SYMMETRY, MIRRORS & MISCELLANEOUS PROBLEMS
BEGINNERS 12/7/2014

Warm Up
The large, boldfaced equilateral triangle represents the 3-mirror system of a kaleidoscope.
The shaded triangle reperesents the object inside your kaleidoscope. Reflect the shaded
triangle in all the mirrors, then reflect all the reflections to generate an overall pattern.
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Roadside Symmetry.
1. Road signs gives us different kind of information. Many road signs examplify some
symmetry.
(a) Determine which signs below have symmetry. For the signs with symmetry, draw their
axis or axes of symmetry. For the signs without symmetry, circle the parts of the sign that
are not symmmetrical. You can use your Reflect-It mirror to help you find the axes of
symmetry.
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(b) The sign below indicates the way to a hospital. You can use your Reflect-It mirror
to generate the whole picture using only part of the image because of symmetry. Use the
Reflect-It mirror to find different ways to generate the whole hospital sign. Can multiple
angles generate the complete sign? Find the smallest angle that generates the complete sign?
Draw onto your hospital signe where you placed your Reflect-It mirror.

(c) It is possible to use parts of one image to create another using your Reflect-It mirror.
Using your Reflect-It mirror, can you use the image of the hospital sign to create the redcross sign below? If so, draw onto your hospital sign where you placed your Reflect-It mirror
to do so.
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Toothpick Polygons.
2. All the angles of regular polygons are equal in measure and all the sides are equal in
length.
(a) Position your Refect-It mirror to form a 60◦ angle. Place the toothpick between the faces
of the mirror until you generate an equilaterateral triangle. Describe your results and draw
a sketch of how you placed the toothpick.

(b) Reposition your Reflect-It mirror to form a 45◦ angle. Place the toothpick between the
faces of the mirror until you generate a square. Describe your results and draw a sketch of
how you placed the toothpick.

(c) What mirror setting should you use to form a hexagon? Describe your results and draw
a sketch of how you placed the toothpick?
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Miscellaneous Problems.
The following problems come from Invitation to a Mathematical F estival by Ivan Yashchenko.
1. In one country’s Parliament, there are two houses with an equal number of members
each. All members took part in a vote on an important issue and none abstained. When
the chairman announced that the decision was made by margin of 23 votes the leader of the
oppoosition declared that the results of the vote were forged. How did he know?

2. Forty-eight blacksmiths are supposed to shoe 60 horses. What is the shortest amount of
time this will take if each blacksmith spends five minutes on each horseshoe? A horse cannot
stand on just two legs, so at most one blacksmith can work on a horse at any time.
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3. (a) Cover the plane fully with congruent pentagons. The polygons do not have to be
regular.

(b) Now, cover the plane fully with congruent heptagons (7-sided polygons). The polygons
do not have to be regular.
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4. Mark 6 points on the plane so that for every point there are exactly three other points at
a distance of 1 from it.

5. Color a plane in three colors so that there are points of no more than two colors on each
straight line and all three colors are used.
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6. The sieve of Erasthothenes is a Greek algorithm used to find all the prime numbers. Using
the table below, circle the smallest prime number 2. Then cross out all multiples of 2. The
closest number to the right of 2 that has not been crossed out should be next smallest prime
number. Circle it, then cross out all its multiples. Repeat this process.

(a)Put 3 prime numbers in a row so that the differences between adjacent numbers in each
row are equal. The prime numbers do not have to be consecutive prime numbers.
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(b) Put 4 prime numbers in a row so that the differences between adjacent numbers in each
row are equal.

(c) Put 5 prime numbers in a row so that the differences between adjacent numbers in each
row are equal.

7. Every seventh mathematician is also a philosopher, and every ninth philosopher is also a
mathematician. Are there more philosophers or more mathematicians? (Hint: Use a Venn
diagrams.)
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8. Solve the following cryptarithms.
(a)

b)
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