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Exam 2, March 18-21, 2021

Exam 2
Combinatorics, Dave Bayer, March 18-21, 2021
To receive full credit for correct answers, please show all work.

[1] How many ways can we choose three edges of a regular tetrahedron, up to rotational symmetry?
Confirm your answer by finding all patterns up to symmetry.

@

Cc

A B cc DD AAA BBB
(G0 2t 2

|
_\—’Z.(ZO+ 3"2—'{'4- %l'G‘Z) = "["3‘/‘&:. Y
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Chival pair
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[2] How many ways can we k-color the six sides of a regular hexagon, up to rotational and flip symmetries?
Confirm your answer for k = 2, by finding all patterns up to symmetry.

|Gl=6 verhces - 2edoes = 12 cases
2 V;:;‘:‘ 00S possibilities

@@@@@@%

HOODO0

L 2 2
Tdentity 2. tuen V3 urng Ye turms sidefhos  vertex Flips
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5 (KO +3kH+ 4K+ 2k + 2K)

K=2: .\'i(gtt:fgdclgeugg +2:442:2) =186/, = 13
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[3] How many ways can we choose two squares of a 4 x 4 board, up to rotational and flip symmetries?
Confirm your answer by finding all patterns up to symmetry.

|G\ = 4 cormers -2 edges =

1 1 2 2 2
IdEM’\'H'v Yo uva Vi toms side Fhes vertex Hips
(Segise20 G 0 3 (Dp6=l2

L (1204 +2:8+ 212) = IG8/ = 2
3 ( 6 'L‘f) e =2

Check:
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[4] How many ways can we choose 2 or 3 faces of a regular dodecahedron up to rotational symmetry?
Confirm your answers by finding all patterns up to symmetry.

12 pevtagonfaces
29 C&ﬁes 512/
20 verhices 5-12/5

Chosse vexteA then edge
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k=2 (‘F)=66 G O 1
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k=2 25(66+15:6+20:0+24%1) = B0, = (3

K=% (;35(210+ 15:Q + 204 + ‘2,‘-%0) = ?’00/60 =5






Exam 2, March 18-21, 2021

[5] How many ways can we choose two cubes from a 3 x 3 x 3 array of 27 cubes, up to rotational symmetry?
(This is not a Rubik’s Cube. The symmetries are the 24 rotations we have studied of a solid cube.)

(%‘Dz ZZJ-G 2 cwbes on axis D wbes on axis 3 cwbes on axis 2 cwbes on axis
STt 2 paws 6 quads 3 tiplefs
(=15 (D+2=15 (D=3

(=3

_1%( (DN+ QS +4D) = 528/, = 22| ways 42 Prck +wo cobes
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A4 ¢
S
2

3 ways 3 Ways fo G ways leF
cMogse fwso choase middle onoose gne Covhen
covnevrs

5 ways 2 2 Ways @
Magse w0 oMoose gne edqe, onoose

(as we sqw before)

i
ds
44

49+245+3149 =122
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