
MATH 360 – MATHEMATICAL 
PROBLEM SOLVING

An adventure in teaching



The First Thing You Need is a Good List 
of Problems

The good news is there are a lot of excellent 
resources.

The bad news is there are a lot of excellent 
resources.



There are recreational books

























This book is terrific 



And specialized books of problems
-Also great for anyone who teaches 

combinatorics courses



Also great for anyone who teaches 
number theory







And many different contests



And the contests vary widely in 
difficulty



Years worth of contests



And more years of contests



And books based on Contests - Any 
book by Ross Honsberger will be 

useful, challenging and fun. 







And journals devoted to problems 



And books devoted to teaching 
problem solving







I use this book as a textbook



I generally seek problems whose 
solutions illustrate certain themes.

Toughing it out and collecting data:

Let 𝑓 𝑛 = 𝑛 + √𝑛 . Prove that for every 

positive integer 𝑚, the sequence 

𝑚, 𝑓 𝑚 , 𝑓 𝑓 𝑚 , 𝑓 𝑓 𝑓 𝑚 ,…

Contains the square of an integer.



Using Symmetry

Evaluate  0
π/2 𝑑𝑥

1+(𝑡𝑎𝑛𝑥)√2
. 



Extreme Principle

There are 2,000 points on a circle, and each 
point is given a number that is the equal to the 
average of the numbers of its two closest 
neighbours. Prove that all the numbers must be 
equal.



Invariants

A rectangle is tiled with smaller rectangles each 
of which has at least one side of integral length. 
Prove that the tiled rectangle also must have at 
least one side of integral length. 



Other techniques include things like

Pigeonhole principle

Counting methods such as double-counting or 
using the complement. 



Next I look for problems that fit into 
certain themes such as 

Graph Theory

Algebra (sums and products, polynomials)

Inequalities

Number Theory

Calculus



Each class starts with some warm-up 
puzzles or games



Determinant Tic-Tac-Toe

In determinant Tic-Tac-Toe, Player 1 enters a 1 in 
an empty  3 by 3 matrix. Player 0 counters with a 
0 in a vacant position, and play continues in turn 
until the  matrix is completed with five 1’s and 
four 0’s. Player 0 wins if the determinant is 0 and 
player 1 wins otherwise. Assuming both players 
pursue optimal strategies, who will win and 
how?



Here’s another Putnam game.

Alice and Bob play a game in which they take turns 
removing stones from a heap that initially has  n 
stones. The number of stones removed at each turn 
must be one less than a prime number. The winner 
is the player who takes the last stone. Alice plays 
first. Prove that there are infinitely many n such 
that Bob has a winning strategy. (For example, if  
n=17 then Alice might take 6 leaving 11; then Bob 
might take 1 leaving 10; then Alice can take the 
remaining stones to win.) 



Other warm-up exercises include 
things like 

Complete the next column of the table:

1 3 9 3 11 18 13 19 27 55

2 6 2 7 15 8 17 24 34 29

3 1 5 12 5 13 21 21 23 30



Or unscramble the following words

• AHMT

• AABEGLR

• ACCLLSUU

• ACIIILLMNOPTTU



Generally problems are assigned at the 
end of class

Students are expected to think about the 
problems and come to the next class prepared 
to discuss them. 

If they haven’t looked at the problems, I make 
them take 45 minutes of class time to orient 
themselves to the problems.



Some years I have a seminar 
component



The students complete a major project 
based on an unsolved problem

(3n+1)-halting problem

Start with a positive integer. If it’s odd multiply 
by three and add one. If it’s even, divide by two. 
Repeat. Does the sequence always return to 
one?

Eg. 7, 22, 11, 34, 17, 52, 26, 13, 40, 20, 10, 5, 16,

8, 4, 2, 1.



Conway’s Angels and Devils problem
(This has been solved)

An angel sits on a square of an infinite chess 
board. The devil begins by destroying one 
square not occupied by the angel. An angel of 
power k can move to a new square, k king 
moves away. They alternate turns. An angel can 
move over a destroyed square but not land on 
it. Can the devil trap the angel?



The “final exam”

- The students are required to write the Putnam 
exam. 

- If they score 20 marks or higher I retroactively 
change their grade to an A+. I have only given 
out two A+ grades.

- Our best performances on the Putnam have 
always come in years when we offer Math 
360.


