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What is LaTeX and How is it
Used in Mathematical
Research?

The Pathological Function Controversy
Historical Background
In the early 19th century, mathematicians believed that a continuous function is always
differentiable except at certain points on the domain. However, further exploration between
the relationship of continuity and differentiability led to the discovery of continuous nowhere
differentiable functions.

LaTeX (pronounced Lah-tek) is a document preparation system
and document markup language that is widely used for the
communication and publication of scientific documents, especially
in the field of mathematics.

Karl Weierstrass was famously attributed to this field due to being the first to publicly present
a Continuous Nowhere Differentiable Function before the Berlin Academy in 1872. His
pathological function shocked the mathematical community and sparked debates around the
question of whether continuous functions were necessarily nowhere differentiable.
Mathematicians were not comfortable with this new concept. They believed that continuous
functions have derivatives everywhere, except at some particular points on a domain.

Evolution of Continuous
Nowhere Differentiable
Functions
There are many more continuous nowhere functions than there are
continuous and differentiable ones.

The First Continuous
Nowhere Differentiable Function

Even Weierstrass’s colleague and close friend, Kronecker, began openly opposing his work in
pathological functions. In the 1880s the controversy between Kronecker and Weierstrass had
become so great that there was a break in their friendship and he had even considered
retiring and moving to Switzerland a few weeks before his 70th birthday.

Karl Weierstrass 1815-1897
Sample LaTeX Document
It follows the design philosophy of separating presentation from
content, so that authors of research papers can focus on the
content of what they are writing without attending simultaneously
to its visual appearance. The final output file is then generated in a
visually appealing format for others to easily read and understand.

The Weierstrass Function

The depicted function is an example of a pathological real-valued
function on the real line. The function has the property that it is
continuous everywhere but differentiable nowhere. It is named
after its discoverer Karl Weierstrass.

“For half a century we have seen
a mass of bizarre functions which
appear to be forced to resemble
as little as possible honest
functions which serve some
purpose. In former times when
one invented a new function, it
was for a practical purpose; today
one invents them purposely to
show up defects in the reasoning
of our fathers and one will
deduce from them only that.“
– Poincare opposing the
Weierstrass function, 1899

Mathematical Definition
The term “Pathological" is used in mathematics to refer to an example specifically formed to
violate certain almost universally valid properties. Pathological problems often provide
interesting examples of counterintuitive behavior, as well as serving as an excellent illustration
of why very detailed conditions of applicability are required in order for many mathematical
statements to be universally true.

Contribution to the Field of Real Analysis

Whereas before, functions had come from or been forced upon mathematicians by applications, they were now actively seeking out
unpleasant functions in this structure of pure mathematics in order to define the limits of concepts such as function, continuity,
differentiability, integrability, etc. Due to this new approach, real analysis not only gained rigor and generality but also became
estranged from intuition and physical applications. It also led to new areas of research and applications like, fractals, chaos and
wavelets .

Continuity and Differentiability
Differentiability and Continuity are
Two Fundamental Concepts of Differential Calculus
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The Earliest Known Fractal

Graphs showing the first four steps in the construction
of Koch's “snowflake” curve (1904).
Niels Fabian Helge von Koch (1870-1924) created the earliest known
fractal known as the Koch Snowflake Curve. The snowflake begins
with an equilateral triangle. The steps in creating the Koch Curve are
then repeatedly applied to each side of the equilateral triangle which
creates a snowflake shape. The snowflake consists of sharp corners
with no smooth lines connecting them. Therefore, the perimeter of the
snowflake is not differentiable since there are no smooth lines. This is
due to the fact that it is an infinite series which is continuous because
there are no breaks in the perimeter.
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A continuous function is a function for which small changes in the input
result in small changes in the output.
A differentiable function is a function whose derivative exists at each
point in its domain. As a result, the graph of a differentiable function must
have a non-vertical tangent line at each point in its domain, be relatively
smooth, and cannot contain any breaks, bends, or cusps.
Any differentiable function must be continuous at every point in its
domain however, the converse isn’t true. A continuous function doesn’t
have to be differentiable. Weierstrass discovered that a function could be
continuous everywhere and differentiable nowhere.
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Even though Weierstrass is famously attributed as being the first one
to create a continuous nowhere differentiable function, he wasn't the
first mathematician to create such a function. Bernard Bolzano (17811848) constructed a continuous nowhere differentiable function in
1830, but it wasn’t published until 1922.

Weierstrass’s contributions to the foundations of real analysis emphasized that the goal was
the analytic or arithmetic representation of a function. His pathological function, despite
being as controversial as it was, began a new trend in rigorous mathematical analysis.

This presentation showcases research on the history of the pathological continuous nowhere differentiable function, its
characteristics in relation to continuity and differentiability, its contribution to the field of real analysis and utilizing LaTeX as a
mathematical tool to generate a research report.

Plot of Weierstrass Function over the interval [−2, 2]. Like
fractals, the function exhibits self-similarity: every zoom
(red circle) is similar to the global plot.

Bolzano Function (1830)

Absolute Value Function: f(x) = |x|
If we look at the point in the graph where x = 0, we see
that there is a sharp point in the graph. Although the
function is continuous, it is not differentiable at x = 0.

• Abbott, S.: Understanding Analysis, Mathematics, Springer
Publishing Company, Middlebury, VT, U.S.A., 1st edition, (2001),
152-154.
• Jahnke,H.: A History of Analysis, American Mathematical Society,
London Mathematical Society, (2003), 187-188.
• Thim, J.: Continuous Nowhere Differentiable Functions, Lulea
University of Technology, Masters Thesis, 2003:320 CIV
• Weisstein, E.: Pathological, Retrieved April 21, 2014 from:
MathWorld - A Wolfram Web Resource
• Weierstrass Function: Digital Image, Retrieved April 19, 2014 from:
Wikimedia Foundation

