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About

You can share this PDF with anyone you feel could benefit from it, downloaded the latest version
from: geometry

It is an unofficial and free geometry ebook created for educational purposes. All the content is
extracted from Stack Overflow Documentation, which is written by many hardworking individuals at
Stack Overflow. It is neither affiliated with Stack Overflow nor official geometry.

The content is released under Creative Commons BY-SA, and the list of contributors to each
chapter are provided in the credits section at the end of this book. Images may be copyright of
their respective owners unless otherwise specified. All trademarks and registered trademarks are
the property of their respective company owners.

Use the content presented in this book at your own risk; it is not guaranteed to be correct nor
accurate, please send your feedback and corrections to info@zzzprojects.com
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C_hapter 1: Getting started with geometry

Remarks

This section provides an overview of what geometry is, and why a developer might want to use it.

It should also mention any large subjects within geometry, and link out to the related topics. Since
the Documentation for geometry is new, you may need to create initial versions of those related
topics.

Examples

Questions to ask yourself

When investigating some geometric problem, there are a number of questions you might want to
ask yourself to narrow down the scope of the question.

* How many dimensions are you dealing with? Is it 2d, 3d, a specific number of higher
dimensions, or without respect to dimensionality?

* In case of a 2d geometry, is it planar geometry, or is it e.g. spherical geometry, as one would
encounter when dealing with geographic coordinates?

» Are you looking for exact solutions, or are numeric approximations acceptable? Actually
doing exact geometry becomes quickly difficult, so using floating-point approximations is
gquite common in practice.

» Do you need to interface with a specific kind of framework? If so, how do they describe
geometric objects. For most objects there are many possible descriptions, and although one
can usually convert between them, these conversions tend to come at a cost, so a solution
more in line with the required representations may be more useful.

Read Getting started with geometry online: https://riptutorial.com/geometry/topic/8950/getting-
started-with-geometry
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C_hapter 2. Representing Lines

Introduction

A geometric line is a straight line that extends to infinity in both directions. This distinguishes it
from the segment or the ray, which end et some point, and also from the curve or polygon, which
need not be straight.

There are different ways how a line may be presented. Each comes with its own benefits and
drawbacks.

Examples

Simple Function
One can describe a line in the plane as
y = a*x + b

so that the line is essentially controlled by two parameters a, . For a given line, the choice of
these parameters is unique. But vertical lines cannot be described like this.

Point and Direction
One can describe a line in arbitrary dimensions as
X = A + t*D
where 2 and p are both vectors of suitably many dimensions. So in 2d this would be

x = Ax + t*Dx
Ay + t*Dy

=
I

Now as t assumes any real value, this equation will produce all points along the line. The
representation is not unique, though: any point along the line may be used as starting point 2, and
any multiple of the vector o represents the same direction.

Pair of Points

Given a pair of points a and = in a vector space of arbitrary dimension, one can describe the line
between them as

X=A+ t*B -A) = (1 - £t)*A + t*B

so in 2d this would be
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x = Ax + t*(Bx - Ax) = (1 - t)*Ax + t*Bx
Ay + t*(By — Ay) (1 - t)*Ay + t*By

<
Il

As + assumes any real value, this will produce all points along the line. The representation is not

unique, as any pair of distinct points along the line will describe the same line. It is easy to switch
between full line and line segment using this representation, since restricting « to the range (o, 11
will yield a line segment instead.

Normal form / homogeneous equation
A line in the plane can be described as
a*x + b*y + ¢ =0

This uses a three-element parameter vector (a, b, c] to describe the line. Sometimes the
constant term < is moved to the right hand side of the equation instead. The representation is not
unique, since the length of that vector is arbitrary (as long as it is not zero). Such a vector is called
homogeneous.

The vector (a, o] is perpendicular to the line, hence the name “normal form”. If the length of that
vector is one, this is called the Hesse normal form which can be used to easily compute the
distance of arbitrary points to the line in question. Even that doesn't make the representation fully
unique, since one may negate all three parameters and obtain the same set of points satisfying
the equation.

The concept does generalize to higher dimensions, but then it no longer describes a line, but
instead a plane in 3d and a hyperplane in general.

Read Representing Lines online: https://riptutorial.com/geometry/topic/8952/representing-lines
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