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For each bell, use a
square of paper.

1 Valley fold the
opposite corners
together in turn to
mark the diagonal
fold-lines, and open
them up.

2 Turn the paper
over.Valley fold the
opposite sides and
edges together and
open them up.

3 Move together
lateral corners,
simultaneously

approaching the

top corner to
bottom.

4 Valley fold the
model in half and
open it up.

5 Open out the
left-hand flap of
paper and squash it
into a triangle.

6 Valley fold the
front flap’s lower
sloping edges over,

http://library.thinkquest.org/27152/res/plants/std/bell htm

by Yurii Shumakoyv

©1995 Bell by Yurii Shumakov
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11 Turn the model
over. Repeat steps
5-9.

STALKS of
BELLS

You can use strips
of a green paper of
the any size for
folding a stem and
pedicels.

1 Valley fold the
paper from bottom
to top.

2 Fold over and
over

3 Give a stem and
pedicel the bent
form.

ASSEMBLY of
BELLS

1 Paste and glue
pedicels in a stem.

2 Glue each pedicel
in a crease of a
flower.

3 The bells are
ready!

The bouquet from
such bells will be a
good decoration
and gift.




Origami butterfly http://ccwf.cc.utexas.edu/~psycho/origami/butterﬂy.html
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: Recently I sat down and
..designed a butterfly. Most of
“my models have been the result
of random creative folding, this ::
is only the second model I've
ever created as the result of a
goal directed process.
For this model I do not have a series of step folds
derived from a simple base, but instead an initial crease
diagram with concluding step folds. I know some R
people do not like crease diagrams so I apologize for :
using one here, but in my attempts to diagram this =~ T it RS0
model I found that this was far simpler then creating a ‘
synthetic series of steps to the same end. The image to  rrmrest oo i e :
the right is the crease diagram in which mountain folds
are indicated by red lines, valley folds are indicated by
dark lines (that were supposed to be blue), and creases
that are to remain flat at this stage are in light orange. &
The body of this model gets rather thick, so I s
advise you use a large piece of paper on your first try. L.
I tried folding one from a small square of gold foil mountain(red) and valley(blue) folds.
paper, but I didn't use the finesse I should have and the
body broke cleanly in half,

The first step I took in designing this model was to decide how I wanted it to look. After a few
minutes of recollection I decided that a four wings and a oppositely colored body were sufficient to
capture what I thought of as a butterfly. I didn't want to try and figure six legs and two antenna into it's
design, though I do like those anatomically correct butterfly models out there.

The next step was to figure out how the different parts of the model could be folded in isolation.
The idea for how to fold the fore-wings came to me almost as soon as I began thinking about it. Each
fore-wing is basically a combination of two water bomb bases side to side, with the hindmost one having
it's point sunk inwards. For the hind wings, I needed a fold that would result in two flaps separate, but
neighborly. As I thought about it, the image of something I came across while folding some tessellated
folds came to mind. 1 don't know what to call it, but if you fold the lower half of the crease diagram on
the right, you'll see the effect.

As I sketched out the creases I had in mind, I realized that the wings from each half of the model
could be folded from a 4x1 rectangle. I quickly tore myself a suitable rectangle and folded what I hoped
would be a confirmation to what my imagination showed me. It worked, I had a half butterfly in my
hands, and I was amazed at how simple it was. The result showed me what my imagination did not, that
the two halves would not fit neatly together and would need additional paper to bridge the gap. Ittook
me another five minutes or so to have a passable butterfly before me and another hour or so after that to
refine what I started with to the model diagrammed above.

Send commentsto  cho cow .cc.utexas.edu.

Go to my main origami page



Origami butterfly
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This is what the crease
diagram in step one
should collapse to. There
are several layers beneath

the rectangular white
2. portion at the top.

At the top, only the
upper layer is to be folded
inwards.

.. At the bottom, the

~ points are to be reverse
folded. Afterwards, fold
the resulting internal flap
halfwise to one side to
result in a lock for each
hind-wing.

Fold the point of the
upper layer to the middle.
Crease the layer beneath
it the same way in
preparation for the next
step.
Fold the model in half
6. with the white square to
the outside. Take care not
to break the model in
doing this.

Now here's about how I designed the model:

http://ccwf.cc.utexas.edu/~psycho/origami/butterfly.htm]

Turn the model over.

There are three layers
here, the first and last
should be folded
separately like this.

The middle layer should
be folded in a like fashion
except the corners are
folded underneath the
layer.

Once this is done, fold
the top layer downwards,
leaving the middle and
bottom layer to the top.

Take the inner white
layer, which you
precreased in the last step,
and tuck it to one side in
between the layers to lock
the body of the model
closed.

Fold the wings outward
along the gray line shown
here. Again, be careful

to avoid breaking the
model.

If this is your first try and you've managed to fold
this butterfly without breaking the paper somewhere,
then congratulations are in order! 1 still have
difficulty folding the model without breaking the
paper somewhere along the way.

I plan to attempt a revision in the future which
does not result in so thick a body. I am pretty
certain I can do it with a 3x4 piece of paper, but I've
yet to sit down and commit to it.

3/17/00 9:30 AM
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PINECONE PAGE 2

8 botiom section only shawn 5

" fold up all
saeven bofiom
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Ty
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. Tbe setat ight
a L angles

o

rondel will stand on it's base
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This is what the crease
..., diagram in step one
" should collapse to. There
are several layers beneath
the rectangular white

2 portion at the top.

At the top, only the
upper layer is to be folded

inwards.

hind-wing.

Fold the point of the
upper layer to the middle.
Crease the layer beneath

it the same way in

preparation for the next

step.

Fold the model in half
with the white square to
the outside. Take care not
to break the model in

doing this.

Now here's about how I designed the model.

At the bottom, the

“. .. pointsare to be reverse
" folded. Afterwards, fold
the resulting internal flap
halfwise to one side to
result in a lock for each

http:/fcewf.cc.utexas.edu/~psycho/origami/butterfly.html
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Turn the model over.

There are three layers
here, the first and last
should be folded
separately like this.

The middle layer should
be folded in a like fashion
except the corners are
folded underneath the
layer.

Once this is done, fold
the top layer downwards,
leaving the middle and
bottom layer to the top.

-
o
¥, -
.

Take the inner white
_ layer, which you
o precreased in the last step,
’ and tuck it to one side in
between the layers to lock
the body of the model
closed.

Fold the wings outward
along the gray line shown
here. Again, be careful
to avoid breaking the
model.

,

If this is your first try and you've managed to fold
this butterfly without breaking the paper somewhere,
then congratulations are in order! I still have
difficulty folding the model without breaking the
paper somewhere along the way.

I plan to attempt a revision in the future which
does not result in so thick a body. 1am pretty
certain I can do it with a 3x4 piece of paper, but I've
yet to sit down and commit to it.

3/17/00 9:30 AM
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Recently I sat down and
designed a butterfly. Most of
my models have been the result
of random creative folding, this ::
is only the second model I've
ever created as the result of a
goal directed process.

For this model I do not have a series of step folds
derived from a simple base, but instead an initial crease
diagram with concluding step folds. I know some
people do not like crease diagrams so I apologize for
using one here, but in my attempts to diagram this
model I found that this was far simpler then creatinga
synthetic series of steps to the same end. The image to
the right is the crease diagram in which mountain folds
are indicated by red lines, valley folds are indicated by
dark lines (that were supposed to be blue), and creases !
that are to remain flat at this stage are in light orange. &,

The body of this model gets rather thick, so I
advise you use a large piece of paper on your first try. | )

I tried folding one from a small square of gold foil mountain(red) and valley(blue) folds.
paper, but I didn't use the finesse I should have and the
body broke cleanly in half.

The first step I took in designing this model was to decide how I wanted it to look. After a few
minutes of recollection I decided that a four wings and a oppositely colored body were sufficient to
capture what I thought of as a butterfly. Ididn't want to try and figure six legs and two antenna into it's
design, though I do like those anatomically correct butterfly models out there.

The next step was to figure out how the different parts of the model could be folded in isolation.
The idea for how to fold the fore-wings came to me almost as soon as I began thinking about it. Each
fore-wing is basically a combination of two water bomb bases side to side, with the hindmost one having
it's point sunk inwards. For the hind wings, I needed a fold that would result in two flaps separate, but
neighborly. As I thought about it, the image of something I came across while folding some tessellated
folds came to mind. I don't know what to call it, but if you fold the lower half of the crease diagram on
the right, you'll see the effect.

As I sketched out the creases I had in mind, I realized that the wings from each half of the model
could be folded from a 4x1 rectangle. I quickly tore myself a suitable rectangle and folded what I hoped
would be a confirmation to what my imagination showed me. It worked, I had a half butterfly in my
hands, and I was amazed at how simple it was. The result showed me what my imagination did not, that
the two halves would not fit neatly together and would need additional paper to bridge the gap. Tt took
me another five minutes or so to have a passable butterfly before me and another hour or so after that to
refine what I started with to the model diagrammed above.

Send comments to psycho@ccwf.cc.utexas.edu.

Go to my main origami page




11 Turn the model
over. Repeat steps
5-9.

STALKS of
BELLS

You can use strips
of a green paper of
the any size for
folding a stem and
pedicels.

1 Valley fold the
paper from bottom
to top.

2 Fold over and
over

3 Give a stem and
pedicel the bent
form.

ASSEMBLY of
BELLS

1 Paste and glue
pedicels in a stem.

2 Glue each pedicel
in a crease of a
flower.

3 The bells are
ready!

The bouquet from
such bells will be a
good decoration
and gift.




For each bell, use a
square of paper.

1 Valley fold the
opposite corners
together in turn to
mark the diagonal
fold-lines, and open
them up.

2 Turn the paper
over.Valley fold the
opposite sides and
edges together and
open them up. 3

3 Move together
lateral corners,
simultaneously
approaching the RN
top corner to v
bottom.

4 Valley fold the
model in half and
open it up.

5 Open out the
left-hand flap of v
paper and squash it
into a triangle.

6 Valley fold the
front flap’s lower
sloping edges over,

©1995 Bell by Yurii Shumakov
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Y e This model is reasonable in difficulty and is the fourth
IJ"‘\. <9 of hopefully enough models to create a nativity scene

f-\NGL':!. folded from squares of paper.

If making my "nativity" then I suggest you make three

Cre?;?;ﬁ?t':ﬁ;ﬁmmed angels with the variations described at the end of this

1997 model.
1. Start with a square of 2. Crease sides to 3. Valley fold point
paper and crease as centre, Valley fold down. Repeat behind.
marked. Fold a bottom point upwards
preliminary base repeating behind to

form bird base

4 5
lan Mitch aa7
4. Valley fold top point 5. Sink this point 6. Mountain fold the 7. Valley fold flap
to "centre of triangle" where marked. two flaps marked into  to right (repeat
and then sink the top model, valley fold behind)
point bottom points up

lof3 3/17/00 12:40 PM



Paris place Origami model of paying angel

-
”
%

ian Mitchell 7

8. The result. Carefully crease 9. Result.. may be loose or
"springy". Valley fold flap to

right, repeat behind.

where marked and crimp
allowing curve to form in
"wings"

lan Mitchell 1997

11. Make series of "reverse"
folds to make foot as in (12).
Reverse fold the large triangle

20f3

http://www .accessin.com.au/~paris/origami/origo.

10

w

Angel

10. Reverse fold so that "inner
edge" meets corner as in (11)

12

b3
~
~
A

13. Another crimp! this time into
model to bring "head" forward
(and secure "wing" folds from
(8).) Tuck any paper that comes
below arms back with a valley fold

12. Tricky part! Crimp
model where shown carefully
to arrive at (13) "arm"”
should be on outside.

3/17/00 12:40 PM
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5 place Origami model of paying angel http://www.accessin.com.aw/~paris/origami/origomi7.htm

15 /i, 16
14 “
lan Mitchell 1997 Angel
14. Almost there! Crimp/reverse? fold 15. Two reverse 16. Side view behind wing and
head to arrive at (15) Reverse fold folds to make face ~ view from Back of model.
"hands" and nose Fold flap left from (5) into

pocket created by sink in (5)
thus "locking" model.

Finally my completed Angel
or as my wife calls it "Nun with Wings"

Variations

Do not do the crimp at (12) and angel will appear to be praying to
heaven instead of bowed.

Valley fold wings where they meet the "arms" to get an angel with
bowed head and wings.

Modify head with different reverse fold combinations to get better
facial look or wet fold this area

Return to ori ami index

3/17/00 12:40 PM
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Assignment 2

Due Thursday, Jan. 27

Dodecahedron

~iReturn to Combinatorial Geomet Pa e
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s Combinatonial Gi Cl http://chasm. imack.edu/~thull/combgeom/assign3.htm]
ombinatorial Geometry Class By Tom Hul, prof ¢ at Merrimack College ttp aSm.merrimac ull/combgeom/assign3.htm

i Assignment 3

Due Tuesday, Feb. 1

Nothing to hand in this time! But you need to go to the Math Center (3rd
zﬂoor of the library) and play with the Department's Zometool Kit. Try making

* A dodecahedron (requires the blue units). (li) An icosahedron (blue
units, some people made some in class). (Look at the Graph Theory
Notes for more details on what these polyhedra are.)
4 o Acube inside a cube? A dodecahedron inside a dodecahedron?
* A Rhombic Dodecahedron? See below.

Chapter 14

(This picture is borrowed from the web page of Geor e Hart, polyhedra
master.)
* Anything else you can think of. Go wild!

‘In fact, READ the web page that George Hart has made that introduces you
ito Zometool: GO HERE! It has lots of great pictures of things you can build

You should also look at the official Zometool web a e

Return to Combinatorial Geomet Pa e

lofl 3/17/00 2:48 PM
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Notes on Planar Graph Theory

The following are brief notes on some of the graph theory concepts that we
covered in the Tuesday, Jan. 25th class.

Definition: A graph G is any network of points and lines. We usually call the
points vertices and the lines edges. Since every graph is determined by it's set
of vertices and edges, we usually denote a graph by G=< V.E>.

A graph is called a planar graph if it is drawn in such a way that the edges
never cross, except at where they meet at vertices.

There is a direct connection between polyhedra and planar graphs, namely that
we can take any polyhedron and "project” it down onto a flat piece of paper,
turning it into a graph. This is sometimes nice to do because graphs are easier
to draw than 3D polyhedra, and the planar graph contains all the network
structure information of the polyhedron, like how many vertices, edges, and
faces it has. Below is shown how we can turn the cube into a planar graph.

Tn class we drew the planar graphs of other polyhedra, like the tetrahedron,
which has 4 triangle faces and each vertex degree 3.

the octahedron, which has 8 triangle faces and each vertex degree 4.

the dodecahedron, which has 12 pentagon faces and each vertex degree 3.

We also talked about the icosahedron, which has 20 triangle faces and each
vertex degree 5, but we didn't draw one. These 5 polyhedra (including the
cube) are the five Platonic solids They are the only polyhedra in existence
that have all sides the same and whose sides are regular polygons. (We might
try to prove that later!)

Definition: If G is the graph of a polyhedron, let G* denote the graph of the
planar dual of G. We construct G* in the following way:

o for every face of G we make a vertex of G*, and .
e two vertices in G* will form an edge if and only if the corresponding
faces in G are next to one another (that is, they share an edge).

Below is shown how we make the dual of the cube:

3/17/00 2:48 PV
1of4d



s Combinatorial Geometry Class http://chasm.merrimack.edu/~thull/combgeom/graphnotes. html

Glt

But look! If we re-arrange the vertices in the dual G* we get the following:

an \
W,

Spread the points out to make the edges straight ... and you can see its the oc tahedron!

Thus we see that the dual of the cube is the octahedron! Wow! It also makes
sense that if we took the dual of the octahedron then we'd get the cube back,
right?

1/27/00 Notes: Euler's Formula

The following are some things that we learned on the Thursday, Jan. 27th
class, or things that we'll be learning soon!

Euler's Formula: If G is a planar graph with V vertices and E edges and F
faces, then we have the following formula:
V-E+F=2

We'll be proving Euler's Formula in class, and the proof will be by induction!
So get ready for it.

Now, I mentioned in class that we can use Euler's Formula to prove that there
are exactly 5 Platonic solids, and I ask you to do this yourself on an upcoming
problem set. Here are some notes that help you get started:

Definition: If v is a vertex in a graph, then the degree of v is the number of
edges coming out of v. We denote this by deg(v).

Similarly, the degree of a face fin a planar graph is the number of edges
going around the face. (Thus a triangle face has degree 3, a hexagon face has
degree 6, etc.) We denote this by deg(f).

Here's a classic graph theory Theorem:

Theorem: Let G be any graph and let E be the number of edges in G. Then if
vl, v2, v3, ... vn denote the vertices in G, we have

2of4 3/17/00 2:48 PM



Tom's Combinatorial Geometry Class http://chasm.merrimack.edu/~thull/combgeom/graphn

deg(vl) + deg(v2) + deg(v3) + ... + deg(vn) = 2E

Proof: Go to every vertex in G and add up the number of edges coming out of
that vertex. This is just suming up the degrees of the vertices, so we'll get the
left-hand side of the above formula. On the other hand, this will be adding up
the total number of edges in the graph, EXCEPT that we'll actually be
counting each edge twice, right? This is because each edge is adjacent to two
vertices. So if an edge e is connecting vertices vi and vj, we'll count e once at
vertex vi and again at vertex vj. Thus we're counting each edge exactly twice,
which gives us 2E, the right-hand side of the above formula. Q.E.D.

Exercise: Use the same argument to show that if f1, 2, ..., fm are the faces of
a planar graph G, then
deg(fl) + deg(f2) + deg(f3) + ... + deg(fm) = 2E

So what does this tell us about the Platonic solids? Well, remember that each
Platonic solid must have each face be the same regular polygon, which means
that each face has the same degree. Also, each vertex will have the same
degree. (Hmmm ... does that need a proof, or do we already know this?
Hmmm...). Thus the previous Theorem tells us that if V is the number of
vertices in a Platonic solid and F is the number of faces, and if each vertex has
degree d and each face has degree k, then

dV =2E and kF = 2E

There are lots of things we could do with this! For example, we could write
these as V = (2/d)E and F = (2/k)E, and then plug them into Euler's Formula
to get
(2/d+2/k-1DE=2
But E is positive, and so is 2. Thus (2/d + 2/k - 1) must be positive. That is,
2/d+2/k>1
Now, can you turn this into
(d-2)(k-2)<4
hmmmm? Sure you can! Now check out all the tools we have here. We want
to determine how many Platonic solids there are, and we can do this by
experimenting with different values of d and k. But some values of d and k
won't work at all! For instance, it doesn't make sense for a polyhedron to have
vertices of degree 1 or 2, right? So we know that d is greater than or equal to
3. Also, a polyhedron can't have faces with fewer sides than a triangle, so k is
greater than or equal to 3. Further, by Problem (3) in Probem Set number 1,
we know that every planar graph must have a vertex of degree less than or
equal to 5. But since all the vertices in a Platonic solid have the same degree,
we must then have d <= 5. And since the same must be true of the dual of this
Platonic solid, we have k <= 5. In summary,
3<=d<=5and3<=k<=5
which cuts down on the number of cases for d and k that we have to check!

So go ahead! Use (d-2)(k-2)<4 to see if any other cases of d and k are
impossible, and for the ones that are possible use (2/d + 2/k - 1)E=2 to
compute how many edges the Platonic solid must have, and then use V =
(2/d)E and F = (2/k)E to compute the number of vertices and faces. You

3of4 3/17/00 2:48 PM
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should recognize the numbers that you get (is one the cube? is one the
octahedron? etc) and in this way prove that there are only 5 possibilities for
the Platonic solids. '

Return to Combinatorial Geomet Pa e
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