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Knot theory is an exciting field of mathematical research that has many
applications such as to molecular structures in chemistry and DNA tan-
gles in biology. We address some important properties of knots and
links and what it means for a link to be amphicheiral. In particular, we
address the question suggested by Kadokami and Kobatake: Is there a
prime, component-preserving amphicheiral link of odd crossing num-
ber less than 21?

A knot is simply defined as a piece of string whose ends have been tan-
gled and glued together. More formally, a knot is a circular loop in R3.
A link is one or more disjoint loops in R3. Each loop of a link is called
a component. The crossing number is the least number of crossings of
any projection of a link. Above is an example of a two-component link
with a crossing number of 2. A link is prime if it cannot be expressed
as the connected sum of two non-trivial links. Below is how we find the
connected sum of two links [2].

Amphicheiral Links
A link’s mirror image can be found by flipping all of its crossings. A

link is component-preserving amphicheiral (CPA) if it can be mapped
onto its mirror image by a continuous deformation that maps each com-
ponent to itself. Below is an example of a CPA link (left) where a
rotation of 90° degrees (center) takes the red component to its mirror
image. Since the blue component is looped through the red component
we can simply flop it over to get the link’s mirror image (right).

The following theorems are of interest for CPA links.

Stoimenow’s Theorem [6]: For each odd integer n ≥ 15 there is an
amphicheiral knot of crossing number n.

Stoimenow’s theorem is proved using the 15-crossing knot discovered
in [3] to create Stoimenow’s knots. Stoimenow’s result was then applied

to links by Kadokami and Kobatake.

Kadokami and Kobatake’s Theorem [4]: For each odd integer n ≥ 21

there is a prime CPA link with minimum crossing number n.

Kadokami and Kobatake apply Stoimenow’s result to create prime, 2-
component CPA links by linking the unknot around Stoimenow’s knot
as seen above.

Current Research
Kadokami and Kobatake also prove there are no prime CPA links with

odd crossing number less than 13, which leaves us with this question:
Is there a prime CPA link with crossing number 13, 15, 17 or 19?
To address this question, we use the mathematical software SnapPy [1]

to draw amphicheiral links using different approaches.
The first approach, suggested by Dr. Erica Flapan, uses rigidly am-

phicheiral presentations of links. A link is rigidly amphicheiral if a
rotation maps it to its mirror image.
We add a component of the unknot to an am-

phicheiral link similar to how Kadokami and Ko-
batake constucted their links using Stoimenow’s
knots; however, the benefit of using rigidly am-
phicheiral representations is that we can construct a
link while preserving the rigid motion that maps the
first component onto its mirror image. To the right is
the figure-8 knot (above) in its rigidly amphicheiral
presentation (below) [5]. The previous example to
the left of a CPA link is an example of a link drawn with this approach.
In the table below we list amphicheiral knots K using this approach

with the symmetry group and crossing number of the resulting link
given by SnapPy.

K Link symmetry group Link crossing #
41 D4 10
63 D4 16
83 D4 14
89 D4 22
812 D4 18
818 D8 16
1017 D4 28
1033 D4 20
1037 D4 20
1043 D4 24
1045 D4 24
1099 Z/2 + Z/2 18

K Link symmetry group Link crossing #
1099 Z/2 18
10123 D2 18
10123 D10 18
12427 Z/2 18
12471 D4 24
12477 D4 26
121019 D6 22
121127 Z/4 24
121994 D6 22
121994 Z/2 + Z/2 18
121202 Z/4 24
121288 D4 18

Another approach we attempted was using connected sums
We start by connecting a knot to itself to ensure it
is amphicheiral; then we add an unknot to create
a prime, CPA link. An example of the approach
using the figure-8 knot can be seen to the right as
well as the table of knots drawn with this approach below.

K Link symmetry group Link crossing #
31 + 31 Z/2 + Z/2 10
41 + 41 Z/2 + Z/2 12
51 + 51 Z/2 + Z/2 14
52 + 52 Z/2 + Z/2 14
61 + 61 Z/2 + Z/2 16
62 + 62 Z/2 + Z/2 16
63 + 63 Z/2 + Z/2 16
71 + 71 Z/2 + Z/2 18
72 + 72 Z/2 + Z/2 18
73 + 73 Z/2 + Z/2 18
74 + 74 Z/2 + Z/2 18
75 + 75 Z/2 + Z/2 18
76 + 76 Z/2 18
77 + 77 Z/2 + Z/2 18
81 + 81 Z/2 + Z/2 20
82 + 82 Z/2 + Z/2 20
83 + 83 Z/2 + Z/2 20
84 + 84 Z/2 20

K Link symmetry group Link crossing #
85 + 85 Z/2 + Z/2 20
86 + 86 Z/2 + Z/2 20
87 + 86 Z/2 + Z/2 20
88 + 88 Z/2 20
89 + 88 Z/2 + Z/2 20
810 + 810 Z/2 20
811 + 811 Z/2 20
812 + 812 Z/2 + Z/2 20
813 + 813 Z/2 + Z/2 20
814 + 814 Z/2 20
815 + 815 Z/2 + Z/2 20
816 + 816 Z/2 20
817 + 817 Z/2 20
818 + 818 Z/2 20
819 + 819 Z/2 20
820 + 820 Z/2 20
821 + 821 Z/2 20

Future Research
As the tables show, all links constructed with both approaches have

an even crossing number, which potentially indicates that the only way
such approaches would be successful is if the starting knot has an odd
crossing number such as the 15-crossing amphicheiral knot. However,
other approaches suggested by Dr. Flapan such as using torus knots,
pretzel knots or strictly amphicheiral knots could prove successful.
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