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Abstract
ATA is a tensor calculus package made for general purpose, easy to use with good looking formula display. This package 
was built for computing large tensor equations with the least amount of time. This package is unique in the sence that it 

allows you 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 calculus is 

required.

Clear@"Global`*"D;
Get@"C:\\Library\\Mathematica\\Afak Publish\\ATA.m"D;

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

SetSystem@3 , X D

Tutorial

� Evaluating Tensor

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

Aa �� EvaExp

Aa

� ExpandIndex

Use the ExpandIndex Head to sum over repeated indices.



Aa A
a �� EvaExp �� ExpandIndex

A1 A1 + A2 A2 + A3 A3

� ContractIndex

Use the ContractIndex Head to Contract repeated indices.

Aa A
a �� EvaExp �� ExpandIndex

Aa A
a �� EvaExp �� ExpandIndex �� ContractIndex

A1 A1 + A2 A2 + A3 A3

Aa Aa

� Define

Use the Define Head to Define your tensor .
Define[{Tensor Name,Tensor Indices,Tensor Definition,Symmetric Indices,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. Define[{∆, {a,-b}}], defines ∆b

a

e.g.  Define[{∆,  {a,-b},  gac gcb,{{a,-b}}, ,{{1,0,0},{0,1,0},{0,0,1}}}], defines  ∆b
a  =   gac gcb  and  ∆b

a  is  symmetric with

respect to the permuation a and b.

Define@8W, 8a, -b<, gac gcb<D
Wb
a �� EvaExp

gac gcb

� SimplifyTensor

SimplifyTensor Head uses elements four and five of Define[] to simplify equations
e.g Show that Tab + Tba=0 , where Tab is antisymmetric

Define@8T, 8-a, -b<, , , 88-a, -b<<<D
Tab + Tba �� EvaExp

Tab + Tba �� EvaExp �� SimplifyTensor

Tab + Tba

0
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� D Operators

Use D Head when writing derivatives
e.g.
V,b

a  is writing as  D1@V a, b] 

V;b
a  is writing as  D2@V a, b] 

D1@Va, bD �� EvaExp

D2@Va, bD �� EvaExp

V,b
a

V,b
a

+ Vc Gcb
a

� ReplaceIndices

Use ReplaceIndices Head to replace indices of equations

Va �� EvaExp

Va �� EvaExp �� ReplaceIndices@ð, 8a ® 1<D &

Va

V1

� Calculate

Calculate Head uses the sixth element of Define evaluate tensor

DefineA9g, 8-Μ, -Ν<, , , , DiagonalMatrixA91, X1
2, X1

2 Sin@X2D2=E=E
gΜΝ �� EvaExp

gΜΝ �� EvaExp �� ReplaceIndices@ð, 8Μ ® 2, Ν ® 2<D &

gΜΝ �� EvaExp �� ReplaceIndices@ð, 8Μ ® 2, Ν ® 2<D & �� Calculate

gΜΝ

g22

X1
2

Example. Riemann Tensor

Now we can define important Tensors like the Riemann Tensor
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Define@8R, 8Ρ, -Μ, -Σ, -Ν<, D1@GΜΝ
Ρ , ΣD - D1@GΜΣ

Ρ , ΝD + GΜΝ
Κ GΚΣ

Ρ - GΜΣ
Κ GΚΝ

Ρ <D
Rabc
a �� EvaExp

-Gab,c
a

+ Gac,b
a

+ Gac
d

Gdb
a

- Gab
d

Gdc
a

Example. Ricci Tensor

Define@8R, 8Ρ, -Μ, -Σ, -Ν<, D1@GΜΝ
Ρ , ΣD - D1@GΜΣ

Ρ , ΝD + GΜΝ
Κ GΚΣ

Ρ - GΜΣ
Κ GΚΝ

Ρ <D
DefineA9R, 8-a, -b<, Racb

c =E
Rab �� EvaExp

Gab,c
c

- Gac,b
c

- Gac
d

Gdb
c

+ Gab
d

Gdc
c

Example. Commutator @Da, DbD V c = Rdbc
a Vd + 2 Sab

d Dd Vc

Define@8R, 8Ρ, -Μ, -Σ, -Ν<, D1@GΜΝ
Ρ , ΣD - D1@GΜΣ

Ρ , ΝD + GΜΝ
Κ GΚΣ

Ρ - GΜΣ
Κ GΚΝ

Ρ <D

DefineB:S, 8Ρ, -Μ, -Ν<,
GΜΝ

Ρ - GΝΜ
Ρ

2
>F

Define@8G, 8Ρ, -Μ, -Ν<<D
Vd Rdab

c
+ 2 Sab

d
D2@Vc, dD �� EvaExp

D2@D2@Vc, bD, aD - D2@D2@Vc, aD, bD �� EvaExp

V,d
c

Gab
d

- V,d
c

Gba
d

- Vd Gda,b
c

+ Vd Gdb,a
c

+ Vd Gdb
e

Gea
c

- Vd Gda
e

Geb
c

+ Ve Gab
d

Ged
c

- Ve Gba
d

Ged
c

V,d
c

Gab
d

- V,d
c

Gba
d

- Vd Gda,b
c

+ Vd Gdb,a
c

+ Vd Gab
e

Gde
c

- Vd Gba
e

Gde
c

+ Vd Gdb
e

Gea
c

- Vd Gda
e

Geb
c

Example. Commutator @Da, DbD V c = Rdbc
a Vd (If GΜΝ

Ρ  is symmetric with respect to Μ and Ν)

Define@8R, 8Ρ, -Μ, -Σ, -Ν<, D1@GΜΝ
Ρ , ΣD - D1@GΜΣ

Ρ , ΝD + GΜΝ
Κ GΚΣ

Ρ - GΜΣ
Κ GΚΝ

Ρ <D

DefineB:S, 8Ρ, -Μ, -Ν<,
GΜΝ

Ρ - GΝΜ
Ρ

2
>F

Define@8G, 8Ρ, -Μ, -Ν<, , 88-Μ, -Ν<<<D
Vd Rdab

c �� EvaExp

D2@D2@Vc, bD, aD - D2@D2@Vc, aD, bD �� EvaExp �� SimplifyTensor

-Vd Gda,b
c

+ Vd Gdb,a
c

+ Vd Gdb
e

Gea
c

- Vd Gda
e

Geb
c

-Vd Gda,b
c

+ Vd Gdb,a
c

+ Vd Gdb
e

Gea
c

- Vd Gda
e

Geb
c
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Example. Spherical Metric 

Clear@"Global`*"D;
Get@"C:\\Library\\Mathematica\\Afak Publish\\ATP.m"D;
SetSystem@3 , X D
DefineA9R, 8-a, -b<, Racb

c =E
Define@8R, 8Ρ, -Μ, -Σ, -Ν<, D1@GΜΝ

Ρ , ΣD - D1@GΜΣ
Ρ , ΝD + GΜΝ

Κ GΚΣ
Ρ - GΜΣ

Κ GΚΝ
Ρ <D

DefineA9g, 8-Μ, -Ν<, , , , DiagonalMatrixA91, X1
2, X1

2 Sin@X2D2=E=E
DefineA9g, 8Μ, Ν<, , , , InverseADiagonalMatrixA91, X1

2, X1
2 Sin@X2D2=EE=E

DefineB:D, 8Μ, -Ν, -Κ<,
1

2
gΜΛ HD1@gΛΝ, ΚD + D1@gΛΚ, ΝD - D1@gΝΚ, ΛDL>F

DefineA9G, 8Μ, -Ν, -Κ<, , , , Dbc
a �� EvaExp �� TableTensor@ð, 8a, b, c<D &=E

Rbc �� EvaExp �� TableTensor@ð, 8b, c<D & �� FullSimplify �� MatrixForm

0 0 0

0 0 0

0 0 0
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