
1

The beauty and promise of 

"We just don't know" 

Unsolved and unsolvable problems 
for your classroom

                                     Andrew Crisp
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All slides available on request

acrisp@mathspace.co

Just sit back and enjoy!

mailto:acrisp@mathspace.co
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Four fours

Problem: Express every integer between 1 and 100 using 
exactly four 4’s

Level 1: Use + - × ÷ and brackets
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Four fours

Problem: Express every integer between 1 and 100 using 
exactly four 4’s

Level 1: Use + - × ÷ and brackets
Level 2: Incorporate square root, power, concatenation (44)
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Four fours

Problem: Express every integer between 1 and 100 using 
exactly four 4’s

Level 1: Use + - × ÷ and brackets
Level 2: Incorporate square root, power, concatenation (44)

Level 3: Factorials, repeating decimals, logarithms...
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Four fours
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Four fours
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Four fours

Problem: Express every integer between 1 and 100 using 
exactly four 4’s

This problem is collaborative and engaging.
Arithmetical laws are reinforced in a creative way.

While there are “answers” you can find relatively easily, your 
students will be able to generate solutions that are theirs.
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The Happy Ending Problem

Problem: How many non-collinear points do you need to guarantee that you 
can form a convex n-sided polygon?

This problem was named by Paul Erdős. 
Esther Klein, a Hungarian mathematician, proposed it to her research group 

which included George Szekeres, another Hungarian mathematician. 
Their collaboration eventually led to their marriage. 

The pair moved to Australia in the 1930s after fleeing Europe, and they 
lectured at the University of Adelaide, the University of New South Wales, 

and Macquarie University.
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The Happy Ending Problem

Problem: How many non-collinear points do you need to guarantee that you 
can form a convex n-sided polygon?

n = 3 is easy  
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n = 4 is hard
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The Happy Ending Problem

Problem: How many non-collinear points do you need to guarantee that you 
can form a convex n-sided polygon?

n = 4 is hard

You need 5 points
(Proved by Esther Klein)
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The Happy Ending Problem

Problem: How many non-collinear points do you need to guarantee that you 
can form a convex n-sided polygon?

n = 4 is hard

You need 5 points
(Proved by Esther Klein)
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The Happy Ending Problem

Problem: How many non-collinear points do you need to guarantee that you 
can form a convex n-sided polygon?

n = 5 is harder still

You need 9 points
(Proved by Erdős 
   and the couple)
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n = 5 is harder still

You need 9 points
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The Happy Ending Problem

Problem: How many non-collinear points do you need to guarantee that you 
can form a convex n-sided polygon?

n = 5 is harder still

You need 9 points
(Proved by Erdős 
   and the couple)
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The Happy Ending Problem

Problem: How many non-collinear points do you need to guarantee that you 
can form a convex n-sided polygon?

n = 6 is ultrahard

You need 17 points
(Proved by the couple and another researcher, 

Lindsay Peters, using computers)
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The Happy Ending Problem

Problem: How many non-collinear points do you need to guarantee that you 
can form a convex n-sided polygon?

n = 7 and above is unknown

Tantalizing clue:

3, 5, 9, 17, ...
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The Happy Ending Problem

Problem: How many non-collinear points do you need to guarantee that you 
can form a convex n-sided polygon?

n = 7 and above is unknown

Tantalizing clue:

3, 5, 9, 17, …
2+1, 4+1, 8+1, 16+1, ...
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The Happy Ending Problem

Problem: How many non-collinear points do you need to guarantee that you 
can form a convex n-sided polygon?

This problem is geometric, easy to verify for small numbers, but gets 
complicated very quickly.

It involves ideas like redundancy and information you don’t use
And the next answer along (33) seems so tempting… but we just don’t know.
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Metallic Ratios

               The golden ratio
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Metallic Ratios

               The golden ratio

Limiting ratio of the Fibonacci numbers
                  1, 2, 3, 5, 8, 13…

Can be found in a regular pentagon  
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Metallic Ratios

               The silver ratio

Limiting ratio of the Pell numbers
           1, 2, 5, 12, 29, 70, …

Can be found in a regular octagon  
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Metallic Ratios

               

Remove largest square         A4 paper
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Metallic Ratios

               

     Perfect octagon   4 silver rectangles
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Metallic Ratios

               The bronze ratio

Limiting ratio of a similar sequence
             1, 3, 10, 33, 109, 360…

Hasn’t been found in any regular polygon       ???
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Metallic Ratios

Verifying that the bronze ratio is not equal to as the ratio 
of any diagonal of a tridecagon is an interesting 

geometrical problem.

The metallic ratios are an interesting spin on an old 
classic, and this kind of “pattern breaking” is very useful 

for your students to encounter!
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The Moving Sofa Problem
Problem: What is the most efficient shape to move around a corner?
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The Moving Sofa Problem
Problem: What is the most efficient shape to move around a corner?

This problem has a lot of rich avenues for exploration, such as asking: what is 
the longest rectangle you can fit around the corner?

The problem also has a physical, and very relatable, “best guess”

But the guess is just a guess - we still don’t know what the best shape is!
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Fermat’s Last Theorem
xn + yn = zn

For all positive integers x, y, z
For all n > 2

Andrew Wiles, who proved the theorem in 1994, said:

“This problem had been unsolved by mathematicians for 300 years. It looked 
so simple, and yet all the great mathematicians in history couldn't solve it. 

Here was a problem, that I, a 10 year old, could understand, and I knew from 
that moment that I would never let it go. I had to solve it.”
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The Collatz Conjecture

Start at any number.

If it is even, halve it.
If it is odd, triple it and add one.

Repeat this procedure with your new number.

Where do you end up if you keep going?



70

The Collatz Conjecture

Start at any number.

If it is even, halve it.
If it is odd, triple it and add one.

Repeat this procedure with your new number.

Where do you end up if you keep going?



71

The Collatz Conjecture

Start at any number.

If it is even, halve it.
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The Collatz Conjecture

Start at any number.

If it is even, halve it.
If it is odd, triple it and add one.

Repeat this procedure with your new number.

Where do you end up if you keep going?
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The Collatz Conjecture

The conjecture is that every number ends up in the 1-4-2 loop, that all the 
numbers are connected together.

This problem is a good practice of basic arithmetic, and an introduction to 
“algorithmic” thinking.

What would a counterexample look like?

It quickly becomes very interesting - try the starting number “27” yourself!
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The Collatz Conjecture

It is the inspiration for many creative renditions:
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The Recamán Sequence
Define a sequence as follows:

Start at 0, the 0th term

The nth term is the (n-1)th term minus n, 
    unless that gives you a negative number, 
    or a number already in the sequence, 
    in which case the nth term is the (n-1)th term plus n.
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The Recamán Sequence
Define a sequence as follows:

Start at 0, the 0th term

The nth term is the (n-1)th term minus n, 
    unless that gives you a negative number, 
    or a number already in the sequence, 
    in which case the nth term is the (n-1)th term plus n.

n 0 1 2 3 4 5 6 7 8 9 10

term 0 1
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The Recamán Sequence
Define a sequence as follows:

Start at 0, the 0th term

The nth term is the (n-1)th term minus n, 
    unless that gives you a negative number, 
    or a number already in the sequence, 
    in which case the nth term is the (n-1)th term plus n.

n 0 1 2 3 4 5 6 7 8 9 10

term 0 1 3
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The Recamán Sequence
Define a sequence as follows:

Start at 0, the 0th term

The nth term is the (n-1)th term minus n, 
    unless that gives you a negative number, 
    or a number already in the sequence, 
    in which case the nth term is the (n-1)th term plus n.

n 0 1 2 3 4 5 6 7 8 9 10

term 0 1 3 6
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The Recamán Sequence
Define a sequence as follows:

Start at 0, the 0th term

The nth term is the (n-1)th term minus n, 
    unless that gives you a negative number, 
    or a number already in the sequence, 
    in which case the nth term is the (n-1)th term plus n.

n 0 1 2 3 4 5 6 7 8 9 10

term 0 1 3 6 2
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The Recamán Sequence
Define a sequence as follows:

Start at 0, the 0th term

The nth term is the (n-1)th term minus n, 
    unless that gives you a negative number, 
    or a number already in the sequence, 
    in which case the nth term is the (n-1)th term plus n.

n 0 1 2 3 4 5 6 7 8 9 10

term 0 1 3 6 2 7
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The Recamán Sequence
Define a sequence as follows:

Start at 0, the 0th term

The nth term is the (n-1)th term minus n, 
    unless that gives you a negative number, 
    or a number already in the sequence, 
    in which case the nth term is the (n-1)th term plus n.

n 0 1 2 3 4 5 6 7 8 9 10

term 0 1 3 6 2 7 13 20 12
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The Recamán Sequence
Define a sequence as follows:

Start at 0, the 0th term

The nth term is the (n-1)th term minus n, 
    unless that gives you a negative number, 
    or a number already in the sequence, 
    in which case the nth term is the (n-1)th term plus n.

n 0 1 2 3 4 5 6 7 8 9 10

term 0 1 3 6 2 7 13 20 12 21 11
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The Recamán Sequence
Once again this sequence lends itself to visualisation:
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The Recamán Sequence
Once again this sequence lends itself to visualisation:
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The Recamán Sequence
Once again this sequence lends itself to visualisation:

     42 is visited twice!
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The Recamán Sequence
Is every number visited?

We don’t know. The inventor of the sequence thought so initially, but doesn’t 
think so anymore.

Not only is this another good way to practice basic arithmetic and thinking 
algorithmically, but it also is another illustration of a recursive process - where 

the sequence has a “memory”.
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The Travelling Salesman
Can you visit every vertex in these networks without repeating a vertex?
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The Travelling Salesman
Can you visit every vertex in these networks without repeating a vertex?
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The Travelling Salesman

There are some clever shortcuts you can develop, but they 
don’t help very much.

Most of the time we leverage immense computing power 
to get the answer by brute force.

Solving it would show P≠NP and win the solver $1M!
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P≠NP
If it’s easy to check, is it easy to solve?

Prime factorisation (Cryptography)
Sorting (Computer science)

Scheduling (Logistics)
Allocation and triage (Health)

Traffic and GPS routing (Transport)
Circuit design (Electronics)
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Gödel’s Incompleteness Theorem
There are true statements in mathematics that cannot ever be proved

There are false statements in mathematics that cannot ever be disproved

The proof of this theorem relies on a thorough exploration of recursive 
thinking - statements calling upon themselves - and the hardest problems 

around today are likely to involve it as well

This limitation should be acknowledged, and celebrated!
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All slides available on request

acrisp@mathspace.co

Thank you!

mailto:acrisp@mathspace.co

