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Chapter 1: Name and Purpose

Article 1: Name
[. This society 15 o be called Nihon Origami Gakkai in Japanese.

2. This society 15 o be called Japan Origami Academic Society in English,
3. The abbreviated name of this society is JOAS.

Article 2: Purpose

|. The purpose of JOAS is to promote studies of origami, diffusion of origami. and both
domestic and international assoctation ol all onigami-lovers.

[

criticism, mathematical studies. educational studies. history. bibliography, studies on the
preferential right, studies of industrial and commereial design, ind so on.

3 The diffusion of origami mentoned above includes widening appreciation of origami,

expansion of the community of origami-lovers, scouting and rearing the origami talent. and

- The studies of origami mentioned above includes designing, designing techniques.
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Two beautiful curves appear when a familiar

triangle is opened. The curve part of the unit
seems to fit with a planar surface naturally.

When they are shaped into two hyperbolas

that tie the hands face to face, it shows a
very interesting shape. One remarkable
feature of this model is that it has not been
planned mathematically and the shape came
to me only by accident.
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For easy assembly,
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STELLA CONICA
30 units

Type 2
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A full-scale figure and its solution are available on the Origam| Tanteidan web-site.
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n recent months, I've had the opportunity
I to give a set of lectures to several dis-
tinctly different audiences on the connections
between origami, mathematics, scignce, and
technology. During October and November,
I gave talks to The Institute for Figuring in
Los Angeles, California; Fermi National
Laboratory in Batavia, Illinois; Olin College
in Wellesley, Massachusetts; and a whaole se-
ries of talks at the Massachusetts Institute of
Technology, in Cambridge. Massachuseus, to
a variety of audiences,

n one respect, this talk 15 very easy; audi-
I ences seem o find the combination of
origami, this weird, esoteric art, @nd the nuts
and bolts of math, science, and engineering,
to be hoth irresistible and unimaginable. It's
my job, when | stand up and speak, to keep
the interest level alive, to explain the con-
nections, but not to put people off by a whole
bunch of technical jargon. This last is a double
challenze. because we in the origami world
have our own jargon: "mountain fold,” "val-
fev fold", "rabbit ear”, "closed sink™, and so
forth; but what makes it even tougher is that
the world of mathematics and science have
their ewn jarzons, wo: "axioms”, "lemmas”,
"manifolds”, and arcane notation filled with
strange symbols and Greek letters. And the
scientific applications jargon have their
unique terms: "finite element meshes” (in
airbag simulation), "mass budgels" (in space-
craft). The challenge to the would-be origami
lecturer 1s (o provide to a gengral aundience a
bit of the flaver of the various connections
while avoiding mind-numbing detail,




or my general audience talk, I start with
F a brief history of origami — which 18
more of a non-history, since we really don't
know much of anything definitive about the
ariging of the decorative art of folded paper,
After acknowledging its ancient origins, |
jump fairly quickly to the twentieth century,
which 1s when the art form as we usually think
of it— the regular creation of original com-
positions — came into its own.

M SET ;;aemplc —oven highly educated
physicists — still think of origami in
terms of Happing birds and cootie catchers.
In my introduction, I like to lead them down
this path a bit, then hit them with some of the
modern-day art: my cuckoo clock, an antlered
deer, 4 few insects. There's almost always a
gasp (which, of course, I love to hear): but as
important as it is fun 1o kear, it lets the aodi-
ence know there's a LOT more to origami,
and tends to put them i & more receptive
Irame of mind for the rest of the talk.

AL‘tuﬂlEy. it's a little bait-and-switch; |
show them some artwork to pigue their
interest, but then we go and do some math.
Now, I have 1o a little careful, because while
[ lave the mathematics of origami. T love math
in general, and most of the world doesn't. 1
have to be a little careful not to overdo it in
my presentation. But most of the people who
attend a talk with both of the words "origami"
and "mathematics” in the title are going to be
at least warily receptive to some mathemat-
ics, and if T start with something simple and
easily understood, T figure [ can bring them
along with me.

O ne of the simplest mathematical facts
in origami is the property of two-col-
orability: the crease pattern for any flat-folded
shape can be colored between the creases so
that no two regions of the same color touch
along a common crease: you need only two
colors o do this, You might know that four
colors suffice for any flat pattern whatsoever
(this was a famous problem proven about
thirty years ago); origami crease patlerns are
special because only two colors are needed,
and this is a sufficiently simple property that
everyone in the audience can easily under-
stand it, and even try it out themselves,

11 also run through another few simple
properties of crease directions and crease
angles, which we in orieami call the

"Kawasaki-Justin” theorem and "Mackawa-
Tustin theorem”. The Maekawa-Justin Theo-
rem says that at any interior vertex, M-V==t2,
where M is the number of mountzin folds and
V is the number of valley folds at the vertex.
This is a great problem to get some audience
participation; I distribute paper with a dot on
it, then ask people to fold the paper in hall
with each crease running through the dot
some number of times, then unfold it and
count the number of mountain and valley
folds. T then ask people to call out their num-
bers: the differcnce, of course, s always 2,

hese two theorems are two examples of

“origami mathematics.” that 1s. math-
ematical truths that apply to origami, A more
recent field that 1s closely related 1o onigami
math is "cormputational origami,” which is the
study of algorithms o solve origami prob-
lems. Computational origami uses results
from origami math, but also taps into con-
cepts from many other branches of mathemai-
ics and in particular, concepts from the field
of computational geometry. One of the young
stars of computational geometry is
MacArthur Prize-winning Professor Erik
Demaine. and T like to present one of his early
results, the solution to the "One-Cut” prob-
lem, becanse it's cool, easy to explain, and
lets me show some nice visuals,

he One-Cut problem is: given a desired

shape or a set of shapes, how do you fold
the paper so that one straight cut across the
folded paper cuts out the desired shape? The
one-cut problem is not precisely origami,
sinece it involves cutting, but it is essentially
a problem about folding, which makes it
pretty close to origami, Erik solved this prob-
lem when he was a graduate student, show-
ing how to construct all the necessary folds.
During my talk, T'll hand out a few crease pat-
terns for the audience to play with and also
demonstraie them up front. [ also usually eus-
tomize one example for the venue I'm play-
ing. Since this article is for the JOAS maga-
zine, I've done this for this article; it you fold
the figure accompanying this artiele on the
mountain and valley limes and cut through all
layers, then unfold the results; well, you'll
find something interesting, 1 think!

omputational origami then leads into
Cgt;umatrit constructions. T show Abe's
angle trisection, Messer's cube doubling, and
in recent talks. show my own uangle
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quinsection (division of an arbitrary angle
mito equal fifths), These constructions lead
Fairly naturally to the problem of construct-
g particular shapes and artistic origami, so
I give a very brief description of circlefriver
packing and how it leads to the construction
of uniaxial bases.

I this point, the non-mathemartical mem-

bers of the audience are in danger of
nodding off, so it's time to jump back into
the art and run through a suite of photographs
of modern origami artistic compositions.
Then, it's on to applications. This 1s an area
that I'm personally quite interested in —
partly because 1t's my livelihood, and partly
because it's simply interesting (o juxtapose
this esoteric art with hard science. Many
people in the ortgami world are aware of at
least some of the applications of origami o
technology: Dr. Miura's Mivura-Ori and its use
in folding solar panels being perhaps the most
famous example. But origami is finding use
In various space structures — telescopes, so-
lar sails, thermal shrouds — and structures
i the human body, such as arterial stents, and
in-airbag simulation. So origami can provide
beauty for the spirit, but it can also advance
the knowledge of our universe and save lives
as well! Pretty impressive stuff for a simple
[olded sheet of paper.

 Notes

1. The good folks at Fermilab have put
my talk to them on their web site. If you'd
like to see it, click on the following link
hitp:/f'www-ppd.fnal.gov/EPPOHice-w/
collog/collog.html

It you scroll down to my name, you can
download my slides and even watch
streaming video of the talk.

2. Many of the links between origami,

math, and science, have been explored
at a ceries of meelings in past years In
Italy (1988), Japan (1994), and Califor-
nia (2001). At OngamiUSA, we have be-
gun working on the Fourth International
Conference on Origami in Mathematics,
Science, and Education (40SME), to be
held in Fall of 2006 on the campus of tha
California Institute of Technology in Pasa-
dena, California. Anyone who would like
more information about the conferencs

. or would like to help organize it, please

email me at
robert@langorigami.com.
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Figure 1: Folding a strip into a pentagon.
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1. Introduction

One of the oldest documented instances of
matheimatical origami is the classic method of
folding a strip of paper into a flal pentagonal
knot. (See Figure 1.) Not only is it referenced in
a number of Western math journals in the early
20hth century (for example. see [2]), but it is alse
the subject of a Japancse sangaku (geometry
problems posted in Shinto temples) from the Edo
period {see [ 1], page 37 and 117),

These historic references only look at the ge-
ometry of this fold. such as proving that it is &
regular pentagon. In [2], Morley dues show tha
heptagon and larger knois can also be folded ( for
example, see Figure 2), but he ¢laims that even-
sided polvegon knots cannot be made, Is this true?

2. What knots can be folded from a strip?
Let us try to answer the question: What n-sided
knots can be folded from a single stap of paper”?
Experimenting will make you thinl that 4 hexagon
knot 15 imipossible. but how do we know for sure?
To answer this, we will need to use modular arith-
metic: Let Z, denote the whole numbers from 0w
- I, When we add two numbers in Z,, we pretend
the numbers are on the face of a clock and ler them
“wrap-around” if Ilh:: sum goes beyond n - 1, For
example, Z; = [0, 1, 2. 3.4, 5. 6, 7], and if we add
6 and 3 we should get EL but wie have o wrap around
when we go beyond 7. S0 9 really is | in 2, (ses
Figure 3). We write this as 6+3 = | (mod 8),

How does this help us? Imaging weare trying o
told an octagon knot with a strip of paper. Number
all the sides of the oetagon, in order, 0, 1. 2. ..., 7
(the numbers in Zg) and suppose the strip enters
the oetagon at side (0. Then the strip will cross the
octagon and fold over at some other side, say side
3. In order to make a regular oclagon, this fold
will hitve to be symmetric, meaning that the strip
will then cross the octagon in the same way and
come (o the side 3+3=6. Afier folding around thal
side, we have to add 3 again o see which side it
folds mext. But 6+3=9, and we only have sides 0-
7! Therefore we must do modular arilhmetic, and
the paper will come out at side 6+3=1 (mod 8).
Then we will get the sides 143=4, 4+3=7, T+3=2
tmod 8), 243=5, and 5+3=0 (mod 8). We have the
option of stopping the folded knot at either side ()
or side 5, as seen in Figure 4.
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S0 an octagon knot can be made from a single

strip. This example shows why it worked: When

we gntered the octagon at side (), we were uble
to find 4 number between 2 and 6 (we couldnt
use sides | and 7 becavse they are nex! 1o side
01 which, when added o itsell over and over
agdin, generated all the numbers in- Zs, meaning
that the knot would create all sides of the poly-
gon, Now experiment with 7. None of the num-
hers 2, 3. or 4 generate all the numbers in Z.
when added to themselves. (For example,
242=4, 442 = () (mod 6), and 04+2=2, back where
we started. missing |. 3 and 3.) So a hexazon
knot [rom a single strip is impossible,
Therelore, we will be able to fold an n-sided
regular knot with a long strip of paper if and
only if there i4 a number in the set {2, 3, .., 11 -
21 which, when added to itself repeatedly, gen-
erates all the numbers in Z,, This turns out to
always work except when n= 3, 4, and 6. Thus
any polyvgonal knot can be made from a single
strip-except triangles, squares, and hexagons.

3. Using more than one strip of paper

What if we allow burselves o use more thain
one strip of paper? Then a hexagon knot can be
made, as well as other knots. soeme of which can
be very attractive when made using diflferent col-
ors. (See Figure 5.)

These can be studied using modular artthmetic as
well. In the hexagon, il we think of ene stmp of paper
as entenng side O (in Z.), then it crosses 1o side 2,
then 1o side 2+2=4, then 1o side 4+2=0 (mod 6). which
15 back where we started. This leaves sides 1. 3, and
3 emphy. and that is where the second strip of paper
comes in. We can think of the second strip as filling
inacoserof the set [0, 2, 4] in Z. A coset 15 4 set you
méake by taking a set ke {0, 2, 4] (which actually is
asubgroup of Z,) and adding mmelhing 1o each of
its elements. So 1 + {0, 2,4} ={ 1.3, 3}, which will
behave just like [0, 2,4] in Z, and so can be nsed for
e second strip of paper. That is. the second stip can
enter at any of the other sides and fill out the hexa-
gon, like entering at 3, then 3+2=3, 5£2=1 (mod 6).
and 142=3, back where we started,

For the nonagon (Y-sided polygon) in Figure 35,
we used (0, 3, 6} C Z, for the first strip of paper.
We thenused thecoset | + (0,3,6) = [ L4, 7) for
the second siip and the coset 2+ {0, 3, 6} = {1.5,
# | for the third strip:

4. Applications

Nol only do these knots make attractive oma-
ments, but they also can give math teachers a
hands-on way o Leach the concept of cosels in an
abstract algebra university course. Furthermore,
researchers like Erik and Manin Demaine of MIT
have suggested that making such knot folds, where
more than one crease is made at the same time,
might be & way to credte stronger origami axioms.
Being able to constrict any large regular polygon
18 equivalent o solving arbitranily large polyno-
mial equations, showing that origami is a very
strong computational tool for geometry,
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Origami Sampo is Alive and Well
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The Worst Journey of Origami Sampo

— the second part —

had to give up climbing Mt. Origami though I had reached
the point very close to the summit. Mt. Origami is tougher,
and/or my physical strength is weaker than [ expected.
The title of this article was named after "The Worst Journey in
theWorld", an article about R.F. Scott's polar exploration. Too
much? Well, I must admit that.
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