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Introduction

1.1 FOSSEE Animations and the Summer Fellow-
ship

FOSSEE (Free/Libre and Open Source Software for Education) is a project that pro-
motes the use of FLOSS tools to improve the quality of education in our country.
The aim of the project is to reduce dependency on proprietary software in educa-
tional institutions and encourage the use of FLOSS tools through various activities
to ensure commercial software is replaced by equivalent FLOSS tools. The project
also involves the development of new FLOSS tools and upgrade existing tools to
meet requirements in academia and research. The FOSSEE project is part of the
National Mission on Education through Information and Communication Technol-
ogy (ICT), Ministry of Human Resource Development (MHRD), Government of
India.

FOSSEE Animations is a part of the FOSSEE project at the Indian Institute of
Technology, Bombay. The FOSSEE Animations Project works on making seemingly
complex Science and Mathematics topics feel natural and approachable through an-
imations. The animations are created by students across the country. The students
work with a mentor in creating a library of visualizations.

The task that was assigned to me in the fellowship was to create animations for the
5 topics in Linear Algebra and to make brief lecture notes for the same. The entire
fellowship was focused on Mathematical topics with a distinct visual perspective.
The animations created would help the students to understand and visualize the
complex topics and make them more approachable. The animations were created
using Manim, a Python animation library for creating explanatory mathematical
videos.



1.2 Topic for the Fellowship - Linear Algebra

Linear Algebra is a branch of mathematics that concerns about the vector spaces
and linear mappings between them. It further includes the study of matrix calculus,
transformations etc. Linear Algebra is considered to be very powerful and it can
solve the most important real life problems in an efficient way.

It is central to almost all the mathematical areas like geometry and functional anal-
ysis.

The 5 sub-topics assigned to me in Linear Algebra were Vector Spaces, Basis of a
Vector Space and its Subspace, Polynomial and Functional Spaces, Inner Product
Spaces and Dual of a space.

GitHub:
https://github.com/FOSSEE/FSF-mathematics-python-code-archive/tree/master/
FSF-2020/1inear-algebra/vector-spaces/Vector-Spaces


https://github.com/FOSSEE/FSF-mathematics-python-code-archive/tree/master/FSF-2020/linear-algebra/vector-spaces/Vector-Spaces
https://github.com/FOSSEE/FSF-mathematics-python-code-archive/tree/master/FSF-2020/linear-algebra/vector-spaces/Vector-Spaces

Vector Spaces

Link for the subtopic: https://math.animations.fossee.in/contents/
linear-algebra/vector-spaces/vector-spaces

The topics covered in these lecture notes explains what exactly are vectors and
vector spaces, how any vector space is populated by a similar kind of vectors, the
two important linear algebraic operations: Vector Addition and Scalar Multiplica-
tion, Euclidean space as a vector space and some examples and non examples of
vector spaces. It also includes how two or more vectors can be written as the linear
combinations of each other.

There are 3 animations included in these notes.

The following screenshot of an animation depicts the vector addition and scalar
multiplication in R? plane.

Addition of vectors

+2b = (2, 2)
¢=a+ 2= (3,4)

GitHub:
https://github.com/FOSSEE/FSF-mathematics-python-code-archive/tree/master/
FSF-2020/1inear-algebra/vector-spaces/Vector-Spaces/Vector-Spaces


https://math.animations.fossee.in/contents/linear-algebra/vector-spaces/vector-spaces
https://math.animations.fossee.in/contents/linear-algebra/vector-spaces/vector-spaces
https://github.com/FOSSEE/FSF-mathematics-python-code-archive/tree/master/FSF-2020/linear-algebra/vector-spaces/Vector-Spaces/Vector-Spaces
https://github.com/FOSSEE/FSF-mathematics-python-code-archive/tree/master/FSF-2020/linear-algebra/vector-spaces/Vector-Spaces/Vector-Spaces

Basis of a Vector Space and its Subspace

Link for the subtopic: https://math.animations.fossee.in/contents/
linear-algebra/vector-spaces/basis-of-a-vector-space-and-its-subspace

The topics covered in these lecture notes explains the concept of subspaces and
how they are analogous to the concept of subsets, how the intersection of the two
subspace is also a subspace, some examples and non-examples of subspaces. The
other topics included are the concept of basis, how a basis is a minimum and enough
information required to generate the whole vector space and the concept of linear
dependence and independence.

There are 6 animations included in these notes.

The following screenshot of an animation depicts that the intersection of two sub-
spaces is a subspace.

The line representing the intersection of the two planes is a Subspace.



https://math.animations.fossee.in/contents/linear-algebra/vector-spaces/basis-of-a-vector-space-and-its-subspace
https://math.animations.fossee.in/contents/linear-algebra/vector-spaces/basis-of-a-vector-space-and-its-subspace

The Basis vectors generating the entire 2-dimensional vector space.
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GitHub:
https://github.com/FOSSEE/FSF-mathematics-python-code-archive/tree/master/
FSF-2020/1inear-algebra/vector-spaces/Vector-Spaces/Subspaces


https://github.com/FOSSEE/FSF-mathematics-python-code-archive/tree/master/FSF-2020/linear-algebra/vector-spaces/Vector-Spaces/Subspaces
https://github.com/FOSSEE/FSF-mathematics-python-code-archive/tree/master/FSF-2020/linear-algebra/vector-spaces/Vector-Spaces/Subspaces

Polynomial and Function Spaces

Link for the subtopic: https://math.animations.fossee.in/contents/
linear-algebra/vector-spaces/polynomial-and-functional-vector-spaces

The topics covered in these lecture notes explain how functions can also be treated
as vectors, why a set of all the integrable functions over a real field forms a vector
space, addition and scalar multiplication of functions, some examples of function
spaces which includes a set of polynomials with real coefficients also forming a vec-
tor space and the concept of finite and infinite dimensional vector spaces.

There are 3 animations included in these notes.

The following screenshot of an animation depicts the addition of functions in R?
plane.

GitHub:
https://github.com/FOSSEE/FSF-mathematics-python-code-archive/tree/master/
FSF-2020/1inear-algebra/vector-spaces/Vector-Spaces/Function-and-Polynomial-Spaces


https://math.animations.fossee.in/contents/linear-algebra/vector-spaces/polynomial-and-functional-vector-spaces
https://math.animations.fossee.in/contents/linear-algebra/vector-spaces/polynomial-and-functional-vector-spaces
https://github.com/FOSSEE/FSF-mathematics-python-code-archive/tree/master/FSF-2020/linear-algebra/vector-spaces/Vector-Spaces/Function-and-Polynomial-Spaces
https://github.com/FOSSEE/FSF-mathematics-python-code-archive/tree/master/FSF-2020/linear-algebra/vector-spaces/Vector-Spaces/Function-and-Polynomial-Spaces

Inner Product Spaces

Link for the subtopic: https://math.animations.fossee.in/contents/
linear-algebra/vector-spaces/inner-product-spaces

The topics covered in these lecture notes are dot product and its applications, the
inner product as a generalization of the dot product, the concept of inner product
spaces and some of its examples, the norm of a vector, and relationship between the
topological, metric, normed and inner product spaces.

There are 7 animations included in these notes.

The following screenshot of an animation depicts example of an Inner Product Space.

< f(z)+g(x),h(z) > = vlﬁj’(.r‘
< f(x),h(zx) >

< g(z),h(z) > = _ﬂ?[,{/(,rlhub dr = 2.8

_(f(z)+ g(x)) - h(z)

f(@) - h(x)

GitHub:
https://github.com/FOSSEE/FSF-mathematics-python-code-archive/tree/master/
FSF-2020/1inear-algebra/vector-spaces/Vector-Spaces/Inner-Product_Spaces


https://math.animations.fossee.in/contents/linear-algebra/vector-spaces/inner-product-spaces
https://math.animations.fossee.in/contents/linear-algebra/vector-spaces/inner-product-spaces
https://github.com/FOSSEE/FSF-mathematics-python-code-archive/tree/master/FSF-2020/linear-algebra/vector-spaces/Vector-Spaces/Inner-Product_Spaces
https://github.com/FOSSEE/FSF-mathematics-python-code-archive/tree/master/FSF-2020/linear-algebra/vector-spaces/Vector-Spaces/Inner-Product_Spaces

Dual of a Vector Space

Link for the subtopic: https://math.animations.fossee.in/contents/
linear-algebra/vector-spaces/dual-of-a-vector-space

The topics covered in these lecture notes are the concept of duality, how a cube
and an octahedron are duals of each other, duality in set theory, how the idea of
duality arises in vector spaces and the dual of any vector space is also a vector space,
linear functionals and the dual basis of a vector space.

There are 5 animations included in these notes.

The following screenshot of an animation depicts that a cube and an octahedron are
the duals of each other.

GitHub:
https://github.com/FOSSEE/FSF-mathematics-python-code-archive/tree/master/
FSF-2020/1inear-algebra/vector-spaces/Vector-Spaces/Dual-Spaces
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https://math.animations.fossee.in/contents/linear-algebra/vector-spaces/dual-of-a-vector-space
https://math.animations.fossee.in/contents/linear-algebra/vector-spaces/dual-of-a-vector-space
https://github.com/FOSSEE/FSF-mathematics-python-code-archive/tree/master/FSF-2020/linear-algebra/vector-spaces/Vector-Spaces/Dual-Spaces
https://github.com/FOSSEE/FSF-mathematics-python-code-archive/tree/master/FSF-2020/linear-algebra/vector-spaces/Vector-Spaces/Dual-Spaces

Conclusion

My experience of working with FOSSEE was very educative. Being an undergradu-
ate student of Mathematics, I had theoretical knowledge about many topics but yet
while making notes for other people I got the opportunity to learn deeper about the
topics and get an idea of their applications as well. Also, the fellowship helped me a
lot to visualize different mathematical concepts making them easier to understand
and hard to forget. Through this fellowship, I met many individuals with great
minds who helped me overcome all my challenges throughout. Having a balance
between work and personal life is also one of the skills that I have acquired during
this fellowship. All in all the experience was very productive, both in an academic
as well as personal level.
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