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Chapter 1

Introduction

1.1 FOSSEE Animations and the Summer Fellow-
ship

The Free/Libre and Open Source Software for Education (FOSSEE) project pro-
motes the use of FLOSS tools in academia and research, and is also part of the Na-
tional Mission on Education through Information and Communication Technology
(ICT), Ministry of Human Resource Development (MHRD), Government of India.
FOSSEE Animations is a library of community-curated animations on Science and
Math using open source tools.

Work assigned: Create lecture notes and animations for various topics in Ad-
vanced Higher Mathematics using open source tools for ease in visually understand-
ing various concepts.

Visualizing and simplifying complex topics to make them easily understandable
is an appreciable contribution not only to the end-user in the Science and Math
community, but to the writer as well.

Tools used for the animations include: Manim, MatplotLib, Python, LaTeX.

1.2 Topic for the Fellowship - Geometry of Planes
and Curves

Multivariable calculus requires a geometrical understanding and interpretation of
various concepts, from basics, such as the equations of planes and lines, to slightly
advanced topics such as curvature and torsion.

A personal opinion on this topic: the stronger and clearer one’s fundamentals
are, the higher their reach in advancing in its depth can be. To be able to visualize
various concepts which we see in everyday life, but from a mathematical perspective:
is a luxury not everyone is blessed with.

GitHub: Link


https://github.com/FOSSEE/FSF-mathematics-python-code-archive/tree/master/FSF-2020/calculus-of-several-variables/geometry-of-planes-and-curves

Chapter 2

Space Curves - an Introduction to
Coordinates in 3D

Lecture Notes: Link GitHub: Link

Through the course of these notes, the following topics have been covered:

e An introduction to the 3D framework and right-hand convention.
e When do parametric / space curves come into play?

e Why are parametric curves used for calculating and understanding instanta-
neous aspects along a curve?

e Why should sketching be done by eliminating the parameter?
Number of animations created: 4

The screenshot of an animation depicting the representation of helix as a vector
valued function of a parameter can be seen attached below.
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https://math.animations.fossee.in/contents/calculus-of-several-variables/the-geometry-of-planes-and-curves/space-curves---an-introduction-to-coordinates-in-3d
https://github.com/FOSSEE/FSF-mathematics-python-code-archive/tree/master/FSF-2020/calculus-of-several-variables/geometry-of-planes-and-curves/space-curves

Chapter 3

Equations of Planes and Lines

Lecture Notes: Link GitHub: Link

Through the course of these notes, the following topics have been covered:

e Why both: the point and the normal are required to find the equation of a
plane?

Inter-conversion between the vector, scalar and intercept forms of a plane.

Similarly, why both: a point and the direction are required to find the equation
of a line?

Special case of constants in the scalar form of line.

Intersection of lines and planes.
Number of animations created: 5

The screenshot of an animation depicting the point-normal form for the equation of
a plane can be seen attached below.

Given a fixed point P,
a plane is obtained as:



https://math.animations.fossee.in/contents/calculus-of-several-variables/the-geometry-of-planes-and-curves/equations-of-planes-and-lines
https://github.com/FOSSEE/FSF-mathematics-python-code-archive/tree/master/FSF-2020/calculus-of-several-variables/geometry-of-planes-and-curves/equations-of-planes-and-lines

Chapter 4

(General Parametric Curves

Lecture Notes: Link GitHub: Link

Through the course of these notes, the following topics have been covered:

e Parametric equations of an origin-centred, as well as arbitrary point-centred
circle.

Derivation for the parametric equations of a cycloid.

The famous Brachistochrone and Tautochrone problems.

Parametric equations of a helix.

How is a helix bounded by the corresponding cylinder?
Number of animations created: 4

The screenshot of an animation depicting the generation of a cycloid can be seen
attached below.
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https://math.animations.fossee.in/contents/calculus-of-several-variables/the-geometry-of-planes-and-curves/general-parametric-curves
https://github.com/FOSSEE/FSF-mathematics-python-code-archive/tree/master/FSF-2020/calculus-of-several-variables/geometry-of-planes-and-curves/general-parametric-curves

Chapter 5

Velocity and Differentiability

Lecture Notes: Link GitHub: Link

Through the course of these notes, the following topics have been covered:

e Understanding and visualization of the concepts of differentiability and conti-
nuity.

e Discussing whether the velocity of a moving point can be obtained for any
space curve.

Introduction to smooth curves.

A brief on tangent lines to space curves.

Discussing the concepts of peed and acceleration, from a calculus point-of-
view.

Number of animations created: 3

The screenshot of an animation depicting the interpretation of a derivative in 3D
can be seen attached below.
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https://math.animations.fossee.in/contents/calculus-of-several-variables/the-geometry-of-planes-and-curves/velocity-and-differentiability
https://github.com/FOSSEE/FSF-mathematics-python-code-archive/tree/master/FSF-2020/calculus-of-several-variables/geometry-of-planes-and-curves/velocity-and-differentiability

Chapter 6

Arc Length and Curvature

Lecture Notes: Link GitHub: Link

Through the course of these notes, the following topics have been covered:

e Understanding and visualizing the concept of arc length.

Computing the arc length for different types of curves.

Studying curvature: from a high-level view to an in-depth understanding.

Derivation of the curvature formula and its geometrical interpretation.

Being able to intuitively understand and acknowledge the concepts pertaining
to curvature.

Number of animations created: 5

The screenshot of an animation depicting the geometrical interpretation of curvature
at a given point can be seen attached below.
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https://math.animations.fossee.in/contents/calculus-of-several-variables/the-geometry-of-planes-and-curves/arc-length-and-curvature
https://github.com/FOSSEE/FSF-mathematics-python-code-archive/tree/master/FSF-2020/calculus-of-several-variables/geometry-of-planes-and-curves/arc-length-and-curvature

Chapter 7

The TNB Frame and
Serret-Frenet Formulae

Lecture Notes: Link GitHub: Link

Through the course of these notes, the following topics have been covered:

e Understanding the basics of unit tangent, normal, and binormal vectors.

e Plane prescribed by the unit tangent and normal vectors at an arbitrary point
on a curve.

Creation and visualization of a TNB frame.

Derivation, visualization and geometrical interpretation of the Serret-Frenet
formulae.

A study on the effect of torsion and curvature on the unit normal vector.

Number of animations created: 7

The screenshot of an animation depicting the geometrical interpretation of curvature
at a given point can be seen attached below.
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https://math.animations.fossee.in/contents/calculus-of-several-variables/the-geometry-of-planes-and-curves/the-tnb-frame-and-serret--frenet-formulae
https://github.com/FOSSEE/FSF-mathematics-python-code-archive/tree/master/FSF-2020/calculus-of-several-variables/geometry-of-planes-and-curves/tnb-frame-and-serret-frenet-formulae

Chapter 8

Conclusion

Visiting a few topics studied previously and learning them with a bright new light
and understanding was extremely joyful an experience. My perspective towards
mathematics has drastically changed from “maximizing number of computations per
unit time” to “the beauty of conceptual visualization”, and I am forever grateful for
this opportunity.

One of the challenges faced was to visualize torsion, while writing the notes for
the Serret-Frenet formulae. My mentors spent a great amount of time: not just
once, but time and again, to help me grasp it clearly.

My experience with FOSSEE was crucial as well as extraordinarily rewarding in
the development of my mathematical knowledge. 1 will definitely carry the lessons
and skills learned to my next position, and hope to have the honor of working under
Prof. Prabhu Ramachandran once more in the near future.
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