
GROUP THEORY!!

1. Rotations of an equilateral triangle

Let’s rotate our triangle, and record the letters in or-
der each time we do a rotation.

Counter-clockwise rotation Letters in order Name

Do nothing (0◦) R0

Rotate once (120◦) R1

Rotate twice (240◦) R2

Rotate three times (360◦) R3

(1) If we rotate some more, what is going to hap-
pen with the letters?

(2) Does ACB ever show up? Why or why not?
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2. The rotations make a group

Let’s check our understanding that the rotations are
indeed a group.

(1) How many distinct rotational symmetries does
the triangle have?

(2) How is this group different from the integers?

(3) Inverses are pretty interesting in the rotation
group.

What is the inverse of R0?

What is the inverse of R1?

What is the inverse of R2?
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3. Rotations and reflections

Now let’s consider a group made of both rotations
and reflections.

Let’s look at how reflections act on the letters:

Reflection Letters in order Name

Reflect across line S0 S0

Reflect across line S1 S1

Reflect across line S2 S2

Now let’s compose some of the group elements and
write down what happens. Make sure to perform the
symmetry across the top row first, and the symmetry
from the left column second.

R0 R1 R2 S0 S1 S2

R0 ABC BCA BAC
R1 BCA BAC
S0 ACB BCA CAB
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4. A Cayley Table

Now let’s fill out a Cayley Table. Instead of writing
down what happens to the triangle, we fill in the ta-
ble with the names of the group elements. I’ve filled
in a few to get us started.

R0 R1 R2 S0 S1 S2

R0 R0 S0

R1 R0 S2 S0

S0 S0 S1 R1

This is actually only part of the Cayley table. The
entire table would have 36 squares to fill out!!

(1) What group element do you get reflecting S0

first followed by R1?

(2) What group element do you get rotating R1

first followed by S0?
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5. The Fundamental Group

Try to draw some elements of the fundamental group
on the sphere and the torus pictured above!


