


Tom's Combinatorial Geometry Class http://chasm.merrimack.edu/~thull/combgeom/assign4.htm!

By Tom Hull, professor at Merrimack College

1 323 ‘ ‘a ry!
Assignment 4

Due Tuesday, Feb. 8

You should now have the first homework Problem Set. If you don't, I've
mcluded one here in PDF and Postscript format:

?Problemsl PDF
Problemsl PS

(Note My PDF converter doesn't seem to handle all the math symbols
‘correctly, so I suggest that you try to laserprint the .PS file. If you have a
Mac all you need to do is download the .PS file and drag it to your printer.)

Your assignment is to do any three of these problems, BUT one of them
MUST be problem number (3).

Also, make sure your write ups are neat and clear. ANything that needs to be
proven should be stated as a Theorem and proven rigorously. Wheee!
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MA 323 2/1/00
Combinatorial Geometry
First set of probelms!

(1) OK. Now you've seen Euler's Formula : Given a connected planar graph with V
vertices, E edges, and F faces, we have V “E+ F =2,

Use Euler's Formula to @ndall the regular polyhedra. (That is, polyhedra (planar
graphs) where each vertex has the same degree and each face has the same number
of sides.)

(2) There are three houses on Avenue Y, and on Avenue P there are three service
companies, the electric, water, and gas companies. Each company needs to run an
uninterrupted pipe to each of the three houses. Due to the fact that Avenue Y and
Avenue P exist in 2 dimensional space, no two pipes can cross. Can this be done?

(3) Use Euler's Formula to prove that every planar graph must contain a vertex of
degree 5 or less.

(4) A planar graph G is self-dual isG = G*. We saw that the tetrahedron is self-dual.
Find more. Can you @nd a whole family of polyhedra that are self-dual?

(3) Try to make a \capped" icosahedron using 30 Sonobd units. But if itisn't properly
3-colored you don't get any points!

(6) You can make a \cube" using 6 Sonobd units, but this isn't really a cube. What
is it?

(7) Come up with polyhedra made from Sonobe units that requires 4 colors to properly
color.
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‘s mato = try
Assignment 5

Due Tuesday, Feb. 15

You should now have the second homework Problem Set. If you don't, I've
’mcluded one here in PDF and Postscript format:

?ProblemsZ.PDF
) Problems2.PS

(Note: My PDF converter doesn't seem to handle all the math symbols
‘correctly, so I suggest that you try to laserprint the .PS file. If you have a
‘Mac, all you need to do is download the .PS file and drag it to your printer.)

%Ybur assignment is to do any THREE of these problems.

;Also, make sure your write ups are neat and clear. Anything that needs to be
,proven should be stated as a Theorem and proven rigorously. Wheee!
3

to Combinatorial Geomet Pa e
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MA 323 2/8/00
Combinatorial Geometry
Trippy Problem Set Number Two

(1) The Four Color Theorem is very hard to prove, but the Five Color Theorem isn't
so bad. Try to prove that you can color the vertices of any planar graph using Ove
colors. (Feel free to ask for hints! Here's one: start with the fact that any planar
graph must have a vertex of dedgree 5 or less.)

(2) Use Euler's Formula to come up with an inequality relating the number of vertices
and edges in a bipartite planar graph.

(3) Classify the spherical Buckyballs. That is, how can you describe the spherical
Buckyball polyhedra family? How many vertices, edges, and faces does each member
of this family have? Can you smell any equations? (Note: this is a hard problem -
there are many more spherical Buckyballs out there than1 describe on my web page.)

(4) Try making a large Buckyball. Tom suggests starting with the soccer ball, BUT
you gotta have a plan to 3-color it @rst! Include a description of your coloring strategy
in your write-up.

(5) Does the soccer ball have a Hamilton cycle? What ab out the other Buckyballs?

(6) If G is the planar graph of a polyhedron, let T(G)= the graph we get by truncating
each vertex of G, and let S(G)= the graph we get by spiking (i.e., augmenting) each
face of G. Prove that T(G%) = S(G)%.

(7) Can you use Sonob@ units to make a torus (i.e. a doghnut)??? What's the fewest
number of colors that you need to properly color it?

(8) Is the below planar graph a polyhedron? Why or why not?
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Assignment 6

Due Tuesday, Feb. 22
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ou should now have the third homework Problem Set. If you don't, I've
‘included one here in PDF and Postscript format:

!

*Problems3 PDF

“Problems3.PS

(Note: My PDF converter doesn't seem to handle all the math symbols
correctly, so I suggest that you try to laserprint the .PS file. If you have a

4

‘Your assignment is to do any TWO (only 2!) of these problems.

Also, make sure your write ups are neat and clear. Anything that needs to be
proven should be stated as a Theorem and proven rigorously. Wheee!

Return to Combinatorial Geomet Pa e

lofl 3/17/00 2:52 PM



MA 323A 2/15/00
Combinatorial Geometry
Doin' the Problem Set Drei

(1) Prove rigorously, thatfthe arca ofa spherical triangle with interior angles (k, a;} a:

on a sphere with radius | is
el 0=

(2) Let S = the number of solid angles in a given polyhedron. Find a formula for the
sum of all the plane angles in the polyhedron.

(3) Use Descartes Theorem to classify all the regular polyhedra. (Notice that this is
a totally diZEerent approach than the one we saw before using Euler's Formula!)

(4) Use Descartes Theorem to prove that Euler's Formula is true for all polyhedra.
(5) Not for write-up: Look at my web page
http://web.merrimack.edu/~thull/OrigamiMath.html

and make the \Five Intersecting Tetrahedra" model. Putting it together is a real
puzzle { you may want to print out the web pages and use the pictures as a guide.

(6) What is the \optimal" strutt width we would need to make the @w intersecting
tetrahedra using tetrahedral frames? See the following picture for inspiration.

(7) Puzzle: Use two sheets of origami paper and as few folds as possible to make
something that looks like
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Assignment 7

Due Tuesday, Feb. 29
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gYou should now have the fourth homework Problem Set. If you don't, I've
included one here in PDF and Postscript format:

Problems4. PDF
"Problems4.PS

(Note: My PDF converter doesn't seem to handle all the math symbols
correctly, so I suggest that you try to laserprint the .PS file. If you have a
., Magc, all you need to do is download the .PS file and drag it to your printer.)

.1 Your assignment is to do any THREE of these problems.

* Also, make sure your write ups are neat and clear. Anything that needs to be

iproven should be stated as a Theorem and proven rigorously. Word!
j

to Combinatorial Geomet Pa e
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MA 323A 2/22/00
Combinatorial Geometry
Fantastic Problem Set Four

(1) In the V;F chart of all polyhedra, where are the polyhedra which are 4-regular
(all vertices of degree 4)? S-regular? 6-regular?

(2) Consider the polyhedral family of Luckyballs. A Luckyball is a polyhedron
where

< each vertex has degree 3 and
< each face is either a square or a hexagon.

How many square faces must every Luckyball have? Prowe it.
(3) What is the sum of the de@ciencies of a toroidal polyhedron? (That is, a polyhe-
dron shaped like a doughnut.) Can you prove that this is always true?

(4) Given the point p = (2;0) and the line x = ©1, @nd the equation of parabola that
is generated when we repeatedly fold p onto the line.

(5) Prove that the \fold a point to the circle over and over again" trick that we saw
really generates an ellipse.

(6) How would you use Axiom 4 to \fold" a hyperbola?



Tom's Combinatorial Geometry Class By Tom Hull, professor at Merrimack College http://chasm.merrimack.edu/~thull/combgeom/assign8.html
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Assignment 8

Due Tuesday, March 7

You should now have the fifth homework Problem Set. If you don't, I've
mcluded one here in PDF and Postscript format:

;;ProblemsS.PDF
'%ProblemsS.PS

. (Note My PDF converter doesn't seem to handle all the math symbols
*correctly, so I suggest that you try to laserprint the .PS file. If you have a

“Mac, all you need to do is download the PS file and drag it to your printer.)
Your assignment is to do any THREE of these problems.

,Also, make sure your write ups are neat and clear. Anything that needs to be
: proven should be stated as a Theorem and proven rigorously. Word!

Return to Combinatorial Geomet Pa e

Tofl 3/17/00 2:54 PM



MA 323A 2/29/00
Combinatorial Geometry
Problem Set Five to keep you alive!
do any three

(1) (left over from last time) Prove that the \fold a pointto the circle over and over
again" trick that we saw really generates an ellipse.

(2) (left over from last time) How would you use Axiom 5 to \fold" a hyperbola?
(4) (Hard) Prove that Axiom 6 really does solve a cubic equation.

(5) Below is shown how you can use axiom 5 to construct the cube root of 2. Prove
that it works.

Iy
)

(6) Find i)method of creating arbitraty square roots by folding. (Say, a line segment
of length © X for any x.)

(7) We saw in class how to divide the side of a square into 1/3 (or equivalently, 2/3)
by considering the crease lines y = x and y= ©2(x © 1), where the lower left corner
of the square is (0;0). Modify this method to @nd a way to divide the side of the
square into 1/5ths. Can you generalize to 1=nths?

(8) Take a square piece of paper and pick a random point P along the top edge. Then
fold the bottom right corner to the point P. (See below.)

(a) What can you prove about the triangles you see? (This is called Haga's
Theorem.)

(b) Use part (a) to come up with another exact way to fold the side of a square

into 1/3rds.
P
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Heart by Katrin Shumakov http://library.thinkquest.org/27152/res/decor/std/hearts.htm

by Katrin Shumakov

1 Valley fold the
square of paper from
left to right. Unfold
it.

2 Valley fold the
square of paper from -
top to bottom.

3 Valley fold both
layers up.

4 Valley fold the
lateral edges up to
meet the vertical
middle line.

S The result.

6 Turn the model
over. Open the
pocket slightly. =

Valley fold the two .
layer to meet the
vertical middle line.

7 Valley fold the
corners as shown.

8 Valley fold the
corners, thereby
making the shape of . . i
the heart.

9 Turn the model
over and...

Heart is ready!






GIF image 800x979 pixels http://cewf.cc.utexas.edu/~psycho/origami/scorpion.gif
S cor pi on... . L. Volley fold  ~—-— Moundom
dicsgram £ 2000 by Dorrern fRsbay

3s ) 2 3. “, N &

Stortwmiho Turn ovasr on L over ong
g hooe repest gten 32 renaot st ¥S

#s g, 5. 18 il. I ¥ 13

¥ Reverse fold stapsa ¥ -~ 38

o
i, 1%, if. I¥. ’ 5%,
Tiirs pver
- ;ﬁ

Fant fold

T 23,
s,  Erecss top
~ agnr onboth
sdes
£
P
e,

Tofl 3/21/00 3:41 PM






GIF image 616x845 pixels http://www.multimania.com/osele/origami/chemise. gif

lofl 3/21/00 10:59 AM






GIF image 616x868 pixels http://www.multimania.com/osele/origami/chien.gif

{slagramme
Vincers Ozdle
Anonyme
£y @D
,/7; ..:..'5'5.,
o g-‘ ’
o A
S 3
Py t
e 3
& %
e, , )-‘-,‘;\',
IS ¢ {43
o ¢ S 3 »""v =~
- o o
a5 L) o ’_,‘4
LY
oy
Cuerir ure zm&a én
epplarizsant z t6te

1ofl 3/17/00 10:05 AM






GIF image 616x863 pixels

http://www.multimania.com/osele/origami/cigale.gif
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