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Motivation

* We studied topological and
geometric properties of confined
polygons.
* Increase confinement pressure by
* increasing length of polygons
* decreasing the radius of the
confining sphere
Could not make radius smaller than 1, due to the properties
of the generation algorithm.
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Approach

Note: If the confinement radius is
close to V2, then the polygon edges
would use up the entire diameter at
each step
* Uniformly pick points on the
top and bottom of a cylinder
of height 1 and radius 1.
* Connect the points and then
connect the last point to the
first point.
* Reduce the radius of the
cylinder (or stretch the
height).




Approach

Note: L

1) Stretching may change the
values of geometric |
quantities. |

2) Stretching does NOT
change the knot
distribution of the
generated polygons.
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Approach

Generated polygons of
lengths 6, 8, 10, ...., 28, 30.
For each length 1 million
polygons were generated

Identify the knot type of
each polygon

Compute the ACN, writhe,
curvature, and torsion for
each polygon for various
stretch factors between 1
and 100.
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Overall distribution

Distribution of knot groups
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Total number of knots

all knots
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Knot complexity distributions —
prime knots

knots in extreme confinement knots in extreme confinement

— 3o — 4o — 5o — Beor — 4o — Bo — Boa — fo

—fcr — B8cr — Y9¢cr — 10cr — 8cr — 9cr — 10¢cr

BIRS - March 2019




Unknown primes -

— 17 correct labels:
— 18 cr11 to cr 16: dashed

o ;z cr17 to cr 26: solid

— 21
—_— 22
— 23
— 24
— 25
— 26

17
18
19
20
— 21
— 22
— 23

= !

20 cofrect labels: cr 17 to cr 46

BIRS - March 2019




Alternating and non-alternating

distribution

alternating prime in extreme confinement
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Knot type distributions —
composite knots
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Knot type distributions —
composite knots
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Extension of earlier results

Confinement pressures is increased with increased length and
decreased radius of confinement

« Frequency of certain knots
« Relative frequencies — of knot types with same crossing number

« Relative percentage of alt, non-alt, and composite knots with same
crossing number

e Mean total curvature and Mean ACN
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Extension of prior results — Frequency of knots

knots in extreme confinement
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Extension of prior results — Frequency of knots

knots in extreme confinement
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Extension of prior results — Frequency of knots
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Extension of prior results — Frequency of knots

cr=3
artist’s rendition
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Extension of prior results — Frequency of knots

J=Cr kKnots for various lengths
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Extension of prior results — Frequency of knots
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Relative frequencies of knot types with same
crossing number
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Relative frequencies of knot types with same
crossing number
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Relative frequencies of knot types with same
crossing number

8 crossing composites; R = 3.0 & crossing non-alternating; R = 3.0
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Relative frequencies of knot types with same
crossing number

The frequencies
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Error bars are
shows for all
data points
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Relative frequencies of knot types with same crossing
number
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Relative percentage of alternating, non-alternating and
composite knots with same crossing number

The frequencies
foragiven
crossing number
and given radius
add up to 1 (over
the three graphs).




Geometric measure — curvature

Mean Total Curvature
total curvature

Unconfined: 7T n/2

(Diao-Ernst-Rawdon-Z 2018 a)

BIRS - March 2019




Geometric measure — ACN

Mean ACN

(Diao-Ernst-Rawdon-Z 2018 b)
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Take home...

» The described approach to ‘extreme’ confinement seems to be a
valid extension of our previous investigation for decreasing the
radius of confinement below 1

« <1and > 1/2, but unclear where exactly or whether it is equivalent
to one fixed radius for the spherical confinement.
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