
Thanks to you, our Cutting Crew!

Problem Set 1: Cutting Class

Welcome to PCMI. We know you’ll learn a lot of mathematics
here—maybe some new tricks, maybe some new perspectives
on things with which you’re already familiar. Here’s a few
things you should know about how the class is organized.

• Don’t worry about completing all the questions. If
you’re completing every question, we haven’t written the
problem sets correctly. Some problems are actually

unsolved . Participants in
this course have settled at
least one unsolved problem.

• Don’t worry about getting to a certain problem number.
Some participants have been known to spend the entire
session working on one problem (and perhaps a few of its
extensions or consequences).

• Stop and smell the roses. Getting the correct answer to a
question is not a be-all and end-all in this course. How
does the question relate to others you’ve encountered?
How do others think about this question?

• Respect everyone’s views. Remember that you have
something to learn from everyone else. Remember that
everyone works at a different pace. Take some time to
hear another person’s take on a problem.

• Teach only if you have to. You may feel tempted to teach
others in your group. Fight it! We don’t mean you should
ignore people, but don’t step on someone else’s aha mo-
ment. If you think it’s a good time to teach your colleagues
about Voronoi diagrams, don’t: problems should lead to
appropriate mathematics rather than requiring it. The
same goes for technology: problems should lead to using
appropriate tools rather than requiring them. Use them strategically

or face the wrath of the
Common Core.• Each day has its Stuff. There are problem categories: Im-

portant Stuff, Neat Stuff, Tough Stuff. Check out Important
Stuff first. All the mathematics that is central to the course
can be found and developed in the Important Stuff. That’s
why it’s Important Stuff. Everything else is just neat or
tough. If you didn’t get through the Important Stuff, we
probably noticed . . . and that question will be seen again
soon. Each problem set is based on what happened in the
previous set, and what happened in the previous class.
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When you get to Problem Set 3, go back and read the Don’t worry, you’ll get there!

introduction again.

Opener

1. Cut out the regular polygons. Use them to create arrangements A regular polygon has all
side lengths equal, all angle
measures equal, and takes
Metamucil before bed.

where at least one vertex is completely surrounded and there are no
“holes” or overlapping pieces. (The lengths of all sides are the same.)
For each arrangement you produce, find the total number of vertices,
edges, and polygon faces in the arrangement. For example, here’s an
arrangement Gabe created with 6 vertices, 8 edges, and 3 polygon
faces:

Be careful not to double-
count vertices and edges.
Even Gabe wouldn’t make
this mistake.

Gabe’s arrangement has no “holes”, but also does not have a vertex
that is completely surrounded by polygons. You lose, Gabe.
Do better than Gabe, then look for some patterns among your table’s
results.

Important Stuff

2. What has to happen at a vertex for it to be completely sur-
rounded? Give some examples of how this can happen,
and an explanation of how it might not happen.

3. Imagine an arrangement that covers the entire plane, Wait, I thought math prob-
lems weren’t supposed to
start with “Imagine” . . .

made from copies of only one regular polygon. Which
regular polygons make this possible?

4. Explain why there can’t be an arrangement of regular
pentagons that completely surrounds a vertex without
overlapping.
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5. Tracia slices a regular pentagon into three cool triangles.

1
2

3

a. What can you say about the angles in triangle 1?
b. What is the sum total of all the interior angles in a

regular pentagon? There are five interior
angles, and no, they’re not
bigger on the inside.

c. Are triangles 1, 2, and 3 congruent? What kind of
triangles are they?

d. Find the exact measure of every angle in triangles 1,
2, and 3.

Neat Stuff

6. Here’s a regular star pentagram. Find four pairs of Last week, this would have
been a STaR pentagram.triangles where one is a scaled copy of the other.

7. For each pair of triangles you found in Problem 6, how
many times longer is each side of the larger triangle?
Measure and estimate, to two decimal places.
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8. Dayna decided that each side of the large pentagon
had length 1. She then found other segments in the star
pentagram that she says have length 1. Do these exist?
Find some or explain why they do not exist.

9. If you agree with Dayna to call the large pentagon’s side If you disagree with Dayna,
I don’t know what your
Problem is.

length 1, find an equation involving x, the length of the
longest possible diagonal in Problem 6.

10. If Tracia’s pentagon from Problem 5 has side length 1,
find the exact length of every side in triangles 1, 2, and 3.

11. Which of triangles 1, 2, and 3 from Problem 5 has the
largest area? How many times larger is it than the others?

12. Kyle loves Tetris! Its pieces have four squares connected,
and are sometimes called tetrominoes. Kyle wants to
figure out which of the 7 Tetris pieces can tile an entire
plane. But, per usual Tetris rules, the pieces can only
be rotated when put in place. How many of the 7 Tetris
pieces can tile the plane? This is not a door.

Tough Stuff

13. Using the diagram from Problem 6, find a set of three
triangles where Triangle A is a smaller scaled copy of
Triangle B, and Triangle B is a smaller scaled copy of
Triangle C.

14. Bond loves Tetris5! Its pieces have five squares instead of
four, and are sometimes called pentominoes.
a. How many pentominoes are there?
b. Tetris5 has more than this many pieces. Why? How

many pieces does it have? Warning: Tetris5 probably
does not actually exist.c. How many pentominoes can tile an entire plane?

Reflections are allowed.
d. Bond wants to figure out which of the Tetris5 pieces

can tile an entire plane, using only rotations. How
many Tetris5 pieces can tile the plane?
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