head to Contract repeated indices.

Aq A* // EvaExp // Expandl ndex
A, A% // EvaExp // Expandl ndex // Contract | ndex

AL A+ A2 A, - AS A

AR A

n Define

Use the Define Head to Define your tensor .

Define[{ Tensor Name, Tensor Indices, Tensor Definition,Symmetric I ndices,Antisymmetric Indices, Tensor Elements} ]
When using Define you must enter the tensor name and its indices, however its optional to enter the other elements such
as " Symmetric Indices".

e.g. Defing[{ 6, {a-b}}], defines 62

eg. Definel{4, {a-b}, 0% gw.{{a-b}}, {{1,0,0}.{0,1,0} {0,0,1}}}], defines 6§ = g™ gep and 6§ is symmetric with
respect to the permuation aand b.

Define[{W {a, -b}, 9% gcp}]
W // EvaExp

gac 9eb

m SimplifyTensor

SimplifyTensor Head uses elements four and five of Defing[] to simplify equations
e.g Show that Tg, + Tpa=0, where Ty, is antisymmetric

Define[{T, {-a, -b}, , , {{-a -Db}}}]
Tap + Tpa // EvaExp
Tap + Toa // EvaExp // SinplifyTensor

Tap + Tha

0



= P Operators

Use D Head when writing derivatives
eg.
V§ iswritingas D1[V?, b]

V3§ iswriting as D,[V?, b]

D1[VE, b] // EvaExp
D, [VE, b] // EvaExp

Vi

V’ab + \/C F?b

= Replacelndices

Use Replacel ndices Head to replace indices of equations

V2 // EvaExp
V2 // EvaExp // Repl acel ndi ces [#, {a > 1}] &

\F-\

Vl

m Calculate

Calculate Head uses the sixth element of Define evaluate tensor

Define[{g, {-u, -v}, , ., . Diagonal Matrix[{1, X§, X§Sin[X]1°}]}]

Ouv // Evakxp

d.v // EvaExp // Repl acel ndices [#, {u->2, v->2}] &
O.v // EvaExp // Repl acel ndices [#, {u->2, v>2}] &// Calcul ate

guv
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Example. Riemann Tensor

Now we can define important Tensors like the Riemann Tensor
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Define[{R, {po, -u, -0, -v}, D1[T%5,, o] -D1[Th,, v] +T}, T2, -T}, T2, }]
Ri,c // EvaExp

a a d a d a
—Tap, ¢ * Tac,b + T'ac T'db — T'ab T'dc

Example. Ricci Tensor

Define[{R {po, -u, -0, -v}, Di[Th, 0] - D1l V] +T T2 - T, TH}]
Define[{R {-a, -b}, Rip}]
Rap // EvaExp

c c d c d c
Tab, ¢ = Tac,b = T'ac T'db + T'ab T'de

Example. Commutator [D,, Dy]V® = Ry, V@ + 2SI, Dy V°

Define[{R {p, -u -0, -v}, D%, o] - D1[T%, V] +T%, 2 -5, TS}]

uv?
o _ P
Ty - TS,

Define[{S, {p, -u, -v}, T}]

Define[{T, {o, -u, -V}}]
V4 RSap + 2 SYp, D2 [V, d] // EvaExp
Dy [D2[V¢, b], al - D2 [D2[V°, al, bl // EvaExp

d d c c e c e c d c d c
V,Cd Tab *V,Cd Tha — VO Tda, b + Ve Tdb, a + VO TG, TSa — VO TGa Top + VO Tgp Teg — V& Tha Teg

d d c c e c e [ e c e c
Veq Tap -~ Vg Tha - Ve Tda, b + Ve Tdb,a + VO Tgy The - V¥ Tha Tde + V¥ Ty TSa - V¥ Tga Tep

Example. Commutator [D,, Dp]V°® = Ry, VO (If T4y is symmetric with respect to u and v)

Define[{R, {po, -u, -0, -v}, D1[T,, o] -D1[TF,, v] + T}, TR, -T5, TR, }]
. rﬁv-re‘,

Deflne[{S, {p, -u, -v}, T}]

Define[{r, {p, - -v}, , {{-p -Vv}}}]

VY RS, // EvaExp

Dy [D2[VE, bl, a] -2, [D2 [V, al, b] // EvaExp // SinplifyTensor

C C e e C
-V Tda, b + v Tdb,a + V4 TGy Tea — VO TGa Tep

-V Iﬁa,b + Ve ng,a + Ve ng Tga -V Tga ng
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Example. Spherical Metric

Cl ear ["d obal ™ %" ];

Get ["C:\\Li brary\\ Mat hemati ca\\ Af ak Publ i sh\\ ATP. ni' 1;

Set System[3, X]

Define[{R {-a, -b}, Rip}]

Define[{R {po, -4, -0, -V}, D1[Tf,, 0] -D1[Tf, V] +T}, TRo-ThoTR}]
Define[{g, {-u, -v}, , ., . Diagonal Matrix[{1, X}, X§Sin[X;1°}]}]
Define[{g, {u, v}, ., , Inverse[Diagonal Matrix [{1, X3, X2 Sin[Xz]Z}]]}]

1
Define[{a, (4 -v, -x}, 59‘“ (D11Gx, X1+ D1lGa Y] - Dilu A1) }]

Define[{r, {4, -v, -x}, , , , A, // EvaExp // Tabl eTensor [#, {a, b, c}] &}]

Ryc // EvaExp // Tabl eTensor [#, {b, c}] & // FullSinplify // Matri xForm

00O
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00O




