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1. Introduction to Tensors

In mathematical physics, a tensor is a
physical or mathematical quantity whose
components transform according to definite
laws under a change of coordinates. Scalars,
vectors, and matrices are special cases of
tensors.

Tensor analysis provides a
coordinate-independent formulation of
physical laws and is extensively used In
classical mechanics, electromagnetism, fluid
mechanics, and relativity.



2. Contravariant Tensor
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Definition

A contravariant tensor is a tensor whose
components transform inversely with
respect to a change of coordinates.



Notation

Contravariant components are represented
oy upper indices:

Az’
Transformation Law
If the coordinate system changes from T’ to

2", then the contravariant components
transform as:

1 0z Aj
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Examples

e Position vector
* Displacement vector

* \elocity vector



Physical Significance

Contravariant components follow the
coordinate directions and change inversely
when the scale of coordinates is altered.



3. Covariant Tensor
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A covariant tensor is a tensor whose
components transform directly with the
change of coordinates.



Notation

Covariant components are written with lower
Indices:

A,

Transformation Law

/ Ox’
A' — Qf/if

4]

Examples

* Gradient of a scalar field
e Differential displacement

e Covariant form of force



Physical Significance

Covariant components are associated with
surfaces of constant coordinates and often
arise from gradients of scalar quantities.



4. Mixed
(Contravariant—-Covariant)

Tensor
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Definition

A tensor having both contravariant and
covariant indices is called a mixed tensor.



Notation

T
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Transformation Law
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Examples
e Stress tensor

e Moment of inertia tensor

* Energy—-momentum tensor



5. Raising and Lowering of
Indices

The metric tensor is used to convert
contravariant components into covariant
components and vice versa.

Lowering an Index
A; = giiz
Raising an Index

Az’ _ gz'jA?_



6. Comparison Between
Contravariant and Covariant
Tensors

Feature Contravariant Tensor
Index position Upper index (")
Transformation rule Inverse

Example Velocity

Relation to metric Fundamental



7. Conclusion

Contravariant, covariant, and mixed tensors
form the foundation of tensor analysis. Their
transformation laws ensure that physical
equations remain invariant under coordinate
transformations. These concepts are
essential for understanding advanced topics
in B.Sc. Mathematical Physics.



