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Euclidean geometry

The 2D geometry we are most familiar with is Euclidean geometry. This
geometry is based on a set of axioms/postulates originally established b
Euclid, which describe the behaviour of lines and points.

We can draw a unique straight line between any two points.
We can extend any straight line inde nitely.

We can draw a circle with a speci ed centre and radius.

All right angles are equal to one another.

Parallel postulate: Given a linel and a pointP outside of the line,
there is aunigue line that passes througl? and is parallel toL.
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Non-Euclidean geometry

Parallel postulate: Given a lineL and a pointP outside of the line, there
is aunique line that passes througl® and is parallel toL.

Altering the fth axiom is one way to describe di erenhon-Euclidean
geometries, such as spherical and hyperbolic geometry.

Kevin Santos (University of Toronto) Modelling Math with Knitting and Crochet 16 March 2022 5/50



Hyperbolic geometry

In hyperbolic geometry, given a straight lineand a pointP not on L,

there areat least two distinct straight lines through P that are parallel
to L.
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Geometric models

Mathematicians have modelled the hyperbolic plane by giving alternate
descriptions of straight lines.

Source: [1]

The Beltrami model
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Surface curvature

We tend to think of Euclidean geometry as \living in" a at plane. What
kind of surface would have hyperbolic geometry?

Riemann proved that surfaces wittonstant negative curvature have
local hyperbolic geometry [1].
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Surface curvature

Surfaces withpositive curvature curve \outward" and eventually \close
up"; surfaces withzero curvature are at. One way of visualizing
curvature is to imagine tiling a surface with hexagons.

Source: [1]
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Surface curvature

Surfaces with negative curvature appear to fold into themselves and fori
ru es, and they can be extended inde nitely.

Source: [1]
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Negative curvature in nature

Source: [1]
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